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Executive Summary

Key messages

1.

Climate change will place pressure on Jordan's water resources and adversely affect agricultural
production through water scarcity, higher temperatures, and more frequent extreme events.

The suitability profile of the key crops currently grown in Jordan will change. Potato suitability will
deteriorate, and that of barley and wheat will become more marginal. Olive yields will remain
stable, while those of tomatoes and dates are expected to increase.

Climate-smart agriculture (CSA) offers opportunities to adapt to and mitigate the impacts of
climate change, while promoting continued growth and job creation.

This CSA Action Plan used quantitative and participatory tools to prioritize investment packages
for each of Jordan's agroecological zones: expansion of date palms and protected vegetables
in irrigated parts of the Jordan Valley and highlands, olive production and processing and
barley production in rain-fed regions, and small ruminant value chains and Badia restoration in
agropastoral areas.

At both the farm and aggregated levels, the cost-benefit analysis shows a generally good return
on investment for all CSA packages.

All the packages also promise to increase water productivity, create jobs in high-value export
chains, and benefit farmers and vulnerable populations both directly and indirectly. The
aggregated economic profitability of the six packages was estimated based on a combination
of the net incremental benefit at the farm level, the annual adoption rate and, the large-scale
investment costs beyond the farm level, such as for trainings and equipment for post-harvest
storage and processing: and the number of targeted beneficiaries.
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The economic profitability and payback period of investment packages at the on-farm and
aggregated levels.

Area Farmers Investments** Payback period (years)

CSA package*
-farm  Large scale Aggregated On-farm  Aggregated

(mil JD) (mil D) (mil D)
Date palms 800 500 6.34 130 7.64 12 31
Vegetables (a) 250 500 106.86 0.37 107.23 9.8 1.6
Vegetables (b) 100 200 39.74 0.19 39.93 8.9 1.7
Vegetables (c) 20 40 8.95 0.09 9.04 10.3 2.6
Olive 1,000 1000 16.82 212 18.94 3 2.6
Barley 1,000 1000 0.47 0.60 1.07 4 55
Small ruminants n/a 900 23.26 0.54 23.80 3 1.6
Badia restoration 5000 250 0.1 1.39 1.49 3 6.9

n/a = not applicable Notes: *Vegetables are produced as follows: (a) open field to greenhouse, (b) low tunnel to greenhouse, and
(c) open field to hydroponics; **1JD = US$1.41.

7. All the investment packages proposed by this CSA Action Plan have a negative net carbon
balance, with a total reduction of greenhouse gas (GHG) emissions of 823,665 tons of carbon
dioxide equivalent combined. The total estimated GHG reduction represents a value of more
than US$25 million.

8. Based on results from the Adoption and Diffusion Outcome Prediction Tool, maximum adoption
rates for all CSA investments will be high, reaching 93 percent to 98 percent in a 20-year period.

Jordan is facing harsh climatic changes that affect agricultural production, and these challenges
are expected to worsen in coming years. Climate change will place significant food security and
livelihood stress on Jordan's poor and vulnerable populations. It may also hamper the further
development of Jordan's agricultural sector, which increasingly depends on export markets. To
address climate change, and in collaboration with the Alliance of Bioversity International and the
International Center for Tropical Agriculture, and with the International Center for Agricultural
Research in the Dry Areas, the World Bank assisted the government of Jordan in preparing this
Climate-Smart Agriculture Action Plan. Climate-smart agriculture (CSA) heightens productivity in
an environmentally and socially sustainable way, strengthens farmers' adaptation and resilience to
climate change, and supports mitigation efforts.! Jordan's Action Plan to identify CSA investments
follows the Climate-Smart Agricultural Investment Planning Framework and builds on the initiatives
and work of government agencies and local institutions.? There is no CSA silver bullet; rather, climate-
smart potential is highly contextual, and climate-smart program design requires an understanding of
local circumstances and priorities.

Jordanis an extraordinarily dry country, and water resources are the limiting factor that determines
its agricultural production systems. Only about 8 percent of Jordanian territory receives more than
200 mm of rainfall annually. Portions of the area receiving more than 200 mm are irrigated and
portions are unirrigated, effectively creating two agroecological zones (AEZ). The unirrigated areas
constitute the rain-fed AEZ.2 The remainder constitutes the irrigated AEZ. The irrigated AEZ is the
most productive and consists of the Jordan Valley and irrigated areas in the highlands; it extends from



south of the Dead Sea to the northern national border and includes small portions of the highlands
and agropastoral areas. The agropastoral AEZ comprises about 90 percent of Jordanian territory and
primarily supports livestock production.* Jordan's extremely scarce water resources mean the country
has already achieved exceptional water judiciousness, withdrawing only a fraction of its neighbors’
consumption per capita. In contrast, synthetic fertilizers have historically been widely used in Jordan.

Jordan's agriculture is increasingly productive, and as of 2020, the sector contributed about 5.9
percent of the total national gross domestic product.® Agriculture accounts for about 15 percent of
the total export value of USS$1.1 billion and 25 percent of total imports, which are worth US$4.2 billion,
making Jordan a net importer.® The livestock subsector dominates the vast agropastoral AEZ and was
valued at US$1.47 billion in 2019. Jordan is self-sufficient in olives, olive oil, tomatoes, goat meat, fresh
milk, and eggs. Additionally, it produces a significant portion of the poultry and some vegetables
consumed domestically. In contrast, local diets rely heavily on imported cereal, legumes, fruits, and
some vegetables. Jordan produces only about 3 to 4 percent of the wheat and barley it consumes.
Nearly all its barley is dedicated to livestock feed.

Jordan's agricultural sector produced about 1.15 million metric tons (MT) of carbon dioxide
equivalent in 2017. The primary agricultural greenhouse gas (GHG) emissions sources include enteric
fermentation, manure left in pasture, nitrous emissions from agricultural soils, and secondary and
tertiary emissions, including from portions of value chains, processing, and the associated electricity
production, industry, and transport.” The forestry sector reported 0.87 million metric tons of carbon
dioxide equivalent emissions in 2014 as a result of soil organic carbon loss in the rangelands.® This
phenomenon is closely linked with unsustainable livestock practices, including overgrazing and
consequent land degradation. It represents an important area of mitigation potential in Jordan's
agropastoral systems.

The Ministry of Agriculture is the main actor charged with developing the agricultural sector.
Research is provided primarily by the Ministry of Agriculture's National Agricultural Research Center,
while extension services are now a department under the Ministry of Agriculture.® The National
Agricultural Research Center has eight regional centers and 13 research stations that operate across
10 departments.”® Water management is a major focus. The Jordan Valley Authority and the Water
Authority of Jordan represent potentially valuable models for expanding and improving extension
services in the country." Private-sector activity in Jordan remains far below potential. Most non-profit

initiatives center around the Syrian humanitarian crisis.

Jordan is a party to the Paris Agreement. The country submitted its Nationally Determined
Contribution (NDC) in November 2016, detailing its intent to cut GHG emissions by 14 percent, with
a 13 percent reduction conditional on international financial support.? The updated submission of
Jordan's first NDC in 2021 enlarged its GHG emission reduction target to 31 percent. Jordan joined the
NDC partnership in 2018, and in 2019 approved its NDC Action Plan, led by the Ministry of Environment
and the Secretary General of the Ministry of Planning and International Cooperation. This Action
Plan identifies priority areas for mitigation and adaptation. It also sets objectives for transitioning to
a low-carbon climate-resilient economy, including bolstering the resilience of water resources and
agriculture while mainstreaming climate change into local and regional development planning. The
updated NDC presents the following key strategic objectives and approaches to address climate
change impacts in the agricultural sector: (1) integrating climate resilience into policy and institutional
reforms; (2) improving irrigation system efficiency; (3) supporting hydroponic and other water-
tolerant agricultural productivity systems; (4) enhancing the productivity of rangeland management;
and (5) boosting the sustainable productivity of food chains. Greater efforts are needed to mobilize
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opportunities for climate financing from both public and private sources. Jordan has received more
than US$100 million since 2015 for climate-change related programming from the World Bank, the
Global Environment Facility GEF-6, the Clean Technology Fund, the Green Climate Fund, and the
Adaptation Fund.”

Jordan’s national climate policies demonstrate good alignment with these international
commitments. The National Climate Change Policy (2013—-2020, slated to extend to 2030) is a key
piece of legislation that informs various subsequent strategies and plans for a climate-resilient, low-
carbon Jordan; the Third National Communication on Climate Change (2014) builds on the National
Climate Change Policy with specific objectives, proposed actions, and projected impacts.” The
Green Growth National Action Plans support the NDC Action Plan and Sustainable Development
Goals.” Additionally, in 2016 the Jordan Ministry of Agriculture launched its third National Strategy
for Agricultural Development for 2016 to 2025 as part of general national development efforts under
Jordan Vision 2025. The strategy was recently updated for 2020-2025. The National Water Strategy
2016-2025 makes lowering the percentage of water that is lost or unaccounted for in the system a
high priority. Achievement of this goal would maintain Jordan's continued resiliency in the face of
extreme water scarcity.® Other relevant policies include the Special Programme for Food Security,
the Forest Strategy, the National Strategy and Action Plan to Combat Desertification, Comprehensive
Food and Nutrition, Drought Mitigation, Poverty Alleviation, and the National Agenda.” Nevertheless,
there is currently no comprehensive policy to protect natural resources in Jordan.”

Jordan's agricultural sector is also facing growing challenges as population pressures increase,
including production area, food security and trade, natural resources, and the enabling
environment.” Extreme annualvariationsin rainfallhave made the crop production area extraordinarily
volatile over the past 40 years. Jordan depends heavily on imports for its staple foods, and import
value exceeds exports threefold.?® The export of vegetables and animals declined dramatically during
the Syrian and Iraqi crises, and later rebounded as Jordan reoriented to fill the market niches left open
by these two countries. Nevertheless, various national and regional factors drive continued expansion
of the export-to-import gap ratio.? Jordan's residents currently have access to a mere 61 liters of
water per capita per day on average. In addition to being one of the most water-scarce countries
on the globe, Jordan is experiencing accelerating land degradation and desertification because of a
loss of vegetative cover. Solutions to these issues are undermined by a dearth of funding and weak
institutional coordination among ministries and between the public and private sectors.?

Jordan’s national policy does not generally favor agricultural-sector growth. Agricultural
investment in the country overall is about half the regional average.? Irrigation water and pumping
are incentivized, and the import tariff scheme encourages domestic production of crops that require
significant water resources.* For example, barley imports have been subsidized for decades,
discouraging domestic production and inflating the livestock sector beyond the sustainable carrying
capacity of rangelands.? Most land is public, and legislation has led to significant fragmentation of
privately owned land.?* The Jordanian regulatory environment is particularly distortionary in terms of
the ease of doing business. The Syrian refugee crises and the COVID-19 pandemic have exacerbated
this situation.?

Historical data and future model projections indicate clear climate change impacts in Jordan.
Historical climate trends since the 1960s show that annual maximum temperatures have climbed
between 0.3 °C and 1.8 °C and minimum temperatures have risen in the range of 0.4 °C to 2.8 °C
across the country (Figure ES.1). Annual precipitation has also declined by about 5-20 percent at a rate
of 6-27 mm per decade.?® Future climate modelling indicates the following additional developments:



(1) further decreases in total precipitation by 6 percent, 12 percent, and 19 percent by 2030, 2050,
and 2070, respectively under Representative Concentration Pathway (RCP) 8.5 (Figure ES.2); (2)
increasingly unpredictable and heterogeneous precipitation across the landscape; (3) an increase
in average temperatures of up to 4 °C; (4) heightened rates of drought occurrence, length, and
severity; and (5) more frequent extreme events, such as cyclones.?? The combination of diminishing
average seasonal rainfall with greater rainstorm intensity implies fewer and heavier rainstorms. Less
precipitation, higher temperatures, and more extreme drought conditions in tandem will markedly
augment evapotranspiration and, consequently, plant water demands.

Figure ES.1 Annual mean temperature in Jordan®

1910 1930 1950 1970 1990

Note: Dark blue represents the coolest relative temperatures, and dark red indicates the highest relative temperatures.

Figure ES.2 Projected changes in annual mean temperature and total annual precipitation in Jordan
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Note: These changes by 2030 are projected under the high-emission Representative Concentration Pathway 8.5.

An evaluation of the occurrence and severity of physical climate hazards for the three AEZs of
Jordan indicate that soil moisture stress, long dry spells, and the frequency and duration of heat
stress are the most pressing agricultural issues. The irrigated AEZ will experience more hot days and
heat waves. Moisture and heat stress will increase in the rain-fed AEZ, and the extent and intensity of
water stress will remain severe throughout the entire agropastoral AEZ.
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Such generalized warming and drought stress can severely hinder agricultural production.
Temperatures, especially during spring, are already supra-optimal for wheat and potato growth
on many days. Changes in the physical climate imply likely yield reductions, which are particularly
worrisome for staple crops such as wheat and barley in rain-fed areas. Notably, future climate
projections indicate that potatoes, a staple crop in Jordan, will be acutely affected by the rising number
of hot days in the growing season as well as by the increasing hot spells. Date palm cultivation is not
expected to experience negative impacts from elevated temperatures.

Given these threats, the authors modeled the change in suitability of important crops in Jordan
over the next 10 years. The analysis indicates that rain-fed agriculture and rangeland production
will experience the greatest losses under climate change. For the irrigated AEZ tomatoes, potatoes,
and date palms were analyzed; for the rain-fed AEZ, potatoes, wheat, barley, and olives; and for the
agropastoral AEZ, barley was examined as a primary indicator of the availability of animal feed. Results
suggest that by the 2030s, the irrigated AEZ will become less suitable for potatoes and more so for
tomatoes. In the rain-fed AEZ, wheat will remain marginal, and potatoes will experience even greater
reductions in suitability than in the irrigated AEZ. The agropastoral AEZ will continue to be either
marginally or moderately suitable for barley. Notably, this modeling assumes steady groundwater and
irrigation water supplies. In reality, however, water resources for agriculture are expected to decrease
25-20 percent in the coming years; this decline will particularly threaten the irrigated AEZ, where the
bulk of Jordan's agricultural gross domestic product is generated.®

Climate change impacts will continue worsening beyond 2030. For example, the barley yield is
expected to decrease 50-25 percent by 2050 due to higher temperatures and less rainfall, which would
significantly shrink the availability of livestock feed. Declining rainfall and rising temperatures will also
continue to diminish water and pastureland for livestock.?? Losses may be further exacerbated by
water resource reductions not captured in this model. Such marked reductions in crop and livestock
productivity could further heighten Jordan's reliance on imports and weaken food security. A more
comprehensive assessment of crop productivity using process-based models would support a more
complete understanding of potential future scenarios.

Except for potatoes, all the selected Jordanian crops experience a relative increase in yields under
climate change according to International Model for Policy Analysis of Agricultural Commodities
and Trade (IMPACT) projections (Table ES.1). That is, yields improve relative to other local crops
and to the same crop on the global marketplace. The area under cultivation for these key crops is
projected to remain relatively stable. Production is expected to grow for barley, fruits, vegetables, and
wheat. Negligible increases are likely for dairy and poultry, and potatoes and lamb will see relative
decreases in production. Livestock numbers will also be minimally affected.

Table ES.1 The impact on yields of two climate change scenarios in 2050 based on the IMPACT model

el NoCC (%) 20%%-%%:: (5%) (pe?’cse!’r‘\‘t.:ggl:jne1 F[):)Cirt\ts) ZOCZ%-Rzg:: (§%) (pelf'S:r?t.gt_l:jn; g?)?rtits)
Barley 62.1 78.6 16.5 78.8 16.7
Potato 25.8 19.7 -6.1 13.7 -12.1
Tropical fruit 50.3 63.8 13.5 63.0 12.7
Vegetables 49.5 621 127 61.4 1.9
Wheat 772 96.4 19.2 97.1 19.9

Note: NoCC = no climate change; CC = climate change; the impacts of RCP 4.5 and RCP 8.5 are presented relative to the NoCC scenario.



Expected food availability will experience a small negative impact from climate change of less
than 1 percentage point for most crop and livestock commodities. Climate change will also result in
slight declines in the total demand for the selected crops and livestock, except for that of barley and
wheat. Potatoes show a larger decrease of 6 to 8 percentage points. In a middle-income country such
as Jordan, such a slight shrinkage in the food supply will not adversely affect the overall access to food
given existing surpluses and the capacity for importation. However, it will cause an increase in food
prices for all crops except barley. Prices increases will be most pronounced for potatoes, vegetables,
and wheat, consistent with corresponding reductions in the projected food availability of each crop.

From 2020 to 2050, a subset of the priority commodities shows heightened differentiation in trade
under climate change. IMPACT projects the increasing export of vegetables, consistent with recent
trade studies reflecting an average of 11 percent growth per year and over 80 percent growth of the
total exported commodities in some years.** There is also a tendency toward increased importation
of both barley and wheat, illustrating that demand will outstrip domestic supply even though both
crops fare well under climate change. Exports of vegetables are projected to expand, and the trends
for poultry are unclear.

Expert consultations supported the research findings. Experts indicated that changes in
temperature, rainfall, and moisture have been observed in Jordanian agriculture. Water availability and
quality were also general concerns. Price fluctuations and labor availability challenges were identified
in the irrigated and rain-fed AEZs. Conflict in other countries is a primary risk in the irrigated AEZ,
while resource scarcity conflicts and refugee migration hold higher importance in the rain-fed and
agropastoral AEZ. Animal-related issues were also noted in the agropastoral AEZ. In terms of policy
considerations, experts generally prioritized food security, price volatility, value chain development,
and youth employment. Water allocation and trade were important topics in the irrigated AEZ, and
poverty alleviation is critical in the rain-fed and agropastoral AEZ. Opportunities for women were
mentioned infrequently by experts, least of all for the irrigated AEZ.

This extensive process of research, analysis, and expert consultations resulted in six CSA
investment packages designed to address adaptation, mitigation, and productivity across
the three Jordanian AEZs (Table ES.2). This Action Plan assesses and prioritizes these investment
packages based on their potential contribution to CSA, taking a broad perspective across AEZs and
commodities. In addition to their climate-smart potential, the proposed packages promise to add
important economic value and strong contributions to ecosystem services, food and feed security,
and livelihood development. Importantly, they offer gains in water productivity far greater than the
anticipated 25-20 percent reduction in water resource availability. Each of the investment packages
also creates and amplifies employment opportunities throughout the relevant value chain. Selected
packages must be further developed with potential partners and funding organizations as a follow-
up to the groundwork in this report. The packages are as follows:

+ High-value date palm development, processing, and marketing using modern irrigation and
improved cultural practices in irrigated areas.

+ Expansion and upgrades of protected vegetable production with advanced technology,
processing, and marketing options in irrigated areas.

« Upgrades of olive production and processing through low-cost modern technologies for
collection, cold pressing and pickling, and alternative waste use in rain-fed areas.

+ Enhanced barley production through rainwater harvesting and improved managementin rain-
fed areas and the Badia.
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+ Elevated small ruminant production through intensive farming systems and dairy chain

development in agropastoral areas.

+ Badia restoration with micro-catchment water harvesting and improved grazing management

in agropastoral areas.

Table ES.2 Investment rationale for climate-smart agriculture implementation

On-farm
value

CSA
investment

Economic
promise and
nutrition

Date palm

Economic
promise,
nutrition, and
food security

Vegetables

Economic
promise and
nutrition

Olives

Economic
promise and
food and
feed security

Barley

Economic
promise and
food security

Small
ruminants

Jordanian importance?®

Export and local
consumption. An
estimated 25,000 metric
tons produced annually
on approximately 4,000
hectares.

Export and local
consumption. An estimated
1.7 million metric tons
produced annually on
more than 37,000 hectares.
Tomatoes alone contribute
280,000 metric tons to
export markets valued at
US$223 million.

A major production
system in rain-fed areas
with potential to increase
processed quality for
export. An estimated
145,000 metric tons
produced on over 56,000
hectares, of which more
than 1,000 metric tons are
exported.

Essential livestock feed
during periods of fodder
shortage. Domestic
production contributes
nearly 50,000 metric tons,
while 960,000 metric tons
are imported annually.

Reliably high demand; a key
sector for women. Annual
exports of nearly 500,000
sheep and goats with a
value of nearly US$170
million.

Projected CC-
response

Increased suitability.
Date palms thrive in
higher temperatures and
tolerate water stress.

Increased suitability for
tomatoes, decreased
suitability for potatoes.
The growing season

of fruiting vegetables
extends with greater
numbers of warm
days, although high
temperatures stress
plants. Hot spells
dramatically reduce
tuber formation, weight,
and yields.

Moderate suitability in
the rain-fed zone. Olives
tolerate heat and water
stress.

Poor response to climate
change. Lengthier and
commoner heat-stress
days concentrated
towards spring reduce
grain filling and maturity.
Warming and drought
stress cause 25-50
percent yield reductions
by 2050.

Good adaptation to
climate change. Higher
summer temperatures
may nevertheless hinder
livestock productivity
and affect human labor.
Increased heat and
moisture stress reduce
grazing and fodder
sources, detracting from
livestock health.

Scenario without
investment

Stable production.

Decreased open-
field production,
increased post-
harvest losses.

Increased post-
harvest losses,
exacerbated
environmental
degradation.

Decreased yield
by 25-50 percent
by 2050, increased
imports.

Increased land
degradation,
decreased feed
security.

Y ET]]
investment
objectiveW

Growth

Adaptation
and growth

Adaptation
and growth

Adaptation
and growth

Adaptation
and growth



Ecosystem
services,
including
feed security
for livestock

Badia
restoration

Mitigation and prevention
of desertification. Badia
restoration supports
barley and small ruminant
investments along with
several national policies.

Diminished livestock
and crop production.
Hotter summers and
drier winters reduce the
soil's ability to support
vegetative growth.

Continuing

loss of arable
land, decreased
productivity.

Adaptation
and
mitigation

A cost-benefit analysis shows a positive net present value for all the CSA packages at both the
farm and aggregate scales, indicating a generally good return on investment. The Adoption and
Diffusion Outcome Prediction Tool (ADOPT) forecasts high maximum adoption rates for all CSA
investments—between 93 percent and 98 percent—within a -20year period. Diffusion rates differ,
presumably due to the diverse characteristics of the target beneficiaries of each package. The CSA
investment packages have various levels of sensitivity to discount rates, climate change, and output
price variability. The sensitivity varies along with the scale of the analysis particularly for climate change
and output price variability (Table ES.3). Overall, taking a value chain approach substantially reduces
the payback period for most CSA investments while also increasing financing opportunities through
private-sector involvement.

Table ES.3 The economic profitability and payback period of investment packages at the on-farm and

aggregated levels based on ADOPT

Area Farmers Investments** Payback period (years)
SLTEE S On-farm Large scale  Aggregated On-farm A
(mil ID) (mil ID) (mil ID) ggregated
Date palms 800 500 6.34 1.30 7.64 12 31
Vegetables (a) 250 500 106.86 0.37 107.23 9.8 1.6
Vegetables (b) 100 200 39.74 0.19 39.93 8.9 17
Vegetables (c) 20 40 8.95 0.09 9.04 10.3 2.6
Olive 1,000 1000 16.82 212 18.94 3 2.6
Barley 1,000 1000 0.47 0.60 1.07 4 55
Small ruminants n/a 900 23.26 0.54 23.80 3 1.6
Badia restoration 5000 250 0.1 1.39 1.49 3 6.9

Notes: *Vegetables are produced as follows: (a) open field to greenhouse, (b) low tunnel to greenhouse, and (c) open field to hydroponics; **1JD =

US$1.41. n/a = not applicable

Allthe CSAinvestment packages proposed by this Action Plan have a negative net carbon balance,
with a total GHG emission reduction potential of 823,665 tons of carbon dioxide equivalent. Badia
restoration contributes the most to GHG emission reduction at 64 percent, followed by the small
ruminant and date palm value chains at 1312 percent each, and then the vegetable value chain at 4.6
percent; olives and barley contribute the least at 3.4 percent each. The total estimated GHG reduction
potential represents a value of more than US25$ million and must be evaluated when considering
investment in the CSA packages.

Overarching barriers to investmentinJordan include political and security issues, resource scarcity
and conflicts, climate risks, financial constraints, and market failures. Most of these challenges or
constraints are embedded in the policy environment, and as a result can be addressed or controlled
as part of CSA program design and implementation. For example, there is a substantial opportunity to
further align national policies with the country’s NDC Action Plan. This CSA Action Plan constitutes an
excellent opportunity to begin such policy alignment while supporting the Sustainable Development

PAGE 9



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

PAGE 10

Goals. Boosting water productivity through these CSA investments along with appropriate policies to
restrict the rebound effect would relieve agricultural pressure on groundwater. Improved information
flow, capacity building, financial services, value chain integration, and strong local community
engagement will enable the success of all CSA programming in Jordan. Blended finance may be an
important option for mobilizing public and private finance to scale up effective, high-potential CSA

investments.3¢

A vital aspect of this CSA Action Plan is monitoring and evaluation (M&E). M&E establishes
assumptions about how change will occur, provides evidence and information to implement results-
based management, and allows managers to obtain up-to-date information about whether projects
are on track in terms of their work plans, budgets, and objectives.¥” The overall M&E structure consists
of the theory of change, impact pathways, a results framework, and relevant indicators. The theory
of change serves to simplify and visualize the main objectives of a project and indicates how these
changes will occur. Building on the theory of change, the impact pathways describe the different
ways such improvements can be realized. This Action Plan aims to address several key climate-related
issues ranging from food security to livelihood improvements in the agricultural sector. The theory of
change and impact pathways designed for this Action Plan revolve around a stronger, more climate-
resilient and sustainable agricultural sector across the various commodities and regions of Jordan.

To achieve productive, sustainable, and climate-resilient farming systems and value chains, four
pathways have been identified: higher production and incomes, increased adaptive capacity,
reduced climate exposure and sensitivity, and improved marketability of commodities. The
success of the investments will be measured through the various activities that must be implemented
to establish the necessary outputs as shown in the theory of change. Portfolio-level investment results
can be monitored against a limited set of primary indicators, including the number of beneficiaries
and changes in productivity, adaptive capacity, resilience, and GHG emissions. Likewise, at the project
level, primary indicators can be selected for each individual investment during the development phase.
The results framework, with indicators at the program level and for each investment component, can
be used to evaluate project performance.

Several additional steps are still needed to build an M&E system and ensure the sustainability
of current and future projects that may be undertaken beyond the scope of the CSA Action Plan
itself. The CGIAR research program on Climate Change, Agriculture, and Food Security has outlined
11 steps, categorized under indicators, M&E system, capacity development, and finance, that must
be in place.® These M&E activities must be formalized and institutionalized in a programmatic M&E
plan that describes the specific actions and responsibilities required to conduct a comprehensive
MG&E assessment. An M&E plan is hallmarked by its cross-cutting nature, bringing together multiple
institutions, government agencies, implementing partners, and stakeholders to attain broad-reaching
benefits for the agricultural sector and the environment and to reach national development targets.
Moreover, when aligned with the Jordanian government’s goals and ministry objectives, investments
in M&E will result in institutional capacity building and generate comprehensive data sets that can
be used for policy- and decision-making. Projects with a strong M&E program can reveal essential

information for future interventions.
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Chapter

Introduction and approach

Highlights

+ Climate change, including diminishing rainfall and rising temperatures, poses challenges to
Jordan's agricultural sector and especially to poor and vulnerable populations.

« Climate-smart agriculture (CSA) addresses these problems by increasing productivity while
also fostering sustainability, resilience, and mitigation.

+ Jordan's CSA Action Plan aims to enhance CSA across Jordan's agroecological zones (AEZs) and
major value chains in alignmentwith national climate priorities and international commitments,
including their Nationally Determined Contributions to the Paris Agreement.

1.1 Why Climate-Smart Agriculture (CSA)?

Jordan is facing harsh climatic conditions that are affecting agricultural production and which are
expected to become even more challenging in the future. In recent decades, there has been a steady
decline in average annual rainfall across West Asia. Changes in precipitation amounts and patterns
and increased temperatures are straining crop and livestock production in Jordan. Climate change will
place significant stress on Jordan's poor and vulnerable population. In addition to causing setbacks
in terms of food security, climate change may also pose problems for the further development of
Jordan'’s agricultural sector, which is increasingly dependent on value chains and export markets.
A robust and broad-scale package of development initiatives can help Jordan's agricultural sector
address current and future climate change impacts, meet food demand, and advance the growth of
agribusiness under climate change. This document outlines a portfolio of potential investments to
support Jordan's agricultural sector in addressing climate change through CSA.

CSA increases productivity in an environmentally and socially sustainable way, strengthens farmers’
adaptation and resilience to climate change, and supports mitigation efforts from its negative
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impacts (Figure 1.1)*°. Economic investments that account for climate change can increase agricultural
productivity while providing climate-related benefits, supporting adaptation, building resilience,
and reducing emissions. CSA focuses on agriculture sector, but it is multi-sectoral and also includes
commitments to enhancing livelihoods while ensuring food security. Although CSA aims to create
wins across its three pillars: productivity, adaptation, and mitigation, it recognizes trade-offs based on
the biophysical, agricultural, and socioeconomic context of a given place at a given time.

Figure 1.1 Climate-smart agriculture: the triple win of sustainability, resilience, and lower emissions*

REDUCES AGRICULTURE'S
SUSTAINABLY INCREASES STRENGTHENS RESILIENCE CONTRIBUTION TO CLIMATE CHANGE

This CSA Action Plan builds on the experience of the World Bank and its partners in assessing the
impact of climate change on food systems. Since 2014, the World Bank and partners have released
30 CSA Profiles, helping countries across Asia, Africa, and Latin America understand the climate
challenges their food systems face, assess how climate-smart their agriculture sectors already are,
and explore possible solutions to mitigate climate risks.** The World Bank is now building on these
CSA profiles and moving toward the next phase, namely, bringing CSA to life at the country level with
CSA Investment or Action Plans.® The approach and methodology used in these CSA Investment
Plans were developed in cooperation with a wide range of partners, including the Alliance of Bioversity
International and CIAT, and have already been applied in several countries around the world.

1.2 The Climate-Smart Agricultural Investment Planning Framework

Jordan’s Action Plan to identify CSA investments follows the Climate-Smart Agricultural Investment
Planning Framework. The framework is based on the four components of CSA planning and
implementation: (i) situation analysis, (i) prioritizing interventions, (i) program design, and (iv)
M&E.* All four components depend on strong engagement with the key decision-makers, experts,
and institutions involved. Each step serves as input to the others, moving from a careful analysis
of the agricultural context, climate change projections and risks, and economic impacts, to the
prioritization of CSA investments and program design with climate-smart analysis — all embedded
in a comprehensive Theory of Change and Results Framework. This Investment Planning Framework
(Figure 1.2) guided the development of Jordan's CSA Action Plan and the organization of this report.

The World Bank, in collaboration with the Alliance of Bioversity International and CIAT and with
ICARDA, assisted the government of Jordan in the preparation of this CSA Action Plan. This Action
Plan will, firstly, address vulnerabilities and risks in the agricultural sector due to climate change and
unsustainable land and water management and use. Secondly, it will also assess GHG emissions
from the agri-food sector, mitigation potentials, and policy options for scaling CSA and solutions
along key value chains. The objective of the plan is to identify actions that boost CSA across AEZs and
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major agricultural commodities’ value chains, in the form of both investments and policies. The result
is a series of recommended investment packages based on an encompassing analysis spanning
all Jordan's AEZs and a variety of agricultural commodities. Additional, focused analysis of specific
value chains and markets will be necessary to elaborate detailed investment plans for the diverse
programs and projects submitted for consideration herein. This Action Plan will contribute to the
implementation of Jordan's NDCs, the Green Growth National Action Plan, and national targets of

the agricultural sector.

Figure 1.2 Components of the CSA planning framework for Jordan®

Vulnerability, Impacts & Readiness

Portfolios
Value for Money & Trade-offs

T

Davelopment & Deployment
Knowledge Into Actlon
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Chapter

The agricultural context

Highlights

+ As an emerging urban economy in the Middle East, Jordan faces high rates of poverty,
especially in rural areas.

+ Jordan is extremely arid, and the country’s water resources are under increasing pressure.

+ Major commodities in irrigated and rainfed areas include vegetables such as tomatoes and
potatoes; fruit trees including olives, almonds, citrus, and dates; field crops such as wheat and
barley; and legumes such as lentils and chickpeas. Livestock is a highly valuable subsector
dominating the enormous agropastoral AEZ.

+ Agricultural value chains contribute significantly to livelihoods, but there are notable disparities
in gender and nationality among employees of the agricultural sector.

+ Jordan's GHG emissions have been decreasing in recent years, but there remains mitigation
potential.

+ Key institutional players for the agricultural sector include Jordan's Ministry of Agriculture
(MoA) and National Agricultural Research Center (NARC).

+ National policies are generally aligned with international climate goals, and could further
bolster growth in the agricultural sector.

« Agricultural-sector challenges include production area, self-sufficiency and trade, natural
resources, and the enabling environment, all of which have been partially affected by the
Syrian, Iragi, and COVID-19 crises.

+ Key issues related to the enabling environment include access to finance, fiscal pressures, a
lack of investment in innovation, and a lack of coordinated approaches to monitor key trends
in the overall food system.
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2.1Jordan and its people

Jordan is an urbanized Middle Eastern emerging economy. The total Jordanian population has grown
from 590,000 in 1950 to 10.6 million in 2020. As of 2018, only about 9% of the population resided in
rural areas, and urbanization rates hover around 2.4% annually as of 2020.® The capital city, Amman,
is the economic center of the country, and at 4.3 million inhabitants, is also the nation’s largest city.*
Other prominent cities include Zarqga, Irbid, and Agaba. Recent regional conflict has brought about
an economic slowdown and a massive influx of refugees, causing Jordan to be reclassified as a low-
middle income country in 2018.%°

Jordan is characterized by a rural-urban divide. The portion of the population in poverty steadily
declined to 15.7% in 2002, but has since increased to nearly 18% in 2020, and is expected to continue
rising. The rural population represents an outsized percentage of impoverished individuals. The rate
of unemployment before the COVID-19 pandemic was 19 %, including around 17% of men and 24 % of
women. At 36%, young women, most of whom hold university degrees, represent a large proportion
of the unemployed, versus just 19% of young men.*" Jordan's unemployment rate is forecasted to
increase as a result of COVID-19 and the effects of a national lockdown that greatly impedes the
tourism, informal labor, and small and medium-sized enterprise (SME) sectors, the latter comprising
approximately 95% of Jordan's private businesses.”? Jordan's Human Development Index rating
increased from 0.62 (medium development) in 1990 to 0.74 (high development) in 2015; the rating
has since declined slightly to 0.72 as of 2019 without changing category.®* Average household income
in urban areas is 20% higher than average rural household incomes.** International remittances
constitute an unusually high portion of income, particularly in rural areas.*

Around 97% of the population, including 92% of the rural population, has access to improved
drinking water, and nearly 99% of individuals across both urban and rural areas have sanitation
services.® As of 2012, 99.5% of all households hadelectricity access.”’ 5.7 % of households are estimated
to be vulnerable to food insecurity, and an additional 0.5% are categorized as food insecure.*® Jordan’s
Global Hunger Index rating is 11.7, where below 9.9 indicates low hunger and above 50 indicates
extremely high rates of hunger.®® About 8% of children under 5 years old suffer from stunting,
with a relatively minor rural-urban nutrition gap of 1.5%.%° Obesity affects around 35% of the adult
population.®

2.2 Climate, geography, and agroecological zones (AEZs)

The arid Arabian desert and the humid eastern Mediterranean both influence the climate in Jordan,
with the precipitation gradient running roughly from the east-northeast to the west-southwest
(Figure 2.1). Daily temperatures can exceed 40°C. Crops are generally grown during the winter, when
soil and surface water availability is greater. About 70% of annual rainfall occurs between November
and March, with the remaining 30% typically falling in April-May and September-October. June
through August generally see no rainfall. Precipitation is quite variable across years, seasons, and
days, and often concentrated in violent downpours that instigate local flooding and erosion. Water
availability for irrigation is mainly dependent on rainfall, and surface water in the Jordan River and
its tributaries, Yarmouk and Zarga. Aridity and water scarcity make Jordan highly sensitive to climate



hazards. Altitude varies from -400 to 1854 m. The country consists mainly of a plateau between 700
and 1,200 m above sea level, with mountains, valleys, and gorges. To the west of the plateau, land
descends from the East Bank of the Jordan Rift Valley, which is part of the Great Rift Valley.

Jordan is a country suffering from severe drought and water resources are the limiting factor of its
agricultural production systems. The country recognizes three AEZs. The first two are natural zones,
namely the rainfed AEZ that includes all areas that average at least 200 mm of rainfall annually, and
the agropastoral AEZ that is comprised of areas receiving less than 200 mm of rainfall annually. The
third one, the irrigated AEZ, has been “created” and includes all irrigated areas regardless of the
amount of rainfall they receive. In contrast to the national ecological system, Jordan's agroecological
system does not recognize any desert zones, since all areas receive a relatively sufficient rainfall to
develop rangeland.

Jordan's irrigated AEZ is the most productive one and mainly confined to the Jordan Valley, which
extends from the Dead Sea to the northern national border and includes portions of the highlands
and agropastoral areas. Elevation in this AEZ varies from 400 m below sea level to 700m above sea
level. The irrigated AEZ encompasses just 19% of the country’s total cultivated area, with the vast
remaining majority occurring in the rainfed AEZ. However, the irrigated AEZ consists primarily of high-
value crops, and is consequently by far the most important in terms of export and economic value.
The irrigated AEZ accounts for 32% of total national fruit production, specializing in lemons, oranges,
dates, and bananas; 60% of vegetable production, particularly tomatoes, squash, and eggplants; and
26% of field crop production, including wheat, maize, and clover.

Only about 8% of Jordanian territory receives more than 200 mm of rainfall annually. Of this, the
areas that are unirrigated constitute the rainfed AEZ.®* This AEZ is located primarily in the highlands.
Most rainfall occurs in winter, and while 200 mm is the lower boundary for this AEZ, large portions of
Jordan's rainfed area receive in excess of 350 mm annually. The rainfed AEZ area is four times larger
than the irrigated AEZ. Common agricultural systems include tree crops, particularly olives and stone
fruits; field crops, particularly barely, wheat, and clover; and vegetable crops, particularly tomatoes,
potatoes, and watermelons. Olive production is of particularimportance in the rainfed AEZ; two-thirds
of the national olive harvest comes from rainfed areas. The rugged terrain and erratic precipitation
patterns in the rainfed AEZ make it prone to considerable soil erosion during the rainy season. Most
farms, and particularly olive orchards, use terracing to minimize land degradation.

The agropastoral AEZ comprises about 90% of Jordanian territory and primarily supports livestock
production.® This arid AEZ stretches from central Jordan to the east and south and includes the Badia.
Vegetative cover and, concomitantly, pastoral community density, increases with latitude; about 70%
of the nation’s pastoral tribes live in the northern rangelands, and the remaining 30% are spread across
the central and southern regions of the AEZ.¢*Historically, Bedouin pastoralists were fully nomadic in
communal grazing regions called al dirah.® Today, over 59% of pastoralists are transhumant (semi-
mobile), and more than 30% are sedentary agro-pastoralists.® Although the agropastoral AEZ is not
considered suitable for agricultural activity, tree and field crops, particularly barley, are grown as
part of agropastoral systems in which flood irrigation is often used where local water harvesting or
groundwater pumping is feasible.®’
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Figure 2.1 Average rainfall distribution in Jordan®
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2.3 The importance of agriculture

Jordan's economy is one of the smallest in the Middle East, and is driven by services and industry.®®
The national GDP is over US$ 42,9 billion as of 2018, or approximately USS$ 4,240 per capita; this
classifies Jordan as a lower-middle income country.” Its GDP grew by an average of 6.5% from 2000
to 2009 before slowing to an average of 2.5% annual growth from 2010 to the present.”' Agriculture's
contribution to the GDP trended downward from around 13% in the 1970s to an all-time low of 2.7% in
2001. Since then, it has been steadily rising, and as of 2018 constituted about 5.6 % of the total national

GDP.”2

Jordan's agricultural system generally classifies agricultural products as livestock, field crops,
vegetables, and fruits. The livestock subsector dominates the vast agropastoral AEZ and is valued
at US$ 1.38 billion. Small ruminants, including about 3.4 million head sheep and 0.8 million head
goats, account for about 35% of this total; broilers and cattle milk are also highly valuable. In terms of

PAGE 30



crops, olives and barley occupy by far the greatest area, followed by wheat and tomatoes (Table 2.1).
Tomatoes are the largest crop by production volume, followed by cucumbers, potatoes, olives, and
citrus fruit. All these crops have shown decreasing production since 2016 except olives. Jordan harvests
around 150,000 MT to more than 300,000 MT of olives annually, almost exclusively in the rainfed AEZ;
the majority of them are processed into about 50,000 MT of olive oil per year.” These data are based
on the most recent agricultural census data which provide the most comprehensive set of data across
the sector.

Table 2.1 Major crops by area and volume in 20177

See Annex A.1 — A4 for additional detail

Crops

H

Hectares

T

Barley 56,458 48,954
Wheat 12,191 12,110
Clover 2,309 100,935
Chickpeas 464 1,509
Lentils 124 440
Tomatoes 12,195 690,477
Potatoes 4,008 155,639
Squash 2,757 72,091
Eggplants 1,964 65,319
Cucumbers 1,654 190,847
Olives 56,214 145,332
Citrus Fruit 6,421 108,385
Dates 3,223 25,419
Grapes 2,894 53,509
Peaches 2,750 69,473

Jordan is self-sufficient in olives, olive oil, tomatoes, goat meat, fresh milk, and eggs. Additionally,
it produces a significant portion of the poultry and some vegetables consumed domestically. In
contrast, local diets rely heavily on imported cereal, legumes, fruits, and some vegetables. Jordan
produces only about 3-4% of the wheat and barley it consumes. Nearly all barley is dedicated to
livestock feed.

Agriculture accounts for about 16 % of the total export (USS$ 1.2 billion) and 19% of total imports (US$
4 billion), making Jordan a net importer.”> Both imports and exports are highly diversified; the top
five exports account for just 6.2% of total export value, and the top five imports account for 5.3% of
import value.” Nevertheless, general trends indicate net imports of field crops, fruit, and value-added
agricultural products, and net exports of vegetables and raw livestock, including live sheep. The top
agricultural exports by value in 2017 included tomatoes, live sheep, peppers, livestock forage, and
cheese (Table 2.2), and the top imports were wheat, barley, oil cake, sheep and goat meat, and bovine
meat (Table 2.3).”7 Medjool dates have considerable export value per volume, although their total

contributions in terms of area, volume, and export remain small.
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Table 2.2 Major agricultural exports, 20177

See Annex A.2 — A5 for additional detail

Commodity ,000 USS MT unless otherwise noted
Tomatoes 223,054 282,271
Live sheep (number) 161,827 497,091 head
Peppers 56,068 47970
Livestock forage 36,395 30,857
Cheese 28,034 6,436
Squash 23,372 27,693
Sweet melon 15,034 35,417
Cucumbers 11,545 19,024
Watermelons 10,424 19,095
Poultry meat 9,998 5,034
Cauliflower 9,717 14,414
Eggs (number) 787 34,055,400 eggs

Table 2.3 Major agricultural imports, 20177

See Annex A.2 — A5 for additional detail

Commodity ,000 USS MT unless otherwise noted
Wheat 232,654 1,103,029
Barley 177,170 960,360
Oil cake 164,726 437,773
Sheep and goat meat 144,992 24,528
Bovine meat 133,118 33,090
Cheese 106,470 23,981
Powdered milk 100,544 31,203
Live sheep and goats 93,627 703,523 head
(number)

Poultry meat 92,072 59,636
Live bovine (number) 75,948 78,209 head
Apples 62,135 50,813
Fish 43,424 13,686
Chickpeas 43,383 37712
Bananas 25,520 32,236

2.4 Farmer livelihoods

The agricultural sector is increasingly productive in Jordan, and there are significant gender and
nationality disparities among agricultural employees. Of the approximately 107,700 farm operations
in Jordan, around 34% are less than 0.2 ha, and only 94 farms (0.09%) are larger than 200 ha (Table
2.4).% Agricultural productivity in Jordan has been on the rise thanks in part to increasing labor
productivity.® Agriculture employs 3.7% of the population; 1.7% of Jordanian nationals and 6.9% of
non-Jordanians. The livestock sub-sector employed a total of 50,300 individuals in 2017, composed
primarily of household members (69 %), followed by permanent employees (25%), casual employees
(5.2%), and finally seasonal employees (<1%).22 Among agricultural workers, non-Jordanians and
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women are most strongly represented among casual laborers, who dedicate less than 4 months
annually to agriculture. Non-Jordanian and Jordanian males are also strongly represented among
permanent agricultural employees (Table 2.5). Less than 1% of total agricultural workers nationwide
and about 2.3% of rural agricultural workers are women, but rural women often engage in unpaid
agricultural work, such as seeding, weeding, thinning, and harvesting. Women are also often
charged with post-harvest and value chain activities, such as sorting, grading, and bagging cereals,
as well as producing cheese, yogurt, and butter.®* Even though primary agriculture represents a
small share of formal employment, along with agro-processing it accounts for about 14% of formal
employment. Jobs are created not only in the production stage but also all along the value chain,
including in processing, packaging, distribution, and related sectors such as services, transport,
and communication. The agricultural sector also stimulates other economic sectors, including input
supplies, transport, food processing, logistics, and financial services, so agricultural growth can have
an economy-wide multiplier effect.

Table 2.4 Size distribution of farm holdings in 20172

Size (ha) Number Percentage
0-10.0 104,221 96.7%
10.1-200.0 3,392 31%
>200.0 94 0.1%
TOTAL 107,707 99.9%

Table 2.5 Number and percentage of agricultural employment by nationality and gender in 2017%¢

Type Non-Jordanian Non-Jordanian
(months) Women ‘ ‘ Women Men
Casual (0-4) 7,729 96% 25039  301% 6,776 8.4% 11,288 14.0% 50,832
Seasonal (4-8) 1,730 21% 3,292 41% 321 04% 978 1.2% 6,321
Permanent (>8) 158 0.2% 17,150 21.2% 176 0.2% 5,833 72% 23,677
TOTAL 9,617 1.9% 45,841 56.7% 7,273 9% 18,099 22.4% 80,830

2.5 Water use and allocation

Jordan’s extremely scarce water resources have heavily informed its national systems. The country
has always used its water resources extraordinarily judiciously; the country withdraws only a fraction
of the water supply its neighbours consume per capita (Figure 2.2). Jordan consumed around 100 m?
per capita in 2010, versus over 1,500 m?® per capita in the United States and around 900 m? per capita in
neighbouring Egypt, Saudi Arabia, and Syria.®” Even so, Jordan has managed to reduced its per capita
withdrawal by half over the past 40 years while still providing over 97% of its growing population
with improved drinking and sanitation services.® This is thanks in large part to Jordan’s innovative
leadership in the reuse of waste water; nearly 91% of treated waste water is reused for agriculture.®
The country is equally advanced in greenhouses, water conveyance, irrigation systems, and other
techniques for optimizing water-efficiency. A full 47% of the 310 million m?* of water dedicated to
irrigation annually is treated wastewater. As such, Jordan now allocates far less of its total water
withdrawals to agriculture than other middle-income or even high-income countries (Figure 2.3).
The agricultural sector consumes 40% of groundwater resources and 55% of surface water resources.
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Figure 2.2 Water withdrawal per capita®
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2.6 Greenhouse gas (GHG) emissions

The Jordanian energy sector produces the bulk of the nation's GHG emissions (73%), followed by
waste (13%) and industry (9%).°2 Jordan's agricultural sector produced about 1.15 MT of GHG CO:eq
in 2017. This represents both a decrease in total emissions since 2006 (1.32 MT COzeq or 4.6% of total
national emissions), as well as a 30% decrease in GHG intensity (MT/ha). Primary agricultural GHG
emissions sources include enteric fermentation, manure left in pasture, nitrous emissions from
agricultural soils, and secondary and tertiary emissions related to the agricultural sector, including



portions of value chains, processing and the associated electricity production, industry, and transport.**
The forestry sector reported 0.87 MT COzeq emissions in 2014 as a result of soil organic carbon loss in
the rangelands.® This phenomenon is closely linked with unsustainable livestock practices, including
overgrazing and the consequent land degradation. It represents an important area of mitigation
potential in Jordan's agropastoral systems.

2.7 The institutional setting

The MoA is the primary actor charged with developing the agricultural sector. The MoA's mandate,
including goals, rules, and responsibilities, is articulated in Agriculture Law 13 (2015). Within the MoA,
the Agricultural Credit Corporation is in charge of financing agricultural activities, and the NARC is
responsible for applied research.”® The Ministry of Environment oversees the legal framework around
climate change efforts, and the National Committee on Climate Change includes representatives
of various ministries, civil societies, private enterprises, and academic institutions.*® The Ministry of
Water and Irrigation is responsible for all water resources, including those dedicated to irrigation, and
supervises the Jordan Valley Authority, which oversees the irrigated AEZ. The Ministry of Water and
Irrigation also hosts the National Drought Committee, which remotely monitors drought conditions.”
The Ministry of Industry and Trade, the Ministry of Planning and International Collaboration, and the
Department of Statistics also interact with the agriculture sector in terms of their respective fields.*®
Several universities offer higher degrees and research programming in crop science, animal science,

and natural resource science.”

The private sector in Jordan has made important investments in date palms, but strong potential
remains for private-sector involvement in other areas, such as financial services. This sector includes
exporters, input traders, and farmer groups. Farmer groups are generally organized under five well-
developed associations: the Veterinary Association, the Agricultural Inputs Traders’ Association, the
Agricultural Outputs Traders' Association, the Agricultural Engineers’ Association, and the Vegetable
and Fruit Producers’ and Experts’ Association.® Nevertheless, private-sector activity in Jordan
remains far below potential. Activity in the rainfed AEZ is focused to olive oil production. Private-
sector engagement is somewhat higher in the irrigated AEZ and includes imported inputs such as
saplings, fertilizers, pesticides, seed varieties, equipment, and irrigation systems. Particularly high
opportunity for private-sector engagement exists in the realm of financial services; there is only one
agricultural credit institution in Jordan.™ There is also significant opportunity for the private sector
in poultry production, post-harvest management, value-addition, improved seeds and saplings,
irrigation technology, and research.® The massive population of highly educated unemployed
women represents huge potential for kick-starting Jordan's private sector economy.’®

Most non-profit activities in Jordan center around the Syrian humanitarian crisis. Nevertheless, the
country has received more than USS$ 100 million since 2015 for climate-change related programming
from World Bank, GEF-6, the Clean Technology Fund, the Green Climate Fund, and the Adaptation
Fund.® Most notable among the resulting initiatives is the "Increasing the resilience of poor and
vulnerable communities to climate change impacts in Jordan through implementing innovative
projects in water and agriculture in support of adaptation to climate change” project. This US$ 9.2
million initiative, approved in 2015, is funded by the Adaptation Fund and hosted by the Ministry of
Planning.'®®

Research is provided primarily by the MoA's NARC, while extension services - which used to be under

NARC - is now a department under the MoA directly.”® NARC's 8 regional centers and 13 research
stations operate across 10 departments, ranging from Horticulture to Bees and from Field Crops to
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Socioeconomic Studies.'” Water management is a strong focus of NARC's research. NARC interfaces
with farmers via service centers. The national extension has undergone multiple reforms over the past
30 years, and most recently has been struggling with the challenges of regional conflict and trade
blockages."® Farmers have also reported a shift from mentoring to monitoring of agricultural activity;
farmer unions have attempted to fill this gap with limited success.® Gender is an important aspect
of the extension system, particularly in light of the growing focus on social welfare and community-
based organizations.

The Jordan Valley Authority and the Water Authority of Jordan represent potentially valuable models
for expanding and improving extension services in Jordan. In addition to their primary focus on water
management, these self-governing groups of farmers also work together to provide extension and a
wide variety of other services to their members, including business start-up support and agricultural

road maintenance."

2.8 The policy context

Jordan’s National Economic Growth Plan has laid out several objectives in alignment with the
SDGs and Millennium Development Goals that hold great potential impact for rural agricultural
livelihoods. These include balancing production and consumption (SDG 12), doubling economic
growth and job opportunities (SDG 8), promoting industry and innovation (SDG 9), improving energy
security and affordability (SDG 7), and eliminating hunger (SDG 2) and poverty (SDG 1). Although the
impact of the Economic Growth Plan is not yet evident, Jordan has generally demonstrated strong
progress and expects to achieve SDG 2 by 2030. Nevertheless, the Syrian crisis, stagnating national
growth, the COVID-19 pandemic, and the concomitant increases in investment needs have posed
significant threats to continued progress toward these goals."

Jordan is party to the Paris Agreement, and submitted its NDCs in November 2016 detailing the
country'sintenttoreduce GHG emissions by 14 %, with 12.5% reduction conditional on international
financial support. ™ Jordan joined the NDC partnership in 2018, and in 2019 approved its NDC Action
Plan, led by the Ministry of Environment and the Secretary General of the Ministry of Planning and
International Cooperation. This action plan identifies priority areas for mitigation and adaptation. It
also sets objectives for transitioning to a low-carbon climate-resilient economy, including bolstering
the resilience of water resources and agriculture to climate change and mainstreaming climate
change in local and regional development planning. Jordan is also party to several regional strategies,
including the Arab Food Security Programme, Arabic Sustainable Agricultural Development, and the
Food Security Strategy for Arabic and African Countries.™

There is currently no comprehensive policy for the protection of natural resources in Jordan.™
Nevertheless, Jordan has historically been very active in international climate treaties, and the
country's national climate policies demonstrate generally good alignment with these international
commitments.”™ The National Climate Change Policy (2013-2020, slated to extend to 2030) is a key
piece of legislation that informs various subsequent strategies and plans for a climate-resilient, low-
carbon Jordan; the Third National Communication on Climate Change (2014) builds on the National
Climate Change Policy with specific objectives, proposed actions, and projected impacts."

The Green Growth National Action Plan also supports the NDC Action Plan and SDGs."” Additionally,
in 2016 the Jordan Ministry of Agriculture launched its third National Strategy for Agricultural
Development for 2016 to 2025 (updated to 2020-2025) as part of general national development



efforts under Jordan Vision 2025. The National Strategy for Agricultural Development aims to increase
agriculture’s share of the GDP from 5.6% to 6.5%, increase agriculture’s share of exports by from
16% to 21.3%, and increase irrigation efficiency by expanding the land area under drip irrigation and
hydroponics." The National Water Strategy 2016 — 2025 of the Jordan Ministry of Water and Irrigation
sets non-revenue water (NRW) rate reduction — that is, lowering the percentage of water that is lost
or unaccounted for in the system — as one of its highest priorities. Achievement of this goal would
strongly inform Jordan's continued resiliency in the face of extreme water scarcity." Other relevant
policies include the Special Programme for Food Security, the Forest Strategy, the National Strategy
and Action Plan to Combat Desertification, Comprehensive Food and Nutrition, Drought Mitigation,
Poverty Alleviation, and the National Agenda.'?

Jordan's national policy, however, does not a dequatrly support the sustainable growth of the
agricultural sector. Agricultural investment overall is about half that of the regional average.™
Irrigation water and pumping are incentivized, and the import tariff scheme encourages domestic
production of crops that require significant water resources.”? For example, barley imports have been
subsidized for decades, discouraging domestic production and inflating the livestock sector beyond
sustainable rangelands’ carrying capacity.’”® Most land is public, and land partitioning legislation
has led to significant fragmentation of privately owned land.” The country’s overall Ease of Doing
Business score for all sectors sat at 69.0/100 in 2020, versus Israel's 76.7, Saudi Arabia’s 71.6, and Egypt's
60.1."% This represents an 8 point increase from 2019.

2.9 Challenges in the agricultural sector

Jordan'’s agricultural sector is facing growing challenges as population pressures increase, including
() production area, (i) self-sufficiency and trade, (iii) natural resources, and (iv) the enabling

environment.”?

Production area

Crop production area in Jordan has been extraordinarily volatile over the past 40 years, varying from
11,270 km? in 1980 through peaks and valleys to an all-time low of 9,633 km? in 2007, and back up
10,670 km? as of 2016.”7 These drastic changes from one year to the next are associated with extreme
annual variations in rainfall, and had an outsized impact in the rainfed AEZ, including the Amman,
Balga, and Irbid governates. Land fragmentation, which changes and limits potential land uses, may
be one contributing factors to these fluctuations.””® Low land tenure, which tend to stabilize land use
patterns, and large influxes of refugees in need of settlement space may also be important factors.
Such extreme variation in production implies inconsistent impacts across crop types; for example,
the total area under vegetable production increased by over 10% between 1975 and 2007, the year in
which total crop area hit an all-time low. By contrast, the area under barley production dropped by
59% from 2016 to 2017 alone, and wheat and legumes (including beans, chickpeas, and lentils) also
saw decreases.” Such drastic changes in productivity have important implications for domestic food
security and international trade.

Self-sufficiency and trade

Jordan depends heavily on imports for its staple foods, and import value exceeds exports by
threefold.” Despite governmental efforts to build and maintain strategic stock and general storage
facilities, the country has not and may not achieve self-sufficiency in wheat and barley, its two primary
grain crops. This has been further exacerbated by a substantial increase in cereal as a portion of total
food consumed since 2014.%' At the same time, import prices have increased steadily as a result of
various factors, including reduced trade routes, rising demand, high production costs, high import
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tariffs, the strong purchasing power of Gulf Cooperation Council visitors, and Jordanians receiving
remittances from abroad.”? Remittances source primarily from Gulf Cooperation Council countries,
and comprised around 11% of the national GDP as of 2017.%

In addition, various regional and national factors have kept import and export trends in significant
flux. Jordanian fruit and vegetable exports to Syria fell by more than 50% from 2011 to 2013, and the
ISIL presence in Iraq caused a loss of more than 75% in exports to Iraq from 2011 to 2017. These regional
crises also created opportunities for Jordan to occupy export marketed previously held by Syria and
Iraq; thanks to a rapid re-orientation, total agricultural exports from Jordan to Gulf countries more
than doubled from 2011 to 2017.** At the same time, refrigerated transport, post-harvest facilities, and
airfreight options, which were already costly and disjointed, have been further weakened by the Syrian
and lIraqi crises. This, along with a significant influx of refugees, robust national population growth,
highly variable production, low crop diversification, inadequate food safety standards, and loss of
productive land area, have certainly contributed to the expanding export-to-import gap ratio. The
COVID-19 pandemic has entrenched and exacerbated existing trade challenges.™®

Natural resources

Jordan is ranked among the most water-scarce countries globally, along with nearly all its
neighbours.™ About 92.5% of Jordan's rainfall evaporates - this includes transpiration in rainfed and
rangeland areas (green water); 5% recharges the groundwater, and 2.5% runs off to bodies of water.
Jordan residents currently have access to an average of 61 litres/capita/day, with consumption rates
ranging from 25 litres/capita/day in informal settlements to around 66 litres/capita/day in urbanized
areas. These figures represent a significant reduction in water access since the beginning of the
Syrian refugee crisis. Per capita water access could be significantly higher in Jordan; as of 2015, NRW
rates in Jordan were around 65 litres/capita/day, which exceeded water provision. Only two thirds of
groundwater withdrawal were safe yield, with the remainder exceeding natural recharge rates to tap
non-renewable resources.® National water shortages averaged around 853 million m3 annually as
of 2010. Demand is expected to increase by more than 26% by 2025 and reach an estimated 2,276
million m3 annually by 2040.° These figures imply an annual shortage of around 2,088 million m3 by
2040. Similar shortages are expected in the broader global region, largely eliminating the potential
for water import and increasing the likelihood of water conflict.*® Both water requirements and
shortages would be significantly less without climate change. Treated wastewater will continue to
provide significant opportunities to reduce the water shortage; the wastewater system generated
about 140 million m?in 2015, and as improved sanitation continues to expand, is expected to produce
about 240 million m? annually by 2025. There are, nevertheless, health and quality concerns in using
treated wastewater."?

Loss of vegetative cover is accelerating land degradation and desertification in Jordan. Besides
overgrazing by livestock, land clearing associated with urbanization and quarrying is the most
apparent driver of vegetation removal, and also catalyses erosion. Increasing climate variability, and
particularly droughts and floods, exacerbate the loss of soil and vegetation. The increasingly frequent
transport of livestock in vehicles on unpaved roads also contributes to this phenomenon. Excessive
groundwater pumping and the associated salinization of groundwater further aggravates natural
resource degradation in Jordan.'

The enabling environment

CSA in Jordan is challenged by a dearth of funding and weak institutional coordination among
ministries and between the public and private sectors.** There are many public institutions charged
with different aspects of the agricultural sector, and duplication, interference, and even policy conflicts



frequently arise. The government needs a clear and well-coordinated policy approach incorporating
food production, imports, and subsidies, among other key factors, to ensure Jordan's food system
becomes and remains fit to endure repercussions of climate change and global emergencies. Similarly,
there is a lack of comprehensive policy and planning for the protection of resources. Jordan’s public
spending on agriculture is far lower than that of most countries; Jordan's agricultural investment ratio
hit an all-time low in 2010, and remains about half the regional average.”s Despite declining public
funds (and hence a growing plausible impact of private-sector investment), the potential role of the
private sector and communities in rural development, innovation, finance, and resource management
is systematically underestimated, and there is little or no engagement between public and private
institutions. The government'’s Agricultural Council has aimed to coordinate public-private sector
work with limited success."¢

The Jordanian regulatory environment is particularly distortionary in terms of the ease of doing
business. It generally inhibits business, particularly small businesses, foreign businesses, and women-
led businesses."” Private-sector agricultural finance especially is compromised by current policy and
remains virtually non-existent in the country. Along with weak land tenure, this dearth of financial
services places extreme restrictions on opportunity for agricultural sector growth. The Syrian refugee
crises and the COVID-19 pandemic have exacerbated this situation even further.*® Concomitantly, the
Jordanian government does not leverage the private sector’s potential for addressing national issues
such as water scarcity, food security, and climate resiliency.”?
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Chapter

Climate change and Jordanian
agriculture

Highlights

+ By 2030 temperatures are projected to increase 1-2°C and there will be a significant increase in
the number of crop heat stress days throughout Jordan.

+ Precipitation reductions of approximately 10% will be seen throughout the country by 2030,
with the largest precipitation reductions occurring in the more fertile areas of the Jordan Valley
and the rainfed zone.

+ These changes will likely have negative effects on crop production by decreasing irrigation
water availability and diminishing the suitability of key crops, such as potatoes.

+ Crops such as wheat and barley, which are essential to sustaining livelihoods in rainfed and
agropastoral zones, are and will remain only marginally adapted to Jordan's climate.

+ Olives will remain suitable, while desert-adapted date palms are expected to increase in
suitability, therefore creating a potential high-value market opportunity.

« Virtually all the agropastoral areas of Jordan will experience moderate livestock heat stress by
2030.

3.1 Climate impacts on agriculture to date

The degradation of Jordan's drylands is accelerated by climate change. There has been a steady
decline in average annual rainfall across West Asia for the past several decades.™ Future climate
modelling indicates (i) further decreases in total precipitation, (ii) increasingly unpredictable and
heterogeneous precipitation across the landscape, (iii) an increase in average temperatures of up to

PAGE 41



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

PAGE 42

4°C, (iv) increased rates of drought occurrence, length, and severity, and (v) more frequent extreme
events, such as cyclones.™

The combination of declining average seasonal rainfall with increasing rainstorm intensity implies
fewer and heavier rainstorms. This in turn creates conditions for greater frequency and severity of
both major floods and droughts. Droughts of similar severity to the 1998-2000 drought, wherein 90%
of the weather stations nationwide recorded severe or extreme drought, may double in frequency
over the next 75 years.®? Each one of these could be expected to bring the severe economic,
environmental, and social losses commensurate with or greater than those of the 1998-2000 period.
The resulting degradation of natural resources and agricultural losses could have grave implications
for the national economy and food and nutritional security.

Decreased precipitation, increased temperatures, and more extreme drought conditions in tandem
will markedly augment evapotranspiration and, consequently, plantwater demands. This will increase
Jordanian irrigated agriculture water demand by 5 to 20% by the 2070s.™ Higher temperatures may
also accelerate crop phenological phases, leading to reduced pollen viability, fertilization, grain filling,
and fruit development, and crop yield loss.™ These effects would have an outsized impact on Jordan's
rainfed staple crops, including barley and wheat.™ Indeed, an increase in average temperatures of
just 2°C could decrease wheat production by around 10%."¢ The likelihood of crop failure will also rise,
particularly when drought occurs during sensitive stages of crop development, such as the tillering
and stem elongation periods of cereals.” Increased heat stress and extreme weather conditions may
also limit the reproductive performance and increase the diseases and parasitic infection rates in
livestock.™®

Occasionally, high pressure systems can lead to very cold conditions during specific parts of
wintertime and cause widespread frost, affecting crops and fruit trees in the Jordan Valley and
the highlands. Frost occurrence and impact are worst in the Joran Valley area as winter crops in the
highlands are generally tolerant to frosts. The predictability of these weather systems and hence of
frost is limited at seasonal to multi-decadal timescales. Hence, it is not possible to predict how frost
dynamics in Jordan may change as a result of climate change. Nevertheless, these weather systems
that lead to frost will keep occurring, although with changed intensity and frequency. Especially in the
Jordan Valley, frost will remain a problem.™

3.2 Climate projections and risk

We assessed climate change in Jordan by first analyzing historical and projected changes in
climatological mean temperature and precipitation. Historical climate trends since the 1960s indicate
that annual maximum temperatures have increased by 0.3-1.8 °C, whereas minimum temperature
have increased in the range 0.4-2.8 °C across the country (Figure 3.1). According to historical
observations, there has been a decline in annual precipitation of about 5-20% across Jordan (6-27
mm per decade).®® See Annex B for climate projections and risk methodology.



Figure 3.1 Annual mean temperature in Jordan™

Dark blue represents the coolest relative temperatures, dark red indicates the highest relative temperatures.
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Total annual rainfall is projected to decline in the future. Climate models from the Coupled
Model Intercomparison Project Phase 5 (CMIP5) ensemble project changes of precipitation in the
future, with a decline of 6%, 11.5%, and 19% by 2030, 2050, and 2070, respectively (RCP 8.5, Figure
3.2). The whole country is expected to experience a decrease of precipitation. The northern region
(12.5%) and King's Highway (10.4%) are projected to experience the largest precipitation declines by
2030. Projected rainfall decreases in the Eastern and Southern desert are 9.4% and 3.1%, respectively.
Jordan’s Eastern and Southern Desert regions (primarily rangelands) are likely to experience more
warming than the Northern region and the King's Highway (mostly rainfed and irrigated agriculture).

Figure 3.2 Projected changes in annual mean temperature and precipitation in Jordan
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3.3 Climate hazards

Here the occurrence and severity of physical climate hazards were assessed for the three AEZs of
Jordan. Jordan is one of the driest and most arid countries in the Middle East. It is characterized
by very low annual rainfall and hot summer temperatures. Minimum temperatures over the winter
season can be as low as 5°C, whereas maximum temperatures over summer can reach more than
40°C. We present the analysis focusing only on Representative Concentration Pathway (RCP) 8.5, the
high emissions trajectory, since it is the most consistent with the current observed global emissions
trajectory, and because differences with other RCPs are negligible by 2030.%? We focus on 2030 since
itis an adequate near-term target for adaptation planning purposes.

The climate hazards that are detrimental to agriculture include soil moisture stress with long dry
spells and heat stress, both in terms of frequency and duration. These affect crops, livestock, and
human labor, and therefore hinder agricultural production and development both directly and
indirectly. The direct effects are mediated through physiological crop, pasture, and livestock responses
to both heat and drought stress. The indirect effects manifest in many forms such as higher salinity;
increased crop water needs, and hence declining ground water resources; the emergence of pests
and diseases; and many other processes with feedback relationships.

The irrigated AEZ experiences a substantial number of hot days as well as long hot spells that affect
a variety of fruits and vegetables grown in this area, including potatoes — a staple crop for Jordan.
The average intensity of the wettest week, measured as the maximum amount of precipitation over
a five-day period (P5D) for a season of interest, is relatively low both currently and in the future,
suggesting that flooding is not an important hazard in Jordan. On the contrary, historically, there are
instances when crops experienced many days with supra-optimal temperatures across the irrigated
Jordan valley.

Tomatoes and date palms are two important food and cash crops in the irrigated AEZ. According to
existing data, tomatoes have an upper optimum temperature of 27°C, whereas date palms grow well
in temperatures of up to 45°C.** Data analysis indicates that date palm trees do not experience any
heat stress throughout the year. Date palms can better tolerate very hot conditions, and though they
are perennial and hence exposed to summer temperatures, our analysis shows that temperatures
never exceed 45°Cin summerin theirrigated AEZ. Hence, date palm cultivation, based on our analysis,
is not expected to experience negative impacts from higher temperatures. Currently and under future
scenarios, however, tomatoes likely experience at least 20-60 heat stress days distributed both at
the start (October—November) and towards the end (March—April) of the rainy season. Hence, crops
planted very early or very late could experience significant heat stress.

Future climate projections indicate that potatoes will be acutely affected by the increasing number
of hot days in the growing season as well as by the increasing hot spells. Potatoes have a maximum
optimum temperature of 17.8 °C.'** On average, the winter season experiences around 70 hot days for
potatoes, ranging from 50 to 100. These are concentrated especially towards tuber filling and harvest,
around spring (Figure 3.3). Climate projections indicate that by 2030s, there could be an additional 10
hot days during the growing season. Many of these hot days occur toward spring, when potato crops
are still in the field. Without adaptation, warm temperatures may dramatically reduce tuber formation
and tuber weight. Similar results were projected for long hot spells. Hot spells can be on average up



to 60 days long for potatoes and are projected to become on average ~10 days longer. Long hot spells

can cause heat damage to potatoes and reduce tuber yield.

Figure 3.3 Historical and future projected trends of heat stress for tomatoes (top) and potatoes (bottom)
for RCP 8.5

WTTamato (days)
P

Mumbor of days with tempenatures aboe 270 (lomabo-relevant threshoid)

s
=

20

MTPaotato (days)

1985

Year

1986 2008 2018 2026 2075
Year

Mumber of days with lemporaiures abowe 17 .6°C (potalo-rolovant threshoid

2048

1985

Year

1996 2006 2018 2026 2036
Year

2046

Moisture stress is an important hazard in the rainfed AEZ, where key crops such as potatoes, wheat,

barley, and olives can experience wilting due to low moisture levels in the growing season. Previous

studies have reported an increase in drought stress and hence of irrigation water requirements for

olive-suitable areas in Jordan."s Historically the country has a high number of days with moisture

stress in the growing season of rainfed areas (winter), and this trend is likely to continue until 2050

(Figure 3.4). Whereas the more fertile Jordan Valley shows a moderate-to-high number of water stress

days (on average 90-100 days), the highland areas, especially towards the south, can be extremely

dry, with almost the entire winter season experiencing soil moisture stress. Future climate projections

indicate that the number of water stress days will increase by an average of 2-8 days, depending on

the specific location and the climate change scenario or RCP.
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Figure 3.4 Historical and future occurrence and geographic distribution of moisture stress in the rainfed
AEZ for RCP 8.5
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Heat stress is also a major hazard across the rainfed AEZ, affecting crop growth. Figure 3.5 shows

the increasing number of days with heat stress for wheat. The results for barley are similar, since the
optimal temperatures for barley are similar to those of wheat (~20°C). For potatoes, on the other
hand, there are generally a greater number of days with heat stress across the AEZ. For olives, for
which the reported upper-bound temperature is 34°C, heat stress during the winter season is not of
concern, though the perennial nature of the crop means that it is exposed to summer temperatures.
During the summer, olives can be exposed to high temperatures upwards of 35°C, though these
conditions do not lead to any negative impacts.'® A potential concern for olives, which we did not
assess here, pertains to the systematic advancement of flowering, which might expose flower buds
and flowers to high temperatures and hence decrease yield or fruit quality, even while the vegetative
part of the crop continues to grow optimally. Previous studies suggest that flowering could occur up
to 10 days earlier in Jordan, and this could reduce crop yield and farmer profits."” A second potential
concern for olives is the prevalence of pests, and especially of the olive fly. In Jordan, however, the
prevalence of the olive fly seems not to increase under future climate scenarios.'®®

For wheat, barley, and potatoes, supra-optimal temperatures are a hazard throughout the entire
rainfed areas with 20-50 hot days on average for wheat and barley, and around 40-90 for potatoes
during the winter season. Lower-elevation areas show the greatest exposure to heat stress, with as
many as 50 days reaching hot temperatures for wheat and barley, and as many as 80 for potatoes.
These heat stress days are typically concentrated towards spring, when grain filling and maturity
occur for wheat and barley. These supra-optimal temperatures can accelerate crop senescence,
reduce grain filling rates, and generally lower field crop productivity.®® Future projections indicate
that, on average, by the 2030s, crops could experience an additional 3-12 days with supra-optimal
temperatures. Results also indicate relatively lengthy heat spells that are projected to increase in
future climate scenarios.



Figure 3.5 Historical and future occurrence and geographic distribution of wheat heat stress in the

rainfed AEZ for RCP 8.5
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In general, for both the irrigated and the rainfed AEZs, warming and drought stress can severely
impact agricultural production. Temperatures, especially during spring, are already supra-optimal for
wheat and potato growth on many days. Changes in the physical climate likely imply yield reductions,
which are particularly worrisome for staple crops such as wheat and barley in rainfed areas. Some of
these results have been reported previously, including by the Intergovernmental Panel on Climate
Change (IPCC)."™ Jordan's barley yield may undergo reductions in the range of 25-50% by 2050,
depending on the climate scenario used, with such reductions linked to declining precipitation
and the co-occurrence during the reproductive period of many hot days (>34 °C).”" Similar results
are probable for winter wheat, with yield reductions of up to 40% by 2050.7 Without adaptation,
these projected changes and impacts are likely to reduce food availability and, for barley, also feed

availability for livestock, thus leading to major impacts on agricultural livelihoods in Jordan.

The rangelands, or agropastoral AEZ (Badia), take up the vast majority of Jordan’s land area. Jordan's
rangelands are the driest and hottest areas of the country. The wet winter season is very dry, averaging
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25 mm or less of rain per month and many moisture stress days (Figure 3.6, top). The summer is also
dry, with no rainfall and many days (up to 60-80) with temperatures above 37°C, a threshold chosen
to indicate livestock and human discomfort from heat (Figure 3.6, bottom). In the rangelands, rainfall
is hardly enough to grow any crops, and livelihoods are primarily supported by livestock production.
Indeed, the major economic use of the Badaia is pastoralism, and the most common animals herded
are goats and sheep.” This livestock is raised on crop-residue, planted fodder, and grain-based
systems with the rangeland contributing one to two months of livestock feeding per year.

The extent and intensity of water stress in the rangelands will remain severe throughout the entire
agropastoral AEZ. Future climate projections indicate that the wetter areas will become generally drier,
with an average 2-10 more moisture-stressed days in winter. Dry areas are projected to experience
slightly less water stress. While winters are projected to also become hotter in the future, heat stress is
a greater problem in the summer, where there are currently up to 80 days on average in some areas
with temperatures above 37°C. These temperatures can hinder livestock productivity, and also affect
human labor.” These stresses put the livestock sector at risk in terms of available grazing area and

fodder. Currently, the livestock sector is already experiencing shortage of feeds, and climate change
is projected to exacerbate this situation.

Figure 3.6 Soil moisture stress during the cool, wet winter season and heat stress during the hot, dry
summer season for historical and future scenarios (2030s, RCP8.5)
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Generally, the findings reported here indicate that Jordan is projected to become hotter and drier.
The picture for Jordan is thus one of major challenges for agriculture and livestock production in the
2030s, and likely thereafter. These results generally agree with experts’ perceptions of important risks



(see Chapter 5, Figure 5.1), whereby heat and drought stress, including drought spells, water stress,
and changing rainfall patterns, are identified as a risk by around 50% of respondents. Whereas other
risks exist and were highlighted by experts, especially in relation to salinization and pests and diseases
in irrigated areas, those were not assessed in our modelling work.

3.4 Climate change impacts on crop and livestock production

We modeled the suitability of important crops for the different AEZ. For the irrigated AEZ we
modeled tomatoes, potatoes, and date palms; for the rainfed AEZ we analyzed potatoes, wheat,
barley, and olives; and for the agropastoral AEZ we only analyzed barley. Crop parameters used are
shown in Table 3.1, taken either from the Food and Agriculture Organization of the United Nations
(FAO) EcoCrop database or from existing literature.”

Table 3.1 Crop ecological parameters used for the EcoCrop suitability model analysis

Crop Growing T(I,(ill ‘ TLnin ‘ Toemin Toemax Tr:\ax Rmin ‘ Ropmin | Ropmax
season °C) (°C) (o)) (o)) (o)) (mm) (mm) (mm)

Potatoes Oct-Mar -0.8 3.8 124 17.8 24 150 251 326 785
Tomatoes Oct-Mar 0 7 20 27 35 400 600 1300 1800
Date All year -4 5 15 45 52 100 500 2500 3500
palms

Olives All year 0 5 20 34 40 200 400 700 1200
Wheat Oct—Mar 0 5 15 23 27 300 750 900 1600
Barley Oct-Mar -4 2 15 20 40 200 500 1000 2000

*Tkill: crop’s cold killing temperature; Tmin: minimum temperature at which the crop grows; Topmin: minimum optimum temperature for crop
growth; Topmax: maximum optimum suitability for crop growth; Tmax: maximum temperature for crop growth; Rmin: minimum rainfall required
to sustain crop growth; Ropmin: minimum optimum rainfall for crop growth; Ropmax: maximum optimum rainfall for crop growth; and Rmax:
maximum rainfall level at which the crop will grow.

For irrigated areas, results suggest that by 2030s, potatoes will become less suitable, whereas
the suitability of tomatoes will increase (Figure 3.7). Potatoes are relatively heat-sensitive, and
projected temperature increases by 2030s in the range 1-2°C, along with the significant increases in
temperatures especially during the spring and autumn, mean that potatoes are likely to experience
reduced suitability.” These changes can also potentially affect yield. Furthermore, although not
assessed here, further warming, e.g., in the range of 2.5-3.5 °C by the 2050s, may lead to even greater
suitability loss. According to EcoCrop model simulations, tomatoes are currently marginally suitable
because temperatures are on average low in the middle of the winter months. Moderate warming is
projected to increase tomato suitability from marginal to moderately suitable, representing continued
opportunities for tomato cultivation under irrigation in Jordan.

Suitability model outputs for date palms (Fig. 3.8) indicate that, under irrigated systems, date palms
either maintain their current levels of suitability, or, in the southern part of the Jordan Valley, their
suitability increases from suitable to highly suitable. This result is partly due to the adaptation of date
palms to hot and dry climates, but also due to the fact that these systems are irrigated and that our
analysis assumes that irrigation water availability is not a constraint currently or in the future.
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Figure 3.7: Potato and tomato suitability in the irrigated AEZ for historical and future scenarios (2030, RCP

8.5)
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Figure 3.8: Date palm suitability in the irrigated AEZ for historical and future scenarios (2030, RCP 8.5)
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In the rainfed AEZ, wheat remains marginal and potatoes experience reduced suitability (Figure 3.9),
while olive will remain suitable (Figure 3.10). For potatoes, these reductions are larger compared to
the irrigated AEZ because of the projected decreases in seasonal rainfall during winter combined with
numerous hot days during spring. Warming may make earlier planting in winter possible, offsetting
some of the negative impacts observed here. Model results indicate that olives are moderately
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suitable in part of the rainfed zone (Fig. 3.10), and future projections suggest that the crop will remain
suitable in 2030, though yield reductions may still occur in certain areas.” Investing in CSA practices
that support wheat, olive, and potato production in the rainfed zone will be required to adapt to these

changes.

Figure 3.9 Wheat and potato suitability in Jordan for historical and future scenarios (2030, RCP 8.5)
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Areas in the east of the rainfed AEZ and the agropastoral AEZ remain either marginally or moderately
suitable, given the scarcity of rainfall water and the high temperatures. In the west of the rainfed
zone, crop distribution models show that the suitable area for barley will marginally increase (Figure
3.10). The rangeland is in fact hardly suitable for barley or any other of the crops analyzed here. Like
any other grain crop, barley's limiting factor is water. Although, planting barley is not advised under

rangeland conditions given the years of below-average rainfall,”® water harvesting techniques can

substantially increase productivity. Besides the potential impact of climate change on crops, direct

physiological effects from heat stress for livestock are also expected (Fig. 3.11).
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Figure 3.10 Barley and olive suitability in Jordan for historical and future scenarios (2030, RCP 8.5)
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Figure 3.11 Thermal humidity index for cattle presented as average of the 12 months of the year (left) and
for the warmest month of the year (right) (2030, RCP 8.5)

Average heat exposure Maximum heat exposure

" | Mo stress
Mild
_.’I Moderate
B severe

PAGE 52



Covering a relatively wide range of key crops for the three AEZs of Jordan, our suitability analysis
indicates that there will likely be "winners"” and “losers"”, with rainfed agriculture and rangeland
production taking the hardest hit. To better understand some of these climate impacts, we underscore
the importance of conducting more comprehensive assessments that evaluate crop productivity
using process-based models.” Furthermore, we have focused here on a relatively near time horizon
(2030) because it is appropriate for adaptation planning. Many of the impacts identified here will
likely worsen later in the century, as temperatures reach even more dangerous levels for crops and
livestock

The impacts of climate change on agriculture in Jordan also include yield and crop losses due to
less rainfall, reduced water available for irrigation, and increased water demand because of rising
temperatures, shortened growing seasons, and desertification. These impacts are particularly
relevant given that 65% of the country’s harvest is grown under irrigation. Jordan's staple cereals,
wheat and barley, are very sensitive to changes in climate. Barley yield is expected to decrease 25-
50% by 2050 in Jordan due to increasing temperatures and reduced rainfall, which would have a
significant impact on the availability of livestock feed. Declining rainfall and increasing temperatures
will also continue to diminish water and pastureland for livestock.”® Such marked reductions in crop
and livestock productivity could further increase the country’s reliance on imports and further reduce
food security (see Chapter 4 on economic analysis for additional detail).
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Chapter

Economic impact analysis

Highlights

+ The International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT)
simultaneously considers climate, socioeconomic, and crop scenarios to characterize each
crop's response to climate change in terms of its performance in local and global markets.

+ The model assumes an adequate supply of irrigation water, which in reality is expected to
decline in the near future — a factor to take into account when interpreting the results.

+ The yield of barley, tropical fruits, vegetables, and wheat is predicted to increase despite
climate change.

+ The area under crop cultivation increases slightly by 2050, while production increases more
sharply. As such, competition for land among the different crops will likely heighten.

+ Livestock numbers remain stable under climate change by 2050, and may prove essential to
ensuring food security; the prices of lamb and dairy are projected to increase minimally by
2050 under all scenarios.

+ Vegetables yields and prices will increase, thus decreasing overall food availability and
increasing export; the impact on domestic consumption should be minimal.

+ Potatoes, a regionally important crop, will see decreases inyield, area, availability, and demand,
and production prices will rise by 2050.

« Jordan is expected to become more import-dependent, with 6 of the 8 regionally important
commaodities tending towards increased imports between now and 2050.

+ Increased investment in climate-smart agriculture (CSA) would support both increased yields
and water productivity, thus bolstering national food sovereignty and export within the abiotic
boundaries of Jordan's natural resources.
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4.1 Economic impacts of climate change

The economic analysis presented here uses the International Model for Policy Analysis of Agricultural
Commodities and Trade (IMPACT), an exploratory tool for assessing linkages between agricultural
policy, climate change, and technologies in agricultural systems.” The IMPACT is scenario-driven
in that different parameters may be specified using different scenarios (see also Annex C, including
Table C.1.). The basis of the scenarios presented in this chapter is Shared Socioeconomic Pathway 2
(SSP2), a progression of population growth and changes in income that is widely seen as a “business-

|u

as-usual” scenario in that its characterization of socioeconomic trends is consistent with current

global trajectories (less perturbations from COVID-19).

Model results are aggregated at the country level for a wide range of parameters such as price,
food security, area, yield, and demand. Collectively, model results simultaneously consider climate,
socioeconomic, and crop scenarios. With these results, we can illustrate potential regional differences
in the impact of climate change and related policies and technologies both on local crops and on the
same crops and their substitutes and complements traded at the global scale.

For the purposes of this study, we identify regionally important crops and the corresponding
production systems based on criteria such as the nutritional value of the commaodity, its economic
value, and the area under production. For Jordan, a series of priority crops were identified, some
modeled directly as part of the IMPACT methodology and others more generally represented under
broader groupings of non-specific crops. In IMPACT, approximately 60 different commodities are
represented with varying levels of fidelity. The list of priority crops that can be modeled in IMPACT is
included in Annex C, Table C.2.

Key priority commodities for Jordan include vegetables, potatoes, barley and wheat, date palm and
olive, as well as lamb, poultry and dairy. Eggplants, cucumbers, tomatoes, squash, and peppers are
regionally important crops and are modeled under the category of vegetables. Dates are modeled
under tropical fruits. Olives are a regionally important crop but are not modeled in IMPACT, neither
as a specific category nor under a broader category. IMPACT does not currently include a dynamic
livestock model, and model results thus serve as an indication of possible changes in the production
of meat rather than as a precise response of animal models. Barley, potatoes, and wheat, on the
other hand, are modeled using process-based crop models to simulate their responses relative to an
ensemble of expected future climates.

Key supply-side variables relevant to Jordan's crops, livestock, and commodities include yield, area
harvested, and numbers of animals. Other important variables are the price of commodities and
local and international trade. Any of these variables has the potential to grow or shrink over time
depending on factors such as the influence of climate, international markets, and internal investment
in agriculture.

4.2 Changes in yield, area, production, and animal numbers

IMPACT characterizes each crop’s response to climate change relative to its performance in its local
economic context and, simultaneously, how it is faring in the global market. Thus, when IMPACT

reports that a crop is expected to perform better or worse in the future, that projection takes into



account not only the local impact of climate change on the crop and the corresponding yield but
also, how the same crop is responding worldwide. Thus, for crops that perform well in the Jordanian
context, Jordan has a comparative advantage relative to other producers of the same commaodity.

Except for potatoes, all the selected crops experience a relative increase in yield, which is defined as
production per unit of area, under conditions of climate change (CC). That is, yields improve when
considering the relative productivity of these crops as compared to other local crops, as well as how
these crops perform in the global marketplace. Factors that may influence yield include additional
investment, better input prices, and expected increases in productivity through either genetic gains or
improved agronomic practices.'®? By 2050, increases in yield tend to range between 10-20 percentage
points (Table 4.1). The difference between RCP4.5 and RCP8.5 is minimal, with impact under the two
carbon concentration pathways differing by less than 1 percentage point.

Table 4.1 The impact on yield of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC scenario by 2050

RCP8.5 impact

CCRCP 4.5 RCP4.5 impact CCRCP 8.5

Commodity 2020-2050 (%) | (percentage points) | 2020-2050 (%) (pe;rgfnnttse;ge

Barley 62.1 78.6 16.5 78.8 16.7
Potato 25.8 19.7 61 137 121
Tropical fruit 50.3 63.8 135 63.0 2.7
Vegetables 49.5 62.1 127 61.4 1.9
Wheat 772 96.4 19.2 971 19.9

The area under cultivation for the key crops (see Chapter 2, Table 2.1 for an overview) is projected to
remain relatively stable under conditions of climate change (Table 4.2). Barley and potatoes show
lost area under CC compared to no climate change (NoCC), while vegetables and wheat see modest
increases in area, and tropical fruit a slightly higher increase. Once again, the difference between the
two climate scenarios appears to lack a clear signal. Overall, increases in area under scenarios of both
CC and NoCC are less accentuated than increases in production, as evident in both RCP4.5 (Figure
4.1) and RCP8.5 (Figure 4.2).

Table 4.2 The impact on area of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC by 2050

RCP8.5 impact

. CCRCP 4.5 RCP4.5 impact CCRCP 8.5
Ganieely; 2020-2050 (%)  (percentage points) = 2020-2050 (%) (p‘;rgfnr;ts";ge
Barley 9.6 7.9 -17 8 -1.6
Potato 1.7 -0.6 -23 -2 -37
Tropical fruit 13.9 187 4.8 187 4.8
Vegetables 30 325 26 32.3 24

Wheat 12.9 14.7 1.8 15.8 2.9
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Figure 4.1: The impact of CC RCP4.5 on yield, area, and production of crops by 2050
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Figure 4.2: The impact of CC RCP8.5 on yield, area, and production of crops by 2050
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The projection that the area of land under cultivation will not increase at the same rate as production
indicates that agricultural practices will intensify through improved practices and technology
rather than by using more land (Table 4.3). Though small, there will be an increase in the area under
cultivation for tropical fruits, vegetables, and wheat, which may drive competition for land in a country
that already has limited arable land.

Production is projected to increase under both CC scenarios for barley, tropical fruit, vegetables,

and wheat. Negligible increases are expected for dairy, poultry, and relative decreases in production
are expected for potatoes and lamb under conditions of climate change.
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Table 4.3: The impact on production of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC by 2050

Commodity N(t:/CC CCRCP 4.5° RCP4.5 impact CCRCP 8.!‘; RCP8.5 impact

6) 2020-2050 (%) (percentage points) | 2020-2050 (%) | (percentage points)
Barley 77.8 92.8 15.1 93.2 15.4
Potato 279 19.9 -8 1.8 -16.1
Tropical fruit 7.3 94.5 23.2 93.5 223
Vegetables 94.3 14.9 20.6 13.6 19.3
Wheat 100 125.3 25.2 128.2 28.1
Dairy 145.9 146.4 0.6 146.2 0.3
Lamb 159.6 159.5 -0.1 159 -0.6
Poultry 190.1 191 0.9 190.5 0.5

Model results also indicate that climate change will have a relatively small impact on livestock
numbers (Table 4.4). Lamb populations decrease by 0.1 percentage points and 0.4 percentage points
under CC RCP4.5 and 8.5 respectively. Dairy and poultry experience slight increases between 0.2-
0.4 percentage points under CC compared to NoCC by 2050. There is effectively no shift in these
commodities relative to climate change, suggesting that they are relatively stable and resistant to
climate change given the demand and quantities produced.

Table 4.4 The impact on livestock populations of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC
by 2050

Commodit CCRCP 4.5 RCP4.5 impact CCRCP 8.5 RCP8.5 impact

Y 2020-2050 (%) (percentage points) | 2020-2050(%) | (percentage points)
Dairy 46.1 46.4 0.3 46.2 0.2
Lamb 52.3 52.2 -0.1 52 -0.4
Poultry 21.3 21.7 0.4 215 0.2

4.3 Changes in food availability, household demand, and food prices

The expected food availability of all crops and livestock will experience a small negative impact
from climate change of less than 1 percentage point for most commodities (Table 4.5). For these
projections, food availability is measured as the number of kilocalories available to each person,
each day, from both local production and international trade. The exceptions are barley, whose food
availability undergoes a modest increase under CC scenarios in comparison to NoCC, and potatoes,
which will experience a negative impact between 3-4 percentage points for both CC scenarios
compared to NoCC by 2050. Overall, the impact of climate change on food availability appears to be
small, likely due to the relatively limited areas under cultivation and to with Jordan’s dependence on
imports.
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Table 4.5 The impact on food availability of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC

by 2050
Commodity ZOCZ% _Rz(ég: (5%) (pelf'g::éggl;g I:r;?)(i:rtmts) 20%%5%:: (r‘:A) (pe?E::EggI;rg g?:tizrt\ts)
Barley 17 23 0.7 23 0.6
Potato 18.5 15.4 -3.1 14.6 -3.9
Tropical fruit 42.3 39.4 -2.9 38.9 -34
Vegetables 447 441 -0.6 43.8 -0.9
Wheat -0.2 -0.3 -0.1 -0.8 -0.6
Dairy 16.6 16.6 0 16.4 -0.1
Lamb 66.1 66.1 0 66.0 -0.1
Poultry 43.8 437 -0.2 43.4 -0.4

The total demand for food derives from simulated consumer behavior in response to food price
and income among other factors. For instance, when the production of a commodity decreases, the
price typically increases, resulting in lower demand by consumers for the commodity in question. This
is a simplified example, however; real-world trends are complex and depend on interactions with a
variety of other aspects, including the corresponding prices for both substitute and complementary
commodities.

In comparison to the NoCC scenario, conditions of climate change result in slight declines in
total demand for the selected crops and livestock, with the exception of barley and wheat (Table
4.6). Negative impacts are minimal except for potatoes and tropical fruit, which again show a larger
decrease of between 5 and 8 percentage points under CC. In a middle-income country such as
Jordan, such slight declines in food supply do not adversely affect overall access to food given existing
surpluses and the capacity for importation.

Table 4.6 The impact on food demand of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC by

2050

Commodity N((:/C;C 202?) Rz%: (;4(50/ ; ( RCP4.5 impact CCRCP 8.!': RCP8.5 impact

A - A percentage points) | 2020-2050 (%) | (percentage points)
Barley 142.6 150.5 7.9 154.4 1.8
Potato n7i 110.8 -6.3 109.1 -7.9
Tropical fruit 136.0 131.2 -4.8 130.3 -5.7
Vegetables 141.6 140.5 -11 140.1 -1.5
Wheat 65.5 71.6 6.1 74.9 9.4
Dairy 93.3 933 0 93.1 -0.2
Lamb 175.5 175.5 0 175.3 -0.2

Poultry 138.5 138.2 -0.3 137.8 -0.7
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While the declines in food supply do not adversely affect access to food, they will influence food
prices. Under conditions of climate change, prices will increase across the board, with the exception
of barley. These price increases are most pronounced for potatoes and tropical fruit, followed by
vegetables, and wheat, and this trend is consistent with the corresponding declines in the projected
food availability associated with these crops (Table 4.7).

Table 4.7: The impact on producer prices of two CC scenarios (RCP4.5 and RCP8.5) compared to NoCC by
2050

CCRCP 4.5 RCP4.5 impact CCRCP 8.5 RCP8.5 impact

Commodity 2020-2050 (%) (percentage points) | 2020-2050 (%) | (percentage points)
Barley 9 4.2 -4.9 5.4 -3.7
Potato 7.2 171 9.9 20.2 13
Tropical fruit 10.6 17.9 73 19.8 9.2
Vegetables 285 321 37 33.9 5.5
Wheat 13 12.5 1.2 15.5 4.2
Dairy 4.2 44 0.3 4.8 0.6
Lamb -10 -9.6 04 -9.2 0.8
Poultry 4.6 6.3 1.7 7.8 3.2

4.4 Changes in trade

From 2020 to 2050, a subset of the priority commodities shows increasing differentiation in trade
over time, irrespective of the climate change scenario. As illustrated in the previous sections, climate
change can propel production in both positive and negative directions which, in turn, drives the
associated surplus or deficit of commodities. These surpluses and deficits can then be alleviated
through international trade.

Changes in net trade are calculated in IMPACT by a function of domestic production, domestic
demand, and changes in stock. A positive net trade indicates a trend towards exportation of a
commodity, while a negative net trade indicates a trend towards importation. Figures 4.3 and 4.4
below show commodity trade trends over time, illustrating changes in imports and exports in terms
of millions of tons. Under both CC scenarios, the model projects increasing export of vegetables;
this result is consistent with recent trade studies reflecting an average of 11% growth per year and
over 80% growth of total exported commodities in some years.'®* Under both the RCP4.5 and RCP8.5
CC scenarios, there a tendency toward increasing imports of both barley and wheat, illustrating that
demand will outstrip domestic supply in spite of the fact that these crops tend to fare well in both CC

scenarios.
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Figure 4.3 Impact of CC RPC4.5 on net trade of key commodities from 2020 to 2050 (millions of tonnes)
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Figure 4.4 Impact of CC RPC8.5 on net trade of key commaodities from 2020 to 2050 (millions of tonnes)
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Rates of change of imports and exports are relative, so it is useful to examine the net change in

imports both over time and across the climate change scenarios. Table 4.8 demonstrates that, with

the exception of tropical fruit and dairy, imports are expected to increase over time. CC scenarios

tend to favor tropical fruit, lowering import dependence over time, whereas imports of potatoes are

expected to increase substantially more under RCP8.5 than in conditions associated with RCP4.5.

Exports of vegetables are projected to increase in all scenarios. Vegetables comprise the only



commodity in this study that is characterize by a substantial surplus and associated exports. It is
notable that vegetable exports are expected to increase substantially more under CC conditions
than NoCC, nearly doubling in both CC scenarios. Vegetable exports rise slightly less under RCP8.5
than under the milder RCP4.5 scenario (Table 4.9).

Poultry is not present in Tables 4.8 or 4.9 because the trends for this commodity are unclear. From
the data, it is apparent that under both CC scenarios, poultry shows an initial, slowing trend towards
importation from 2020 to 2045, but then reaches equilibrium and begins to show an increasing trend
towards exportation between 2045 and 2050.

Table 4.8 Crops and livestock that show negative net trade (import) trends under two CC scenarios
(RCP4.5 and RCP8.5) compared to NoCC by 2050

Commodity N((;(;C 20(;% Ig%: (;1(&';/ ; G RCP4.5 impact CCRCP 8.2 RCP8.5 impact

A - A percentage points) | 2020-2050 (%) | (percentage points)
Barley 144.3
Potato 3313 330.6 -0.8 349.6 18.2
Tropical fruit -1474.4 -289.7 1184.8 -296.3 11781
Wheat 64.6 70.1 55 734 8.8
Dairy -30.1 -315 -1.4 -31.2 -11
Lamb 200.5 200.8 0.3 201 0.5

Table 4.9 : Crops and livestock that show positive net trade (export) trends under two CC scenarios
(RCP4.5 and RCP8.5) compared to NoCC by 2050

CCRCP 4.5 RCP4.5 impact CCRCP 8.5 RCP8.5 impact
2020-2050 (%) (percentage points) | 2020-2050 (%) | (percentage points)

Commodity

Vegetables 46.3 90.5 443 88.3 421
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Chapter

Prioritization of Climate-Smanrt
Agriculture (CSA) interventions
in Jordan

Highlights

+ Climate-smart agriculture (CSA) investments were chosen through a multistep prioritization
process involving nearly 50 experts from various fields.

+ National documents were reviewed to first identify 46 practices with potential for CSA; these
were narrowed down to 16 packages.

- Experts considered the important policy objectives when prioritizing packages, including
food security, reduced price volatility, value chain development, and youth employment, but
priorities differ between AEZs.

- Experts assessed the packages against the three CSA pillars — adaptation, mitigation, and
productivity — and considered their potential for scaling, then evaluated their scores to select
the most promising.

- Expert panels were organized within each AEZ to discuss key challenges, business models, and
policy incentives. Two CSA packages were selected for each AEZ, at least one of which has a
clear commodity value chain focus.

- Fortheirrigated AEZ, high-value date palm development and protected vegetable production
was prioritized. For the rainfed AEZ, enhanced olive production and processing and improved
field crop management was prioritized. Enhanced small ruminant production and Badia
restoration were the optimal investment packages for the agropastoral AEZ.
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5.1 Process to prioritize CSA investments

CSA aims to achieve adaptation, mitigation, and productivity outcomes, but doing so requires
understanding what “climate-smart” means in different locations and designing projects suited
to the diverse contexts. The prioritization process of investment options generally follows the CSA
Prioritization Framework and builds on the initiatives and work of government agencies and local

institutions.'®*

The first step in developing this CSA investment portfolio was a review of national documents
including policies, strategies, and plans, in order to identify practices with potential to be applied in
the context of CSA. A longlist of 46 CSA practices was enumerated based on key commodity groups,
namely vegetables, fruits, field crops, and animals, as well as on soil and water conditions. After an initial
screening by a small group of experts, some practices were eliminated, while others that complemented
each other or pertained to the same commodity or process were combined into 16 CSA packages: 6 for
irrigated areas, 4 for rainfed areas, 3 for agropastoral areas, and 3 that could be applied in all areas. The
shortlist of CSA packages is summarized in Table 5.1, with an extensive description for each package in
Annex D.

Table 5.1 Shortlist of CSA packages assessed by national experts
CSA package

Irrigated AEZ

1. High-value date palm development, processing, and marketing using modern irrigation systems and improved cultural
practices

2. Expanding/upgrading protected vegetable production with drip irrigation and improved greenhouse technologies
3. Advancing inland freshwater fish production for local nutritional food security through improved breeds/practices

4. Upgrading irrigation water productivity by modernizing systems, shifting to high-value cash crops, and applying precision
agriculture

5. Strengthening the energy-water-food nexus in irrigated agriculture by replacing fossil fuel for pumps and local
desalination units with renewable solar energy

6. Decentralizing treatment of sewage water in agriculture at the community level, supporting greywater treatment at the
household level, and managing integrated treated sewage with rainwater in supplemental irrigation systems

Rainfed AEZ

7. Upgrading olive production and processing by introducing low-cost, modern technologies for collection, cold pressing,
and pickling, and through alternative use of waste

8. Soil health improvement through increased infiltration and greater soil-health storage capacity through the adoption of
contouring, terracing, appropriate plows, polymers, and the use of organic matter

9. Agroforestry packages to reforest most of the suitable marginal lands in 10 years by planting trees and shrubs and
creating development programs for follow-up

10. Enhanced the management and effictivness of rainwater for field crop and value addition, upgrading the durum wheat
value chain for higher income, and expanding barley production for animal feed with rainwater harvesting

Rangeland AEZ

11. Enhancing small ruminant production and quality with concentrated farming, including byproduct processing, fattening,
and advanced breeding

12. Strengthening the dairy value chain at industry and community levels through collective cold storage powered by
renewable energy and through training with a proper institutional setup

13. Badia restoration with micro-catchment water harvesting and improved grazing management




All AEZs

14. Rainwater harvesting for domestic and agricultural use
15. Expanding hydroponic and aeroponic practices for high-value vegetables using groundwater

16. Upgrading the poultry industry and value chain with local feed production and collective cold storage powered by
renewable energy

As a second step, an online survey was shared among 200 experts to evaluate the CSA packages
for each AEZ. In total, 48 experts completed the survey, of which 38, 40, and 23 completed the sections
for irrigated, rainfed, and agropastoral areas, respectively. Participants included mainly men (79%)
but also women (21%) and predominantly hailed from academia (46%), government ministries (29 %),
and research organizations (19%); some came from non-governmental organizations (NGOs) or were
independent consultants. Most participants were between 45-54 years of age (44%), followed by 35-44
years (25%), 55-64 years (19%), and 65 years of age and older (13%).

The third step in the prioritization process was panel meetings with experts from within and outside
the government, complemented by experts from financial institutions and the private sector. These
experts contributed to the final section of CSA investments.

5.2 Assessment of climate hazards, other risks, and policy objectives

Before evaluating the CSA packages for each AEZ, experts were consulted about climate-related
hazards, other risks, and policy objectives that needed to be considered in each area.

Various climate hazards were perceived as risks across the three AEZs, such as water stress, the
frequency of hot days, droughts, and changing rainfall patterns. However, there were also important
differences (Figure 5.1). Changing rainfall patterns stood out as a risk for rainfed areas, while irrigated
areas are less vulnerable. The amounts of precipitation in agropastoral areas are already very low. The
perceived risk of drought spells, therefore, was also higher in rainfed and agropastoral areas than in
irrigated areas. Erosion risk was perceived as a risk for agropastoral areas. On the other hand, pest and
diseases and increased salinization were perceived as particular risks for irrigated areas.

Figure 5.1: Stakeholder perceptions of climate-related risks for different AEZs

m Changing rainfall patterns

Agropastoral
m Frequency of hot days / heat
waves
M Pests and diseases

m Other (please specify)
0% 20% 40% 60% 80% 100%

PAGE 67



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

Experts were also consulted about other risks (Figure 5.2). Water availability and quality were a general
concern among all experts across the AEZs. Price fluctuations and labor availability were perceived as
acuter risks for irrigated and rainfed areas than for agropastoral areas. Conflicts in nearby markets in
other countries were mainly regarded as a risk for irrigated areas with more developed commodity
value chains for export markets. Conflicts due to resource scarcity were accorded higher importance
in rainfed and agropastoral areas than in irrigated regions, while animal morbidity and mortality and
distress sales were considered a heightened risk for agropastoral areas. Migration and refugees were
seen as a more urgent risk in rainfed and agropastoral areas than in irrigated areas.

Figure 5.2 Other risks relevant to the evaluation of CSA packages for different AEZs
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Finally, we asked experts which policy objectives should be considered in different areas (Figure
5.3). Greater food security and reduced price volatility are considered vital policy objectives for all
AEZs. Value chain development and youth employment are also widely prioritized. There are, however,
distinct differences among the AEZs. Water allocation, export, and trade have a high profile in irrigated
areas, while poverty alleviation is more critical in rainfed areas and most pressing in agropastoral
areas. Opportunities for women were mentioned less often, although their perceived importance
increased when moving from more affluent irrigated areas to rainfed and agropastoral areas.

Figure 5.3 Policy objectives relevant to evaluation of CSA packages for different AEZs
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5.3 Evaluation of CSA investments

Participants in the online survey were asked to make an initial selection of CSA packages based on
their potential to address climate hazards, other risks, and policy objectives; these were then further
assessed in terms of the three pillars of CSA, namely adaptation, mitigation, and productivity, as well
as in terms of scalability and pertinent investment risks.

« Adaptation refers to actions that lessen vulnerability to climate change, e.g., increased water use
efficiency, reduced soil disturbance, climate risk prevention and management, and diversification.

» Mitigation refers to actions that diminish and curb GHG emissions, e.g., reduced energy use,
carbon storage through biomass or soils, lower methane emissions, manure management, and
nutrient use efficiency.

» Productivity refers to an increase in yield or income in the context of climate change, e.g.,
through higher production, better product quality, new markets, reduced post-harvest losses,
and improved efficiency.

« Scalability refers to the potential of CSA packages to be applied for impact at scale, understood
in terms of geographic area, number of beneficiaries, volume, or value.

+ Investment risk refers to the degree of uncertainty or potential financial loss inherent in an

investment decision.

The irrigated AEZ (mainly Jordan Valley)

For the irrigated AEZ, nine CSA packages were assessed by 38 experts. First, experts were asked to
make an initial selection based on climate hazards, other risks, and policy objectives (see the response
rate in Table 5.2). The CSA packages (1) "High-value palm development” and (4) "Upgrading
irrigation water productivity” were most often selected, closely followed by (2) “Expanding protected
vegetable production,” and then (5) "Strengthening the energy-water-food nexus” and (15) “Hydro-
and aeroponic practices.” The following packages were less often selected to deal with the particular
context of irrigated areas: (6) "Decentralized treatment and use of sewage water,” (3) “Inland
freshwater production,” and (14) “Rainwater harvesting for households.” Package (16), “Upgrading
the poultry industry and value chain,” was not selected at all.

The selected packages were then assessed against the three pillars of CSA: adaptation, mitigation,
and productivity. The assessments of their potential contributions were translated into an average
score on a scale from 1 (low) to 5 (high) (see Table 5.2). Scores were relatively high for the different CSA
criteria. The best packages for adaptation were the following: (2) “"Expanding protected vegetable
production” and (4) "Upgrading irrigation water." The best options for mitigation, meanwhile, were
packages (4) "Upgrading irrigation water productivity” and (5) “Strengthening the energy-water-
food nexus.” The highest-scoring packages for productivity included the first four packages, (1)
"Date palm development,” (2) "Expanding protected vegetable production,” (3) “Inland freshwater
production,” and (4) “Strengthening the energy-water-food nexus,” as well as package (15), “Hydro-
and aeroponics.” In terms of their average score for climate-smart potential based on the three criteria,
the highest scorers were packages (2) "Expanding protected vegetable production,” (4) “Upgrading
irrigation water productivity,” and (15) “Hydro- and aeroponics.” Package (16), “"Upgrading the poultry
industry and value chain,” was not selected and therefore not assessed.

PAGE 69



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

PAGE 70

Table 5.2 Evaluation of CSA packages in irrigated areas based on CSA criteria

CSA packages Responses A M P Average

1. High-value date palm development 28 4.2 3.9 - 4.2
2. Expanding protected vegetable production 23 - 3.9 -
3. Inland freshwater fish production m 37 34 - 3.9
4. Upgrading irrigation water productivity 27 ----
5. Strengthening the energy-water-food nexus 19 4.4 - 41 4.4
6. Decentralized treatment and use of sewage water 15 4.2 4.2 37 4.0
14. Rainwater harvesting for households 10 4.2 4.2 41 4.2
15. Hydro- and aeroponics for high-value vegetables 19 4.4 43 --
16. Upgrading the poultry industry and value chain 0 0 0 0 0
Answered 38

*Average score for adaptation (A), mitigation (M), and productivity (P), with 1=low and 5=high.

When the average value for climate-smart potential was compared with the average evaluation
of scalability on a scale from 1 (low) to 5 (high) (Figure 5.4), two packages score relatively lower: (3)
“Inland freshwater fish production” and (6) "Decentralized treatment and use of sewage water."
The remaining packages all demonstrate high climate-smart potential and high scalability: (1) “High-
value date palm development,” (2) "Expanding protected vegetable production,” (4) “"Upgrading
irrigation water productivity,” (5) "“Strengthening the energy-water-food nexus,” (14) "Rainwater
harvesting,” and (15) "Hydro- and aeroponics.” The latter two — (14) “Rainwater harvesting” and (15)
"Hydro- and aeroponics” — were considered a medium to high investment risk, however.

Figure 5.4: Assessment of CSA packages in irrigated areas based on climate-smart potential and scalability
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*Packages with perceived investment risk are indicated in red.



The rainfed AEZ (mainly highlands)

For the rainfed AEZ, seven CSA packages were assessed by 40 experts. Just as they were for the
irrigated areas, experts were first asked to make an initial selection based on climate hazards, other
risks, and policy objectives (see the response rates in Table 5.3). The CSA packages (7) “"Upgrading
olive production and processing” and (14) “Rainwater harvesting for households” were the most
frequently selected, followed by (8) “Soil health improvement” and (10) “The durum value chain and
barley production.” Options (9) "Agroforestry packages” and (15) "Hydro- and aeroponic practices”
were selected slightly less often. Only a few experts chose package (16), “Upgrading the poultry
industry and value chain.”

The selected packages were then assessed against the three pillars of CSA, namely adaptation,
mitigation, and productivity. Their potential contributions were translated into an average score from
1 (low) to 5 (high) (see Table 5.3). Again, scores were relatively high for the CSA criteria. The highest
scoring packages for adaptation were the following: (9) “Agroforestry packages” and (10) “The durum
wheat value chain and barley production.” The former also scored high on mitigation, and the latter
scored well for productivity. In terms of their average score for climate-smart potential encompassing
all three criteria, option (9) “"Agroforestry packages” stood out, closely followed by (8) “Soil health
improvement” and (10) “The durum wheat value chain and barley production.”

Table 5.3 Evaluation of CSA packages for rainfed areas based on CSA criteria

CSA packages ‘ Responses ‘ A ‘ M ‘ P ‘ Average
7. Upgrading olive production and processing 28 4.0 34 4.2 3.9
8. Soil health improvement 19 44 42 44 43

9. Agroforestry packages 14 -- 4.1 -

10. Durum wheat value chain and barley production 7 - 3.8 - 43

14. Rainwater harvesting for households 25 44 4.2 3.8 41
15. Hydro- and aeroponics for high-value vegetables 13 4.1 4.2 3.8 4.0
16. Upgrading the poultry industry and value chain 4 37 3.0 3.0 3.2
Answers 40

Average score for adaptation (A), mitigation (M), and productivity (P), with 1=low and 5=high.

The average value of climate-smart potential of the different packages was compared with
scalability, again using a scale from 1 (low) to 5 (high) (Figure 5.5). Package (16), “Upgrading the
poultry industry and value chain,” was a clear outlier for its low scores. Package (15), “Hydro- and
aeroponics,” fared better, but overall, it was less positively assessed than others. These two packages
were also considered a medium to high investment risk. The remaining packages scored better in
climate-smart potential, in scalability, or in both categories.
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Figure 5.5: Assessment of CSA packages in rainfed areas based on climate-smart potential and scalability
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The agropastoral AEZ (mainly Badia)

For the agropastoral AEZ, six CSA packages were assessed by 23 experts. As for the other two AEZs,
experts were asked to make an initial selection based on climate hazards, other risks, and policy
objectives (see the response rates in Table 5.4). Four packages stood out: (1) “Small ruminants'’
production,” (13) “Badia restoration,” (14) “Rainwater harvesting for households,” and (12) “The dairy
production value chain.” The other two packages were chosen by only 3 experts: (15) “Hydro- and
aeroponic practices,” and (16) “"The poultry industry and value chain.”

The packages were then assessed against the three pillars of CSA, namely adaptation, mitigation,
and productivity. Again, assessments were translated into an average score from 1 (low) to 5 (high)
(see Table 5.4). Scores were relatively high across CSA criteria. Packages (13) “Badia restoration” and
(15) "Hydro- and aeroponic practices"” scored best for adaptation. The latter also scored high in terms
of mitigation and productivity, but since it was only selected by 3 experts, these results should be
evaluated with caution. In terms of productivity, package (12) “"The dairy production value chain”
also scored very high. Overall, two practices stood out for their average climate-smart potential: (13)
"Badia restoration” and (15) “Hydro- and aeroponic practices”; the latter, however, only received a low

number of responses.

Table 5.4: Evaluation of CSA packages in agropastoral areas for CSA criteria
CSA packages ‘ Responses ‘ .\ ‘ M ‘ P ‘ Average
11. Small ruminants' production 18 4.1 33 4.2
12. The dairy production value chain 14 4.1 31 -

13. Badia restoration 16

15. Hydro- and aeroponics for high-value vegetables 3

14. Rainwater harvesting for households 15 4.2 3.1 3.8
3.0

16. The poultry industry and value chain 3

39 4.0

2.3 37

Answers 23
*Average score for adaptation (A), mitigation (M), and productivity (P), with 1=low and 5=high.



Figure 5.6 compares the average value for climate-smart potential of these different packages with
their scalability score ranging from 1 (low) to 5 (high). Package (16), “The poultry industry and value
chain,”" is again a clear outlier for its low scores. Package (16) "Hydro- and aeroponics,” meanwhile,
scores well in terms of climate-smart potential, but its score for scalability in agropastoral areas is
very low. The other four packages are closely clustered with high average values for both climate-
smart potential and scalability. Package (12), “The dairy value chain,” is considered a medium to high

investment risk.

Figure 5.6 Assessment of CSA packages in agropastoral areas based on climate-smart potential and

scalability
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*Packages with perceived investment risk are indicated in red.

5.4 The selection of CSA investments

As a final step in the prioritization phase, expert panels were organized for each AEZ. Meetings were
held with 8-10 experts from government ministries, research organizations, academia, and NGOs,
and also including independent consultants and representatives of the private sector and finance
institutions. Participants discussed the results from the online survey and proposed CSA packages.

In principle, two CSA packages were selected for each AEZ, of which at least one has a clear
commodity value chain focus. In certain cases, the experts decided to recombine some of the options.

The prioritized options were as follows:

1. High-value date palm development, processing, and marketing using modern irrigation and
improved cultural practices (CSA-1) (irrigated areas)

2. Expanding and upgrading protected vegetable production with advanced technologies and
processing and marketing options (CSA-2, 4, 15) (irrigated areas)

3. Upgrading olive production and processing by introducing low-cost modern technologies for
collection, cold pressing and pickling, and alternative waste use (CSA-7) (rainfed areas)

4. Enhancing barley production through rainwater harvesting and improved management (CSA-
10) (rainfed areas and the Badia)

5. Enhancing small ruminant production through intensive farming systems and dairy chain
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development (CSA-11, 12) (agropastoral areas)
6. Badia restoration with micro-catchment water harvesting and improved grazing management
(CSA-13) (agropastoral areas)

These packages were adapted slightly based on discussions within each expert panel about key

challenges, business models, and policy incentives. The redefined packages' geographic scope,
target populations, and key activities are further addressed in the program design.
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Chapter

Using CSA investment
concepts as a foundation for
programming

Highlights

+ Climate-smart agriculture (CSA) practices can help strengthen farmers' resilience to
climate change. They are highly context-specific and dependent upon careful planning, the
right enabling conditions, strong capacity building, and robust stakeholder involvement
mechanisms.

+ Primary constraints include access to quality information, capacity, finance, and markets, and
often stem from or are aggravated by policy issues and socio-cultural factors.

+ Repositioning the language framework among national policies to explicitly include CSA
objectives will help enable cross-institutional alignment, integration, and collaboration.

+ The proposed CSA investments align with and support Jordan's national priorities, the
Sustainable Development Goals (SDGs), the Paris Agreement, and the Nationally Determined
Contributions, and furnish excellent opportunities for further policy alignment.

+ Increasing water productivity through these CSA investments in conjunction with appropriate
water policies to restrict the rebound effect would relieve agricultural pressure on groundwater.

+ Adopting broader international definitions of key terms may create opportunities to meet
international commitments, unlock supportive international funding, and more easily compare
national statistics to other countries in the region.

+ Blended finance models would help mobilize public and private finance to scale up successful,
sustainable, high-potential CSA investments.
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6.1 What does CSA investment planning have to offer?

CSA is highly context-specific. Best-bet adaptation, mitigation, and productivity activities that will
strengthen farmers’ resilience to climate change vary from one community, geography, and production
system to the next. Thorough context-specific innovation is necessary to maximize benefits, but its
scalability through simple replication is not possible. CSA investment planning requires ensuring
that enabling conditions are right and that strong capacity-building and stakeholder involvement
mechanisms are clearly identified.

Decision makers at all levels must understand the purpose, rationale, and required conditions for
CSA investment. Promoting CSA in Jordan should be understood as an approach for integrating
and evaluating climate change scenario planning, economic analysis, priority setting of regional
areas, and potential barriers and opportunities. In this chapter, we will continue to explore key
elements needed for project design and implementations for the priority investments, in order to
identify opportunities, constraints, and financing opportunities. The information presented is based
on short concept notes developed for each investment package with support of expert consultation
and stakeholder interviews (see Annex E). These concept notes and therefore this chapter together
propose an initial design for a series of programs and projects and a basis for a cost-benefit analysis
and GHG emissions assessment. Further study will be necessary to develop project and program
design based on market and value chain analyses

6.2 CSA packages and the rationale for investment

Table 6.1 below demonstrates for each of the investments why that commodity was selected, what the
climate change impact will be for the commodity, and the objective of the CSA investment.

Most investments have important economic value with export potential for date palm, vegetables,
olive oil, and small ruminants. While the country depends on imports for many staple foods, Jordan
is self-sufficient in some crops (e.g., olives, tomatoes, goat meat), and can achieve greater food and
feed security through the investment programs. Dates have considerable export value per volume
and production area has expanded to over 4,000 hectares in recent years. Olives, vegetables, and
barley comprise the largest landscapes of planted acreage, with vegetables earning the highest
export value of US$ 223M, followed by small ruminants at USS 170M.

Adaptation and growth are key objectives for all the CSA investments. Date palms are heat-tolerant
and able to grow well in irrigated areas, with scope for increased production when well managed.
Vegetables grown in open fields are sensitive to heat stress and vulnerable to post-harvest losses;
they need protection and better management technologies to increase quality and expand export
opportunities. Olive trees are generally well suited to rainfed conditions but are vulnerable to post-
harvest losses; adaptive measures will be required to maintain this important production system.
Barley, small ruminants, and Badia restoration are all related and critical to ensure livestock feed and
sustainable management of grazing areas while supporting rural livelihoods. Barley is sensitive to
climate-change impacts but is critical as livestock feed; measures will be needed to ensure water
availability to secure and grow production. Investments focused on small ruminant farming systems
and Badia restoration in general are critical for rural households in the Badia.



Table 6.1 Gains from CSA implementation: Rationale for investments

CSA

Investment

Date Palm

Vegetables

Olive

Barley

Small
Ruminants

Badia
Restoration

On-Farm
Value

Economic,
Nutrition

Economic,
Nutrition and
Food Security

Economic,
Nutrition

Economic
and Food /
Feed Security

Economic
and Food
Security

Ecosystem
services,
including feed
security for
livestock

Jordanian

Importance'®®

Export and local
consumption. Estimated
25,000 metric tons
annual production over
approximately 4,000
hectares.

Export and local
consumption. Estimated
1.7 million metric tons
produced on over 37,000
hectares. Tomatoes
alone contribute 280,000
metric tons to export
markets valued at USS
223M.

Major production system
in rainfed areas; potential
to increase processed
quality for export.

Over 56,000 hectares
producing more than
145,000 metric tons, of
which over 1,000 metric
tons are exported.

Essential livestock feed
during periods of fodder
shortage. Domestic
production contributes
nearly 50,000 metric tons
while 960,000 metric tons
are imported annually.

Reliably high demand,
key sector for women.
Annual export nearly
500,000 sheep and goats
with value nearly USS$
170M.

Mitigating and
preventing
desertification. Supports
barley and small
ruminant investments
along with several
national policies.

Projected CC-
response

Increase in suitability.
Thrives in higher
temperatures, tolerant
to water stress.

Increase in suitability
for tomatoes,
decreased suitability
for potatoes. Growing
season of fruiting
vegetables extends
with increased
number of warm
days, though high
temperatures stress
plants. Hot spells
dramatically reduce
tuber formation,
weight, and yields.

Moderately suitable in
rainfed zone; tolerates
heat and water stress,

Poor response to
climate change.
Lengthier and more
common heat stress
days concentrated
towards spring reduce
grain filling and
maturity. Warming
and drought stress.

Small ruminants

are well adapted

to climate change,
although higher
summer temperatures
may hinder livestock
productivity and
affect human labor.
Increased heat and
moisture stress
reduce grazing and
fodder sources,
limiting livestock
health.

Hotter summers and
drier winters reduce
the soil's ability to
support vegetative
growth, hindering
opportunities for
livestock or crop
production.

Scenario
without
investment

Stable production

Decreased (open
field) production;
Increased post-
harvest losses

Increased post-
harvest losses;
Exacerbated
environmental
degradation

Yield expected to
be substantially
affected;
Increased imports

Increased land
degradation;
Decreased feed
security

Continuing

loss of arable
land; Decreased
productivity

Main
investment
Objective

Growth

Adaptation and
growth

Adaptation and
growth

Adaptation and
growth

Adaptation and
growth

Adaptation and
mitigation
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6.3 Prioritized CSA packages:
outcomes

region, beneficiaries, and development
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The investments were selected to cover the different AEZs in Jordan, focusing on date palms and

vegetables in irrigated areas, olives and barley in rainfed areas, and small ruminants and Badia

restoration in agropastoral areas. Table 6.2 provides an overview of the package per region, including

the number of beneficiaries and proposed development outcomes, which were based on expert

consultations.

Table 6.2 CSA investment priority by zone, beneficiaries, and proposed development outcomes

CSA
Investment

Agro-ecological zone

Beneficiaries

Proposed development

outcomes

Date Palms The Jordan valley Irrigated areas 500 new small/medium and Expand current date palm area
existing large farm owners by 800 ha in small landholdings
and increase economic return of
current plantations by 50% over
5years.

Vegetables The Jordan Valley and highlands 500 Small and medium size Expand protected vegetables
irrigated areas currently using farmers currently cultivating in cultivation by 25% and economic
groundwater open fields and 200 existing water productivity by 40% over

protected agriculture farmers; 40 5 years.
farmers will be specifically targeted
for hydroponics
Olives Northern and central Jordan 1000 olive farmers will benefit from  10% of current conventional
rainfed areas one or more components of the olive growing farmers adopt
package. Environmental benefits advanced olive growing,
of olive waste processing impact collecting, processing, and
numerous communities in hot spot  packaging technologies over
zones 5 years of implementing the
project

Barley Rainfed areas and the western Essential livestock feed during Poor response to climate
Badia periods of fodder shortage. change. Lengthier and more

Domestic production contributes common heat stress days

nearly 50,000 metric tons while concentrated towards spring
960,000 metric tons are imported reduce grain filling and maturity.
annually. Warming and drought stress.

Small Agropostoral areas, the Badia 3 major communities with 900 Building and running 3 collective

Ruminants farmers (total population of 6000 awasi pilot community farms

people with potential indirect in the north, middle and
benefits through out-scaling south Badia adopting latest
elements of the development to technologies of feed and milk
other communities processing and marketing

Badia Agropastoral areas, the Badia 250 landowners Restoring 5,000 hectares with

Restoration

shrubs and grasses using micro
catchment water harvesting and
improved grazing management
in 5years

The investment in date palm aims to expand its area by 800 ha and to replace less suitable and low-

value crops in the Jordan Valley irrigated areas. The package would include a program for supporting

500 new small, medium, and existing large farm owners during the establishment phase, including

credit and technical assistance, formulation of cooperatives that can consolidate land for small date

palm fields, plant protection programs especially against red palm weevils, and aggregate processing



and marketing facilities. This investment package offers significant employment opportunity in
product processing, marketing, retail, and information and communications technology (ICT)
platforms. The project will also facilitate investment and public support for large farming and the

development of e-extension and e-advisory to improve service provision.

The package on protected vegetables includes a program for converting open field and low tunnel
vegetable production in Jordan valley and highlands irrigated areas to greenhouse production
systems with modern highly efficient irrigation systems. It will target 500 small and medium farmers
currently cultivating open field vegetables and 200 existing protected vegetable growers. It includes
the use of enhanced technologies including greenhouses, improved varieties, and pest and disease
control, for higher-quality products; precision agriculture such as using sensors in improved water
management and nutrient management; building temporary cold storage facilities that help avoid
market flooding; using renewable energy; and the establishmentof grading and processing facilities for
added-value production, processing, and export, with the support of e-extension and e-advisory. The
project also supports the introduction of hydroponic production of high value vegetables in irrigated
highlands with groundwater resources for 40 additional farmers. The investment package also offers
significant employment opportunities in sales and construction of building infrastructure, renewable
energy, and inputs; product processing, marketing, and customer service; and development of ICT
platforms. This technology will replace open vegetable fields and forages, rather than expanding
current planting.

Olive production will target advanced production and processing technologies and conservation,
while improving the quality of processed oil. This package would focus on 1000 olive farmers in
Jordan'’s northern and central rainfed areas and includes improved harvest through low-cost modern
technologies that increase quality and reduce harvesting time, strengthen farmer linkages with other
value chain actors, and introduce a modern and alternative (cold) pressing process for high quality
oil extraction. Despite investments in low-cost harvesting technologies, the production of olives
continues to provide important employment opportunities during harvesting, as well as in inputs and
sales, building infrastructure and maintenance, manufacturing and technology, product processing,
marketing, transportation, retail, and green energy. The project will also reduce the environmental
impact of current processing methods on local water resources.

To be able to increase barley production, investment will need to be made in rainwater harvesting
combined with the selection and management of suitable lands. Hence, this package targets 1000
farmers and their communities in the western Jordan rainfed areas and the western Badia aiming
at expanding barley production with rainwater harvesting for animal feed, the introduction of high
productive drought tolerant barley varieties (risk-reducing combination) and application of integrated
cultivation packages. This investment package offers employment opportunities connected to inputs,
seed multiplications, product processing, marketing, and customer service.

Concentrated farming systems for small ruminants will be piloted in three communities in the Badia,
with adoption of balanced feed for fattening, and milk processing technologies and marketing.
This package targets 900 farmer families and will include investment in training and advisory for
production and processing of sheep, developing small ruminant cooperative groups based on
(traditional) community structures, improvement of by-product processing, and strengthening
dairy processing and marketing. Value-added facilities would include by-product processing at
local and community levels (including product diversification and marketing), and improvement of
cold storage using renewable energy. This investment package offers employment opportunities
related to manufacturing and sales of inputs (eg. improved feed supply, veterinary services, vaccines),
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building infrastructure and maintenance, milk and by-product processing, pasteurization, cold chain
infrastructure, milk and by-product marketing, transportation, retail, and green energy technology
infrastructure.

Finally, 5,000 ha will be restored using micro-catchment water harvesting and improved grazing
management. This package on Badia restoration includes providing micro catchmentwater harvesting
units (Vallerani) to constructlarge-scale bunds and counter ridges and nurseries to produce millions
of seedlings of indigenous shrubs, directly benefiting 250 landowners. The project also endeavors
to change grazing management of the restored areas from open to controlled, training of local
communities and restoration staff on the package implementation, and an M&E program to assess
the impact of restoration on ecosystem services. This investment package offers employment
opportunities related to inputs and sales (nurseries), retail and customer service, landscaping services,
education and research.

6.4. Overarching barriers and enabling factors

The specific context of Jordan entails circumstances that manifest as general barriers to investment;
this applies even more strongly in the context of agriculture and CSA. Some of these are difficult-to-
control risks with serious consequences related to political and security issues, conflicts of resources,
climate risks, and financial markets. However, there are also many factors that can be managed and
that have a direct impact on CSA design and implementation. Table 6.3 below summarizes the main
challenges, as well as some opportunities for each of the prioritized investment packages based
on expert consultations. Many challenges referred to information, capacity, finance, organization,
markets, and socio-cultural aspects; and these often stemmed from, or are aggravated by, policy
issues. We gathered this information initially through expert panels, and group interviews with
various stakeholder representatives enabled us to explore these constraints and opportunities more
fully. These experts were selected for the knowledge and experience they could bring about related
commodities or investment packages. In addition, we reviewed the main findings of recent projects,
studies and initiatives in Jordan relevant to the investment packages to ensure that findings were
aligned (see Annex F).

Table 6.3 Key constraints and opportunities to design and implementation of CSA interventions

CSA . -

— Constraints Opportunities

Date Palms - Land area of small/medium farmers is generally - Date palm relatively well adapted to anticipated
too low for viable business climate impacts
- Small/medium farmers face problems accessing - Sector relatively well organized with potential for
credit e-extension and e-advisory
- Lack of institutional support for processing - Private advisory services

packaging and marketing - Young entrepreneurs can be attracted through ICTs

- Timely and accurate information lacking for

production, processing and marketing - Initiatives exist for using smart applications for

e-extension and e-technology transfer (platforms for
- Small/medium farmers not integrated into larger  farmers to get direct info), offering investment and

value chain scaling opportunities
- Need for improved cultural practices and red - Leverage policies to use finance and business
weevil handling services

- Implement policy that facilitates export and
promotes domestic consumption
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CSA
Investment

Vegetables

Olives

Barley

Small
Ruminants

Constraints

- Investment costs for converting to protected
vegetable production

- Reliable markets are critical due to perishability
- High quality standards of export markets

- Over-flooding of markets if processing or storage
and/or markets not well organized (less organized
than some other sectors)

- Lack of timely and accurate information for
production, processing and marketing.

- COVID-19 is affecting export

- High production costs (especially labor)

- Need quality improvement for export market
standards (cold pressing ‘extra’ virgin oil), while
satisfying domestic markets

- Lack of information on production, pest control,
marketing, improving quality (also for traceability)
and coordination with processers

- Weak value chain integration, especially for small/
medium farmers

- Access to finance, business, and extension services

- Access to new technologies and extension/
business services to improve production under
rainfed conditions

- Weak linkages with input suppliers

- Subsidies to reduce price for barley (to support
farmers) distorts market for barley production,
favoring international producers

- Lifestyle changes may conflict with long-held
socio-cultural values in the Badia

- Limited financial means for inputs and/or
technology

- Processing and marketing of by products,
especially milk, is underdeveloped

- Current subsidies support herders with barley
(feed) and wheat bran, encouraging farmers to
increase herds (not intensify), causing overgrazing

Opportunities

- Sector with particularly good export opportunities,
and which is expected to increase under climate
change scenarios.

- Greenhouses are expensive, but existing farms can
be upgraded (tunnels, etc.) for protected farming

- Protected vegetable production (off-season,
high prices) with improved processing and storage
facilities can alleviate price fluctuations and enable
compliance with strict regulations for export (food
safety) and traceability

- Implement policy for premium/certification
standards

- Policy incentives for private sector involvement and
access to business services

- Jordan olive oil is of high quality and popular in
local market (olive production is entranced in local
culture)

- Some farming leaders exist, can be example for
others

- Farmer groups/cooperatives can help reduce
production costs, mitigate risks, and strengthen value
chain to reach new markets

- Cooperation/cooperatives at local level that add
value (e.g. packaging and enabling certification) can
attract farmer participation

- Policy incentives for private sector involvement to
improve products' quality and develop markets

- Implement policy for premium/certification scheme

- Farmer groups/cooperatives can help reduce
production costs, facilitate information sharing, and
strengthen linkages to input suppliers and other
actors throughout the value chain

- High demand for barley as livestock feed, which is
expected to further increase due to climate change

- Policy incentive to improve access to extension and
business services

- Improve access to finance, possibly in combination
with tax incentives or change in subsidy on Barley

- Land degradation makes nomadic lifestyle difficult
to maintain; younger generation interested in
business opportunities

- Women play key role in husbandry of small
ruminants, providing opportunities to involve women
more strongly

- Farmer groups/organizations can improve financial
access to inputs and structures; with supply and
production integration, processing/marketing, and
gender respect

- Incentivize private sector support
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CSA - e

TESTTEG Constraints Opportunities

Badia - Restoration requires variety of role players for - Previous program on Badia restoration can serve
Restoration endorsement and support. as a model for follow up (existing gaps, what

people look forward to doing); While women have a
generally limited role in decision-making, there have
been positive experiences with women's stronger
roles in meetings/ cooperatives.

- Initial area protection, benefiting farmers only in
medium-long term (challenging values linked to
open access to grazing)

- Low capacity among restoration staff and farmer

o : . . - ICTs can enable monitoring across large distances
(communities) to implement restoration practices;

community trust in own people forces locals to play = - Public-Private partnerships may fulfil gaps in

key role in sustainable management technical capacity

- Unfamiliarity with ICTs outside of social purposes; - Implement policies to improve access to extension
new habits and protocols will need to be learned services and payments for ecosystem services

Issues with the provision of information and information sharing emerged as one of the main
overarching constraints. Many experts noted that information is lacking or not well organized. This
is a particular problem for the investments that require timely and accurate information (i.e., date
palm, vegetables, olive) to promote production and to link production effectively with processing
and marketing. Mechanisms for information provision and exchange do not seem to work effectively.
These barriers will impact policy making and extension services that could otherwise support CSA.
However, there may be opportunities for the development of digital services through e-extension
and e-advisory, which may further attract young entrepreneurs. These services require substantial
investment in building databases with reliable and accurate information to enable decision making.
Such platforms can attract private investment, especially in sectors with growth potential and (export)
market opportunities such as the date palm, olive, and vegetables sector.

There is a need for capacity strengthening and access to financial services. While broadly applicable,
these will be most prominent for those investments requiring high transition or labor costs and
investment in modern technologies (i.e., date palm, vegetables). Poor access to extension, business
and financial services can be a major hindrance to the uptake and scaling of CSA practices. Capacity
building among all actors, including restoration staff and the broader farming communities is critical
for the long-term success of the investments, particularly in the Badia. Short-term credit and risk
reduction instruments are crucial for smallholders to transform their farming into a viable business.
However, commercial banks are hesitant to invest in agriculture and are generally only interested
in working with large companies with clear business plans. A supportive policy environment for the
provision of well-developed extension and business services, and the development of credit and
financial mechanisms, potentially with the involvement of the private sector, will be essential.

The development of farmer organizations and better value chain integration are needed to enable
growth of these sectors. Alignment through farmer organizations or cooperatives is essential for
reducing costs of production, mitigating risks, accessing economies of scale, and adding value
in terms of processing and improved technologies that can open export markets. At present, the
effectiveness of cooperatives in playing these roles in Jordan is limited due to institutional constraints
that could be ameliorated. Nonetheless, other forms of group alignment besides cooperatives may
also be productive. Organizations that link farmers with other actors, especially processors, are
particularly important for investments in date palm, vegetables, olives, and small ruminants, and to
a lesser extent barley. Contract farming could be a viable way to integrate smallholders with bigger
businesses to reach new markets. Lack of coordinating entities between vegetable farmers, processing
and storage, and markets can cause over-flooding that lowers prices and exacerbates food loss, while
a similar deficit in coordination of processing and marketing of animal by-products has prevented
the development of a small ruminant milk industry. Integration and strengthening of value chains
between small and medium farmers and larger companies will expand market access and facilitate
quality improvements, and is essential for vegetables, date palm and olive sectors.
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Socio-cultural aspects are key to any investment, and are particularly relevant to investments
in the Badia. The small ruminants and Badia restoration project will thus require very robust local
community engagement. Trust will be important here, and the use of participatory approaches, taking
into account people’s livelihoods and lifestyles, gender norms, and power structures will be critical for
success. Particular attention needs to be paid to the involvement of women who play an important
role in the management of small ruminants and processing of by-products and milk products, but it
will also be challenging considering traditional hierarchies.

Most of these challenges or constraints are embedded in the policy environment. Hence supportive
policies will be required to develop appropriate public service and encourage participation of the
private sector where possible. This is most striking in the case of barley as the main livestock feed.
Huge political and financial support is provided to herders through barley subsidies, which has
increased livestock numbers with overgrazing of the Badia and further degradation. Hence, it is of
strategic importance to produce more barley locally and organize small ruminants in concentrated
farming systems in the Badia. Policies addressing quality standards should also be considered, for
example a certification scheme for processing and marketing of olive oil thatincentivizes CSA practices
and private sector investment. Subsidies should be designed to help people without harming the
environment, e.g., by linking subsidy to technology and outputs instead of inputs. Policies that
consider the key barriers for each investment are key to achieving robust CSA.

6.5. Alignment of CSA investments with national policies and key priorities

Numerous national policies support climate change action and adaptation, while very few explicitly
support CSA. Table 6.4 illustrates how recent policies, discussed further below, have increasingly
supported agricultural resilience.

Table 6.4 Recent Jordan plans, policies and frameworks supporting climate change, adaption, mitigation or

Climate
Policy, plan, or framework “m Adaptation | Mitigation

Sustainable Arab Agricultural

Development 186 2005-2025 Medium
---
Jsc::g?:gl;gyerty Reduction 2013 Medium Low
ey Ao, NAP 2005200
Resient Water Sector 206 "
o I
National Water Strategy™? 2016-2025 -— Low

Elge‘ewr: Growth National Action GGNAP 2021-2025 _ Medium
;llztrig:\al Economic Growth JEGP 2018-2022

*Publication forthcoming.
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There exists a robust opportunity to further align national policies with the NDCs in terms of CSA
objectives. Climate change and adaptation are strongly recognized throughout many national
policies while mitigation is less frequently mentioned (though highly acknowledged when included).
However, most of the plans and policies fall short of explicitly including climate smart agriculture,
creating a misalignment with the NDC Action Plan. Repositioning this language framework will help
enable cross institutional alignment and integration, ensuring collaboration across departments and
preventing loss of support for initiatives that are otherwise aimed in the same direction.

The National Climate Change Policy reflects the priorities and objectives of both environmental
and development sectors with linkages to global responsibilities. This commitment identifies policy
priorities and guidelines, instruments for addressing climate change, and provides a legal framework
for future elaboration of national climate change policy. The policy sets the stage for international
support, multi-stakeholder coordination and public-private partnerships in achieving CSA objectives.
Components of the NCCP, along with the Third National Communication on Climate Change, Climate
Change Policy for a Resilient Water Sector, and Green Growth National Action Plan align most closely
with the NDC Action Plan.

Table 6.5 Links between CSA investments and national priorities

Poverty Food Jobs and Women Value Chain Export/ Water Environmental

CSA investment youth

employment

Most of the CSA investments are aligned with Jordan’s national priorities, both in terms of high-

reduction | security opportunities | development trade allocation Conservation

Small ruminants

level objectives and specific investment activities (Table 6.5). Five of the investments (i.e., date
palm, vegetables, olive, small ruminants, and to a lesser extend barley) are directly linked to multiple
national priorities (i.e., poverty reduction, food security, jobs and youth employment, value chain
development, and water allocation). The CSAs facilitate national priority activities that harmonize with
the SDGs. The CSAs are directly attached to goals including poverty reduction (SDG 1), hunger (SDG
2), employment and economic growth (SDG 8), sustainable communities (SDG 11), and climate action
(SDG 13). CSA activities supporting the national priorities upholds Jordan's commitment to the 2030
Agenda for Sustainable Development™ to ensure a resilient, prosperous, and inclusive economy.

Badia restoration aims to address national goals related to environmental conservation and water
allocation, a key priority of several national policies and plans. Mitigating water issues is highlighted
in the National Strategy to Combat Desertification, the National Water Strategy, and the Third
National Communication on Climate Change. These policies aim to guide management of water
resources and sustainable water and sanitation services considering climate imperatives. The Badia
restoration package directly contributes to these goals by increasing water availability through
rainwater harvesting and specific water conservation structures.

Climate smart agriculture and water access are increasingly recognized as national priorities of

concomitant importance. Overall, there is widespread recognition among relevant ministries that
water access and allocation play a critical role in the development of the agricultural sector and will
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likely become more urgent in the future due to climate change. Although fewer policies recognize
the critical role CSA holds for supporting productivity of the agricultural sector, by adapting existing
practices and technologies to address these challenges, there is scope to further develop these
packages with strong involvement of relevant ministries and other partners. Jordan's stable and secure
political environment in the Middle East is considered of critical importance by most other countries,
providing opportunities for investments and cooperation with key donors, country delegations and
private business.!

Since water availability for irrigation is expected to decrease by 20-25% as a result of climate
change and increasing appropriation for human consumption™, it will be critical that policies
and programming facilitate the best use of water by considering the water productivity value for
agricultural investments. Water productivity is not only the biophysical measurement of agricultural
outputs per unit of water, but also with respect to economic returns, water productivity is a value
representing benefit per unit of water in terms of, e.g., dollar value, nutrition, employment, or
environmental resources.”® Table 6.6 below shows the potential impact on water productivity and
water savings for each investment package.

Table 6.6 Estimated crop water productivity under current practices and proposed CSA packages

Mean
producer price

. Water use m*/ WP gross USS$/
Conventional CSA Yield kg/du* WP kg/m? Savings®

practices packages (%)*

Open-field  Date paim 5000 1000 500 1400 10 071 04 70 40 50 +25
vegetables Medjool
Open-field  Greenhouse 5000 15000 500 = 375 10 40 04 05 40 200
vegetables vegetables
Open-field  Hydroponic 5000 30000 500 150 10 200 04 05 40 | 100
vegetables vegetables
Rainfedolives Improvedolives 5545 400 500 500 06 08 10 12 06 096  +60
(fruits) (fruits)
Rainfed olive  Improved olive
oil (20% of oil (22% of 60 80 500 500 012 016 50 70 0.6 112
fruits) fruits)
Barley Barley with 50 400 150 400 033 100 042 042 014 042
without water  marab WH ' ' : : ! :
harvesting )
Barley with 50 200 150 300 033 067 042 042 014 028 +100
runoff strip WH
Rangelands, Restored

ET 10% of
total rainfall

rangeland, ET
50% of total
rainfall

Given constant rainfall, ET, biomass production (rangeland species), and,
consequently WP, increase fivefold, from 10% to 50 %.

Note: ET = evapotranspiration; Conv = current conventional practices; WP = Water productivity; WH = Water harvesting

* Average yields per dunum (0.1 ha) of 2018 in Jordan

**Calculated evapotranspiration (ET)

t Mean producer sales prices as of 2018 in Jordan

# Based on gross sales, costs of production not included. As such, these are not net gains and should not be considered a comparison across
investment packages, but rather a comparison of conventional vs. CSA production.

§ Water savings for same gross sales or increased gross sales for same water consumption.

Sources: date palm water use,” Badia restoration water use,*® yields and produce prices?

Hydroponic vegetables show the highest water savings, followed by greenhouse vegetable
production systems, indicating the CSA investment in protected vegetables provides the best
value in terms of water productivity. Water productivity and savings calculations do not account
for investment costs and thus reflect only water efficiency. Government incentives such as credit or
low interest rates will be necessary to diminish barriers to entry for farmers to invest in hydroponic
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or greenhouse structures. In order to significantly reduce groundwater reliance in agriculture,
hydroponics is recommended in the highlands, where groundwater is heavily relied upon for crop
production and fruit trees.

Given the diminishing allocation of water to agriculture and increasing amount of groundwater
designated for human consumption, these CSA investments would relieve agricultural pressure on
groundwater.?? Especially in the highlands, policies of replacing current water-inefficient agricultural
systems with high-value vegetables in hydroponic systems would cut down pumping by at least
80% for the same returns. Water productivity and water savings are projected to increase in five of
the six packages. Limitations did not allow for calculations pertaining to the small ruminants. While
restoration of rangeland in the Badia cannot be evaluated to compare sales, the investment would
contribute to a fivefold increase in biophysical water productivity that carries benefits in green water

use for agricultural and environmental activities.

Current policies related to agriculture and water aim to improve irrigation efficiency and enhance
land productivity (kg/dunum). Increasing land productivity generally requires more water than is
available. Agriculture land is therefore no longer the most limiting resources; rather, water greatly limits
agriculture in Jordan. As water availability continuously decreases, the only way to increase or at least
maintain current production levels is by increasing water productivity. New policies therefore need
to target water productivity in addition to land productivity. This priority requires directing subsidies
and other policy instruments to encourage cropping patterns, irrigation systems and management,
advanced technologies, and investment to maximize water productivity. The CSA packages indicated
above are among the options that can increase biophysical and economic water productivity and
nutrient-related, environmental water productivity, and social benefits.

6.6. Contribution of CSA investments to the NDC Action Plan

The aforementioned national priorities and policies heavily informed the NDC Action Plan approved
in 2019. The national guidelines helped to identify practices with potential to be applied in the context
of CSA. Many of the national priorities listed in Table 6.5 strongly support Jordan’s NDC Action Plan
submitted to the Paris Accord in 2016. The initiatives share similar goals including a climate resilient
economy, a secure food system supported by adaptive measures to climate change in the water
and agricultural sectors, and enhancing livelihoods through capacity building and opportunities for

vulnerable communities, including rural smallholders, youth, and women.

The proposed CSA investments’ contributions to the NDC Action Plan objectives are strong and
stretch beyond the outcomes and outputs targeted to the agricultural sector. Table 6.7 presents an
overview of the contributions of the CSA investments to the different aspects of each objective. The
key elements listed here are relatively narrowly defined within the NDC Action Plan as compared to
broader international definitions. Adopting the broader definitions of these elements may be a good
opportunity for meeting international commitments, unlocking supportive international funding,
and more easily comparing national statistics to others in the regions. This is particularly applicable to
resilience of agricultural systems and sustainable farming practices.



Table 6.7: Alignment of CSA investments with NDC Partnership goals

Scale up energy
efficiency

Low emission Use renewable
economy energy

Mitigate methane gas
emission

Reduction of water
loss

Reduced water
pollution

Adapttoclimate Increase water

change availability

Agricultural system
resilience

Enhance resilience
rural communities

Protect natural
eco-systems

Ena_bhng Increase resilience
Environment vulnerable groups

Institutionalize
capacity building

Use of renewable energy is a component of several CSA packages that align with the NDC objective
promoting a low emission economy. For the transition to a low emissions economy, the NDC Action
Plan refers to energy efficiency measures, the adaptation of solar energy and other renewable
resources and mitigation of methane gas emissions. While this mainly refers to the industrial,
buildings and urban sector, it also targets the water and agricultural sector. Energy efficiency in the
water sector highlights the importance of water utilities, and solar energy for water pumping and
the use of solar PV systems are explicitly mentioned. Although mitigating emissions is not the main
purpose of the CSA investments, several of the packages include mitigation as a co-benefit. Examples
include relatively moderate energy use for irrigation and fruit processing of date palm; relatively low
use of energy for protected vegetable and potential use of renewable energy for cold storage; use of
alternative energy (solar) in pressing mills for olives and recycling of biosolids and liquid waste; and,
renewable energy for processing of dairy products of small ruminants.

The adaptation of the water and agricultural sector to the impacts of climate change is at the heart
of the proposed CSA investments. For water, the NDC plan refers to reduced loss of water, reduced
pollution, and increased water availability. Investments on vegetables, date palm, and olives aim to
reduce loss of water through the use of modern irrigation systems (vegetables) or soil-water-nutrient
conservation (date palm, olive); indirectly Badia restoration also contributes to reduced rainwater
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losses through restored vegetation and halting soils degradation. The reduction of water pollution
is addressed in the date palm sector through the reduction of date palm waste. CSA investments
on barley and Badia restoration aim to increase water availability through rainwater harvesting
and specific measure to conserve water. For the agricultural sector, the NDC Action Plan refers to
strengthening the resilience of agricultural system and of rural communities. The former includes
rehabilitation of rangeland and grazing reserves; forestation and afforestation projects; reclaiming
land for productive use; conserving local landraces; adopting sustainable land use management;
and improving cropping patterns and crop varieties. Rehabilitating natural landscapes is an integral
benefit of the Badia restoration project, as well as CSA investments on small ruminants and barley.
Increasing resilience of rural communities refers to the improvement of skills of rural women and rural
households in livestock rearing, gardening, food production, and marketing; deploying community-
based management of sustainable recreational parks; and launching ecosystem-based enterprises
in forested areas. These elements resonate well with both the investment on small ruminants and
Badia restoration.

CSA investments in the Badia contribute directly to the resilience of natural ecosystems. The
NDC Action Plan refers to “improving conservation status of climate vulnerable ecosystems and
strengthen adaptive capacities of key ecological hotspots”, as well as the “integration of carbon sinks
into mitigation & adaptation policies.” The Badia's expansive lands hold both cultural and ecological
significance that fits this definition, and restoration of the Badia contributes to both NDC goals.
Indirectly, the expansion of barley production and concentrated farming systems for small ruminants
may eventually also contribute to reduced land degradation and increased land carbon storage.

Enabling rural economic opportunities and poverty reduction is an objective of several CSA
investments. Generally, the CSA Action Plan complies with building resilience of socio-economically
disadvantaged (rural) communities and groups; more specifically the NDC action plans refers
to enhancing income of rural families living below the poverty line and expanding income and
agricultural productivity projects that target poor rural households (including gender responsive
programs). Both goals apply to programs in the Badia (i.e., barley, small ruminants, and Badia
restoration) as the region is primarily rural with fewer economic opportunities currently available.
Other CSA investments (date palms, vegetables, and olives) aim to address similar goals as they
encompass potential for employment opportunities.

Capacity building is a key element of strengthening resilience seen across all six investments. The
NDC Action Plan refers to capacity building across the board, including the adoption of an M&E
framework; incentivizing institutions to plan for mitigation and adaptation measures and to develop
and deliver climate resilient services; providing training to conduct feasibility studies for selected
projects; and raising awareness about climate change across institutions and sectors. These efforts
align well with the CSA investments and the CSA Action Plan more generally. Overall, the CSA
investments seem well aligned with the NDC Action Plan, proving scope for further policy alignment
and support, as well as compliance with M&E frameworks to be able to account of progress made in
terms of resilience, adaption and mitigation.

6.7. Financing opportunities for CSA programming

The NCD Acton Plan also mentions the importance of institutionalizing climate funding processes for
raising and delivering climate finance. This is to be accomplished by strengthening the institutional
capacity of Jordan Environmental Fund and create a revolving loan fund to support mitigation and



adaptation efforts of farmers.

Greater effort needs to be placed on accessing international climate finance instruments while also
ensuring availability of local-level public and private financing instruments for investments in CSA.
Jordan strongly depends on international investments, although funding for the agricultural sector
and especially CSAin the country has so far been limited. There is only one agricultural credit institution
in Jordan; and private sector activity in Jordan remains far below potential as a result of restrictive
policies. While there is scope for private-sector investment for CSA in high value commodity markets
(date palm, vegetables, possibly olive) in general the private sector seems hesitant to invest in the
agricultural sector. Moreover, it was noted that no commercial bank or finance institution will invest
in agricultural production in the Badia (barley, small ruminants and especially Badia restoration). For
this reason — in addition to the private sector’s reluctance to get involved and the significant public
benefits of restoring the region — the role of multilateral and bilateral development organizations will
need to be significant. Also blended finance, in which public money is used to reduce the risk of the
private sector, should be further explored.

There are many potential private, public and international funding sources and instruments. Some
key public and private sources are summarized here.

+ Public funding sources and tools:
-National institutions: government budgets; state-owned enterprises; sovereign wealth funds,
central and state banks
-Public financial intermediaries: bilateral/multilateral aid agencies; national, regional, and multi-
lateral climate funds; national, bilateral, regional, and multilateral development finance institutions;
United Nations (UN) organizations

« Private funding sources and tools:
-Private finance institutions: smallholder and community organizations; microfinance institutions;
revolving funds; cooperative banks
- Private sector: agribusinesses; corporations; private capital project developers; private national and
multinational companies
-Private financial intermediaries: domestic and international commercial financial institutions,
venture capital, institutional investors, private equity funds

UNFCCC negotiations have mobilized opportunities for climate financing from both public and
private sources to help reduce emissions and increase resilience against the detrimental effects
of climate change.?® Climate financing describes the flow of money from country to country and
via international institutions (e.g.,, Green Climate Fund, African Development Fund, Strategic
Climate Fund) to support climate change-related activities, programs, or projects, for mitigation or
adaptation. Initially agreed upon at the Copenhagen Accord in 2009 and further reinforced In the
Paris Agreement in 2015, wealthier nations have pledged to give poorer nations US$100bn annually
to tackle climate change.?** The type of finance provision varies (e.g development aid, private equity,
loans, or concessional finance) and is tracked database collated by the Organisation for Economic
Co-operation and Development (OECD).2* Jordan has received in excess of US$100 million since 2015
for climate finance programming from World Bank, GEF-6, the Clean Technology Fund, the Green
Climate Fund, and the Adaptation Fund.?**® Most notable among these is the “Increasing The Resilience
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Of Poor And Vulnerable Communities To Climate Change Impacts In Jordan Through Implementing
Innovative Projects In Water And Agriculture In Support Of Adaptation To Climate Change” project.2”
This US$ 9.2 million initiative, approved in 2015, is funded by the Adaptation Fund and hosted by the
Ministry of Planning.2%®

There are different types of financing instruments to explore. Capital instruments can vary from
public finance instruments such as direct investment, taxes, subsidies, and grants, as well as loans,
bonds, public budget allocation, private equity, result based finance and purchases, etc. Further, risk
instruments can be used, such as credit guarantees, insurance, and off-take agreement. Blended
finance (Figure 6.1) could be particularly relevant in the context of Jordan and the investments
proposed, and should be further examined.

Figure 6.1 Blended finance mechanisms and structures

/‘ Example Structures

. . . Structure
Market-rate Private equity or debt funds with
concessional public or philanthropic funding
Private attracting institutional investment
Capital
Bond or note issuances, often for infrastructure Structure
projects, with guarantees or insurance from
Blended public or philanthropic funders Lo
o
Mobilizing Finance
st ructures Grant funding from public or philanthropic Structure
funders to build capacity of investments to TA
Development achieve expected financial and social return ; facility
Equity
Funding
(Public &
philanthropic Concessional Grant funding from public or philanthropic Structure
funders) funders to design or structure projects to

\ attract institutional investment 9

Blended finance can be used to mobilize public and private finance to scale up successful, high
potential CSA investments. Blended models that capitalize on public funding to offset risks of private
finance are increasingly important and emphasize the key role of the private sector and leveraged
investments. This does require an enabling context, involving policy and regulations to enact
mandatory reporting. Increasing the ease of running a farm business can offer incentives for small/
medium farmers to invest in technologies for CSA and reduce supply chain vulnerability.

Other financial sources could be tapped to distribute climate finance programming through
innovative finance mechanisms that are already widely used in other sectors. Currently, climate
funding seldom leverages capital from other players. Among these, examples include incentivizing
payments for and increasing the variety of environmental services. Blended finance approaches offer
high potential and include private sector technical assistance funds, concessional capital, guarantees
or risk insurance, private finance design-stage grants, and/or results-based financing that comes
from the public or philanthropic funds, which can make investments more attractive for commercial
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and institutional investors.

Making finance accessible at the farmer and SME levels can be achieved through the bundling of
finance, productivity, and market access services.?® For farmers, finance may be bundled with input
provision, training, advisory, technology, off-taking, and market access services. For farmers and small
and medium enterprises, finance services may be bundled with business development, advisory,
technology, market, and partnership-brokering services. Local organizations, such as cooperatives,
can be important platforms for increased access to finance through initiatives such as revolving credit,
collective savings and finance mobilization, equipment sharing, and bulk purchasing and sales for

improved bargaining power.

The proposed CSA investments provide opportunities for sustainable growth. This includes the
transition to new practices and the adoption of new technologies. In addition to accessing credit that
enables these changes, smallholder households want ease of payment, insurance, and savings to
transact more effectively, manage risk, and smooth cash flows. By addressing these factors farmers
can improve the quantity and quality of production, while at the same time addressing other risks and
bottlenecks in supply chains and the food system more broadly. This creates an enabling environment

for attracting private finance.

PAGE 91



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN



Chapter

Climate-Smart Analysis for
CSA investments

Highlights

+ At both the farm and aggregated levels, our cost-benefit analysis (CBA) shows a positive net
presentvalue (NPV) and internal rate of return (IRR) for all CSA packages, indicating a generally
good return on investment.

+ Using the Adoption and Diffusion Outcome Prediction Tool (ADOPT), we predict high maximum
adoption rates for all CSA investments--93% to 98 % within a 20-year period. Diffusion rates
differ, presumably due to the diverse characteristics and learnability of the target beneficiaries
of each package.

+ The CSAinvestment packages have various levels of sensitivity to discount rate, climate change,
and output price variability.

+ All the investment packages proposed by this CSA Action Plan have a negative net carbon
balance, with a total reduction potential of greenhouse gas (GHG) emissions of 823,665
tCO2-eq, representing a value of more than US$ 25 million based on a carbon price of
US$30.65/tCO2-eq.

- Badia restoration contributes most to GHG emission reduction (64 %), followed at a distance
by small ruminant and date palm value chains (12-13% each) and then vegetable value chains
(4.6%); investment packages on olive and barley contribute least (3.4% each).

« Overall, taking a value chain approach reduces the payback period for most CSA investments
substantially, while increasing financing opportunities through private-sector involvement.
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7.1 Cost-benefit analysis and greenhouse gas mitigation assessment

Within the context of program design, detailed modeling was conducted to predict the potential
performance of selected CSA investments in terms of productivity, resilience, and mitigation, subject
to expected cost, social and climate risks, and their potential impact on outcomes. The cost-benefit
analysis (CBA) and GHG mitigation assessment presented in this chapter provide a quantitative
evaluation of the CSA investments, complementing the broader qualitative assessment in the
previous chapter. Together these quantitative and qualitative perspectives provide the ingredients for
the overall design of a CSA program as part of this CSA Action Plan.

The chapter starts by assessing the profitability of the proposed CSA investments at the farm level
and the aggregated investment-package level, followed by a GHG emission assessment. The CBA,
includes input and production costs under on-farm analysis. For large scale investment we provide a
value chain perspective, taking into consideration post-harvest, processing, storage, marketing, and
institutional costs whenever possible — dependent on data availability. We discuss profitability under
climate change for different CSA investments, and how sensitive or resilient these investments are
under varying conditions. Along with the impact of climate change on productivity and resilience,
GHG emissions were assessed for each CSA investment package compared to current practice, as
well as the impact on GHG emissions at the program level. Table 7.1 provides an overview of the
investment packages with key components along the value chain.

Table 7.1 Key components of investment packages across the value chain

Date Palm - High quality varieties - Improved cultural - Collective post-harvest - Collective marketing
-Plant protection practices (soil-water- facilities (processing and  infrastructure
program nutrient conservation) storage)

- Modern (drip)
irrigation

Vegetables - Protected greenhouse - Precision farming (with - Cold storage facilities - Quality certification

sensors) and modern (with renewable energy) = schemes (for high value
(drip) irrigation - Grading and sorting export markets)

- Hydroponics for high facilities

value vegetables (in

highlands)

Olive Reduced water pollution - Micro-catchment - Cold pressing - Global GAP

water harvesting . Certification
- Solar energy for mills

- Modern harvesting - Reducing solid/liquid

technology f
waste of processing

- Improved cultural

practices (soil-water-

nutrient conservation)

Barley - Improved varieties - Micro-catchment

Small ruminants
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- Fencing

water harvesting

- Precision farming

- Concentrated farming

- On-farm fattening
through balanced feed

- By-product processing
(especially milk)

- Cold storage
(renewable energy)

- Product differentiation
and marketing



NDC objective Element Date Palm Vegetables Olive

Badia - Selection of suitable - Planting shrubs/
restoration sites grasses with macro-

. . water harvestin
- Nurseries for seedlings 9

- Construction of bunds/  ~ Controlled grazing

contour ridges at large
scale

*Elements in italic could not be included in the CBA due to the lack of data

7.2 Farm-scale incremental profitability of CSA investments

We first employed a CBA to assess the financial profitability of different CSA packages at the farm
level. CBAs are widely used to value and compare the costs and benefits of CSA interventions, in order
to guide decision on whether an investment should be implemented given limited resources.?"22 23
At the farm level, an ex post facto CBA was used because these CSA interventions have already been
tried or implemented by several farmers or areas.

We used the two most common CBA indicators, net present value (NPV) and internal rate of
return (IRR), to estimate the incremental net profitability of commodities produced under CSA
and under the conventional farming (see Annex G). A positive NPV and IRR indicate a positive net
incremental benefit, or profitability. The higher the NPV and the IRR are, the higher profitability of
the CSA intervention. It should therefore be underlined that the NPV/IRR relate to the incremental
impact of the CSA interventions compared to conventional practices and is not the NPV/IRR of a
new investment using such practices. In other words, such NPV/IRR do not relate to the potential
profitability of the agriculture sector but of a specific additional investment within the sector. Payback
period is a measure for the number of years it takes for the investment to reach break-even.

In general, all CSA packages are profitable at the farm-scale level, as the NPV and IRR of incremental
net-benefit are positive for all CSA packages (Table 7.2). Barley and Badia restoration bring the
lowest benefit at the farm level. However, the IRR of these two packages is relatively high, and the
payback period is also shorter than for other packages due to the low initial investment costs at the
farm level. On the other hand, the vegetables package has a high NPV, but its IRR is low at 9% to 11%
due to substantial farm-level investments, and the investments also take longer time to reach the
break-even point (8 to 10 years). We discuss the farm-level CBA for each package below.

Table 7.2 Farm-level Cost-Benefit Analysis of CSA packages (20 years)*

CSA package** ‘ Initial investment cost JD)*** | NPV@6% (ID) ‘ IRR (%) ‘ Payback Period (years)

Date palm 792 1,749 10 12
Vegetables (a) 42,743 9,064 9 9.8
Vegetables (b) 39,743 14,384 11 8.9
Vegetables (c) 44,743 7177 11 10.3
Olive 1,682 4,521 58 3
Barley 47 655 41 4
Small ruminants 25,838 50,442 40 3
Badia restoration 1.79 60.67 17 3

* A farm-level CBA is scaled at 1 dunum (0.1 ha). For small ruminants, the CBA is for 150 heads.
**Vegetables: (a) open field to greenhouses; (b) low tunnels to greenhouses; (c) open field to hydroponics

***1JD = USS$ 1.41
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Date palms. The NPV of converting open-field vegetables — squash in this case - to date palm is JD
1,749 per dunum at a 6% discount rate, and the IRR is 10%. The date palm package requires a shift
from annual, open-field vegetables to a perennial crop. While annual crops bring yearly financial
returns, perennial crops require several years until the first harvest. In the case of date palms, the
harvest starts in year 3 and reaches maximum vyield at year 10. As such, the payback period of this
CSA package at the farm level is 12 years. During the first five years, farmers can intercrop annual
crops such as onions when the date palms are still young. The initial investment cost for date palms
is JD 792, higher than the annual cost of open-field squash production. The high investment cost
for date palms, over and above the price of high-quality varieties like Medjool dates, results from
the mechanized processes of land preparation, fertilizer application, and irrigation. When reaching
maximum yield, date production generates JD 2,400 in revenue per dunum, higher than open-field
squash. However, the cost of harvesting and post-harvest processing and storge of dates is also high,
leading to a small incremental net benefit annually, from JD 792 to JD 1,132 per dunum.

Vegetables. Three options for transitioning to CSA were considered in the vegetables investment
package: (a) open field to greenhouses; (b) low tunnel to greenhouses; and (c) open field to
hydroponics; squash and tomatoes were used as representative crops. The incremental NPV and IRR
of the second option were the highest among the three. In all the options, a substantial investment
cost is required to establish a greenhouse or hydroponic system. The cost of setting up a greenhouse
with a ventilator, an advanced drip irrigation system, and a sensor for precision farming is about JD
42 per square meter?® and JD 44 per square meter for hydroponics.#® When converting open-field
production to a greenhouse or hydroponics, the cost is JD 3,000 to JD 5,000 higher than switching
to a greenhouse from existing low-tunnel production. As result, the incremental NPV and IRR of the
second option — shifting from low-tunnel to greenhouse production — are the highest among the
three options. The high investment cost, however, arises only in the first year. From the second year,
the revenue or income from vegetables produced using greenhouses or hydroponics is three times
higher than the annual cost, and about seven times higher than the revenue of open-field vegetables
in conventional farming. However, because of huge initial cost, investments in the different options
for vegetable production require about 9-10 years to be paid back.

Olives. The CBA of this package shows a positive incremental NPV (JD 4,521) and high IRR (58%)
per dunum over a period of 20 years. The positive incremental NPV stems from the higher yield
and price of upgraded olive production and processing when compared to conventional practice.
However, the initial investment cost per dunum of upgraded olive production is JD 1,682 higher than
the standard annual production cost. This high cost is mostly spent on the harvesting machine, whose
price is about JD 1,500, and on the batteries for the machine. While recognizing the importance of
employment, investing in a harvesting machine helps to reduce labor costs significantly, as well as
fruit loss during manual harvesting. As result, the net benefit of transitioning from manual labor to
a harvesting machine is only negative in the first year and remains positive from the second year
onwards. It only requires 3 years for the CSA investment in olives to reach the break-even point.

Barley. Introducing water harvesting techniques for barley cultivation brings a positive incremental
NPV of JD 655 per dunum and an IRR of 41% over 20 years compared to conventional rainfed barley.
The positive NPV and IRR of this package derive from water harvesting, which improves the yield of
barley, and from the use of improved varieties rather than the rain-dependent local variety. The initial
incremental benefit of CSA compared to conventional production is negative in the first two years
due to the cost of setting up water-harvesting structures coupled with a 2-year waiting period without
harvests to stabilize the strips. However, these small initial losses are worth the increased net benefit
from year 3 onwards. The investment required for this package takes 4 years to pay back.



Small ruminants. By transitioning from open grazing to on-farm fattening or concentrated farming
systems for small ruminants, the incremental NPV of 150 heads over a period of 20 years is estimated
at JD 50,442, with an IRR of 40%. These high incremental benefits come from significantly elevated
revenue — about 50% higher — from concentrated farming as opposed to open grazing. With this
package, improved revenue is not only derived from increased yield, but also from the prices of
meat, cheese, and milk as well as manure, culling, skin, and wool. However, the investment cost for
concentrated farming systems is also high, at around JD 69,043, which is about 60% higher than the
cost of open grazing in the first year. The investment cost for this package includes improved health
and management of local sheep and goat breeds and the establishment of fencing; investment costs
for milk and cheese processing and storage are considerable, although these investments contribute
to better quality and prices; and finally, the cost to feed the livestock is also higher. However, from the
second year onward, the annual cost of concentrated farming is only about 26% greater than that of
open grazing, mostly due to the cost of feeding the livestock. Regardless of high investment cost, the
payback period of this CSA package is only 3 years as a result of its substantial benefits.

Badia restoration package. At 1 dunum, Badia generates an NPV of JD 60.67 and an IRR of 117 % over
20 years. However, at the farm scale, we only include the labor cost of planting shrubs. Other costs
such as setting up the water-harvesting catchment and machinery including tractors and lasers were
included at large scale level, since this is a landscape-scale investment package. At the farm level,
benefits include avoiding the cost of planting barley, earning revenue from harvesting shrubs, and
reducing the cost of soil erosion compared to barley. The payback period of this package at farm-scale
is 3 years.

7.3 Adoption and aggregated economic profitability

We used the Adoption and Diffusion Outcome Prediction Tool (ADOPT) to predict the adoption rate
for targeted beneficiaries. ADOPT is an online tool that has been developed to predict the probability
of adoption and diffusion of an agricultural innovation for a specific population (see Annex G); factors
that affect the maximum adoption rate and the time it takes to adopt an innovation include the
characteristics of the innovation itself and the characteristics of the targeted population.?'®

Results generated by ADOPT tool show that the predicted maximum adoption rates for all CSA
investments are remarkably high at 93% to 98%. However, each package has different adoption
curves as shown in Figure 71, indicating different rates of diffusion. The speed of adoption is highest
for the CSA package on olives, followed by small ruminants, date palms, vegetables, and then Badia
restoration and barley. The CSA package for olives is predicted to diffuse the quickest among its
target beneficiaries and reaches 86% in year 5 with a maximum adoption rate of 98% at year 10. The
adoption of the small ruminants' package reaches 72% in year 5 and maxes out at 93% in year 9. Date
palms and vegetables follow at 61% in year 5 and a 95% maximum at year 10, and 52% in year 5 and
96% maximum at year 11, respectively. The innovations for Badia restoration and barley are expected
to spread at the slowest rate. For Badia restoration, the adoption rate reaches 39% in year 5 and a
maximum rate of 96% at year 13, and for barley, 31% in year 5 and maximum of 96% at year 15.

The different rates of adoption might be best explained by the characteristics and learnability of the
target beneficiaries of each package. As rated by the experts, the characteristics of each innovation,
in terms of its relative advantages and learnability, are relatively equivalent for all the CSA packages.
Based on expert interviews, the majority of the beneficiaries targeted for the olive package are
oriented toward high profits, environmental considerations, and a long-term management horizon,
with no short-term constraints. The total score for relative advantages of this target population
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was the highest of any CSA package; the learnability of the target population for olives is also high
because the majority of producers have relevant existing skills and knowledge and are aware of the
innovation. As such, the olive package is likely to be easily accepted and adopted. The barley and
Badia restoration packages, in contrast, target a population group who almost all need to learn new
skills and knowledge. Therefore, the adoption rate of these packages is slower. The adoption and
diffusion rate within the small ruminant package seems rather high, given cultural practices of open
grazing in the Badia. Those high rates assume substantial financial and technical support to the
participating communities.

Figure 7.1 Predicted adoption rate of CSA packages
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Aggregated economic profitability refers to the large-scale economic impact of each CSA
investment package. The aggregated economic profitability of the six packages was estimated based
on a combination of the net incremental benefit at the farm level (Table 7.2), the annual adoption
rate (Figure 7.1); and, the large-scale investment costs beyond the farm level, such as for trainings and
equipment for post-harvest storage and processing; and the number of targeted beneficiaries (see
Annex G, Table G.2).

At the aggregated investment level (Table 7.3), date palms, vegetables, small ruminants, and olives
are among the top packages that generate a high NPV, while barley and Badia restoration produce
the lowest NPV. The higher the initial investment cost is compared to the annual incremental benefit
flow, the lower the IRR and the longer the payback period are, and vice versa. Thus, at the farm level,
the CSA packages for vegetables and date palms have the lowest IRR at 9-11%, and they require
the longest payback period of 9-12 years. However, at aggregated investment level, the date palm
and vegetable packages each generate a relatively high IRR: 74% for date palms, and 105-255% for
vegetables. The high returns lead to a shorter payback period at the aggregated level.

Barley and Badia restoration generate a relatively low incremental net benefit at both the farm and
aggregate scales. However, the investments required at the farm scale are significantly lower than the
incremental benefits; thus, the packages have a high IRR. At large scale, the investment cost



Table 7.3 Economic profitability of CSA packages at aggregated investment level (20 years)

CSA package* NPV@6:1°) )(mnllnon IRR (%) (years)
Date palms 800 6.34 1.30 7.64 22.33 74 31
Vegetables (a) 250 106.86 0.37 107.23 38.91 255 1.6
Vegetables (b) 100 39.74 0.19 39.93 18.28 232 17
Vegetables (c) 20 8.95 0.09 9.04 2.91 105 2.6
Olive 1,000 16.82 212 18.94 36.83 93 2.6
Barley 1,000 0.47 0.60 1.07 373 34 55
Small ruminants n/a 23.26 0.54 23.80 36.45 256 1.6
Badia restoration 5000 0.1 1.39 1.49 1.59 16 6.9

*Vegetables: (a) open field to greenhouses; (b) low tunnels to greenhouses; (c) open field to hydroponics

**1JD=US$1.41

74R

for barley is about 93 % of the incremental net annual benefit at the maximum adoption rate, and that
of Badia restoration is 4 times higher than the annual aggregate benefit of the package. This situation
results in a low IRR and longer payback periods for these two packages.

The small ruminant and olive packages have a relatively high NPV and IRR at the farm scale. At
aggregated scale, these packages produce an even higher IRR at 256 % for small ruminant and 93%
for olives. These results mean that these packages enable substantially high profitability both at the
farm scale and at the aggregated investment package level, which can cover the investment cost

within a short period of time.
isks and sensitivity analysis

An analysis of risks and sensitivity was performed for farm-scale NPV (Table 7.4) and aggregated
NPV (Table 7.5) under different climate change and discount rate scenarios. In general, the NPV of
all CSA packages both at the farm scale and at the aggregated level is highly sensitive to the choice of
discount rate. The impact of climate change and output prices, however, varies across CSA packages
and scales of analysis. For example, climate change has a significant effect on the NPV results for date
palms, vegetables, and barley, at both the farm and aggregated scales. In contrast, the NPV results of
olive and small ruminant packages are not influenced much by climate change scenarios. Similarly,
the variability of output prices leads to a wide distribution of NPV results for date palms, vegetables,
and small ruminants but not for olives or barley. We discuss the sensitivity of each CSA package in

detail below.

Date palms

Date palms are among the packages that are highly sensitive to all three factors: discount rate,
climate change, and output price variability. Figure 7.2 shows the farm-scale NPV of date palms under
NoCC and CC scenarios and under three different discount rates: 2.5%, 6%, and 9%. Converting from
open-field vegetables like squash to date palms under NoCC is profitable at 2.5% and 6% discount
rates, but not at 9%, because the mean farm-scale NPV at a 9% discount rate is negative (JD -105).
However, under CC, the date palm package shows a positive NPV at all three discount rates. The mean
of its NPV under CCis significantly higher than under NoCC because under CC, the yield of date palms
increases more than the yield of squash, resulting in higher incremental net benefit at farm scale. At
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large scale, the date palm package is even more profitable under CC (Figure 7.3). The difference in the
means of aggregated NPV between NoCC and CC is about 35%. This result highlights that date palms
have the benefit of being comparatively more resilient to climate change than open-field squash.

Date palms are highly sensitive to price variability. In Figures 7.2 and 7.3, the length of the box plots
indicates a wide distribution of NPV amounts at both scales under all CC and discount rate scenarios.
This distribution results in part from the broad range of date prices from 1.5 JD/kg to 4 JD/kg. As a
result of this sensitivity, there is a risk of a negative NPV at the farm level in some scenarios besides the
9% discount rate under NoCC. For example, if the date price decreases, the package is not profitable
at a 6% discount rate under NoCC; the lower limit NPV is -491 JD. The package is also not profitable
at a 9% discount rate under CC; in this case, the lower limit is NPV is -312 JD. At aggregate scale, the
date palm package is profitable regardless of price variability. (Please note that the mean NPV of date
palms at a 6% discount rate in this section is slightly different from the reported value in Table 7.2 and
7.3. This is because the mean NPV here is generated from simulations of output prices, while in the
previous section it is estimated based on a single, static price.)

At the farm level as opposed to aggregate scale, the NPV of date palms is more sensitive to discount
rates. At the farm level, under NoCC, the mean NPV ata 2.5% discount rate is 31% higher than the NPV
at 6%, and 103% higher than the NPV at 9%. Under CC, meanwhile, the mean NPV at a 2.5% discount
rate is 57% higher than at 6%, and 85% higher than the NPV at a 9% discount rate. At larger scales,
discount rates have a smaller impact on the aggregate NPV. This is due to the high initial investment
cost at the farm scale, whereas at the aggregated scale, the investment cost is low compared to the
generated incremental benefit. At elevated discount rates, the significant investment costs at the
farm level become more expensive, resulting in a lower NPV.

Figure 7.2 Sensitivity analysis of the NPV of the date palm package at the farm level
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Figure 7.3 Sensitivity analysis of the NPV of the date palm package at the aggregated scale
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Vegetables

The vegetables package, like the one for date palms, is highly sensitive to discount rates, climate
change, and output prices. Sensitivity results for the vegetables package, with its different transition
options, are presented via a series of box plots (Figures 7.4-7.9). Overall, across all three discount rates,
the mean NPV at both the farm and aggregate scales is higher under CC than under NoCC . The
difference in mean NPV between NoCC and CC scenarios is more obvious at low discount rates than
at high ones, and at aggregate scale than at the farm scale. Therefore, regardless of the high initial
investment costs involved, converting from open-field or low tunnel production to greenhouse or
hydroponic production brings great profits particularly under CC.

There is considerable variability in vegetable prices. The maximum price of tomatoes is 50% higher
than the average price and 75% higher than the minimum. This fact leads to large standard deviation of
NPV results. However, as is the case for the date palm package, the aggregated NPV of the vegetables
package is always positive regardless of price variability across all scenarios. At the farm scale, when
converting from open-field to greenhouse or hydroponic production, low vegetable prices result in
the risk of a negative NPV at a 9% discount rate under NoCC. In case of conversion from low tunnel
to greenhouse production, the package shows a positive NPV across all scenarios and price ranges.
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Figure 7.4 Sensitivity analysis of NPV for vegetables package (a) (open-field to greenhouse) at farm-scale
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Figure 7.5 Sensitivity analysis of the NPV of vegetables package (a) (open-field to greenhouse) at the
aggregated level
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Figure 7.6 Sensitivity analysis of the NPV of vegetables package (b) (low tunnel to greenhouse) at the farm
level
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Figure 7.7 Sensitivity analysis of the NPV of vegetables package (b) (low tunnel to greenhouse) at the
aggregated level
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Figure 7.8 Sensitivity analysis of the NPV of vegetables package (c) (open-field to hydroponic) at the farm
level

Farm-scale NPV (ID)

Figure 7.9 Sensitivity analysis of the NPV of vegetables package (c) (open-field to hydroponic) at the
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Olives

The profitability of the olive package depends on the discount rate, but not on CC scenarios or the
output price (Figures 7.10 and 7.11). In general, the farm-scale and aggregated NPV of olives under
NoCC are higher than under CC. This result differs from date palms and vegetables, where we observe
a higher NPV under CC, because the olive yield is anticipated to decrease in a changing climate,
while date and vegetable yields are expected to increase. Even though the olive yield produced
under conventional farming (CF) is more impacted by CC than climate-smart olive production,
the difference in the impact of climate change on CF and CSA is not enough to result in a higher
incremental benefit under CC. Nevertheless, the difference in the NPV for the olive package between
NoCC and CC scenarios is marginal at less than 1%.

The choice of discount rates affects the profitability of the olive package at both the farm and

aggregated scales. The NPV at the farm and aggregated scales at a 2.5% discount rate is about
double the NPV at the 9% discount rate.
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Price variability does not significantly influence the incremental profitability of the olive package

because olive oil and olive pickle prices do not fluctuate widely. The gap between the minimum and

maximum prices of olive oil is only about 22%. The standard deviation of the NPV of the olive package

at both the farm and aggregate scales is therefore smaller, as observed in shorter box plots, than for

date palms and vegetables. Overall, no risk of negative profits is anticipated for this package across

all scales and scenarios.

Figure 7.10 Sensitivity analysis of the NPV of the olive package at the farm level
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Figure 7.11 Sensitivity analysis of the NPV of the olive package at the aggregated level
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Barley is sensitive to the selection of discount rates and to CC scenarios, but not to output prices.

The CSA package for barley shows higher profitability under CC than NoCC at both the farm scale and

aggregate scales (Figure7.12 and Figure 7.13). The difference between minimum and maximum barley

prices, at 14% to 28%, is not large, resulting in a narrow range of NPV amounts as seen in the short

box plots. The gap between the farm-scale and aggregated profitability of the package and between

low and high discount rates is up to more than 50%. Overall, the package shows a positive NPV across

all scales and scenarios.
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Figure 7.12 Sensitivity analysis of the NPV of the barley package at the farm level
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Figure 7.13 Sensitivity analysis of the NPV of the barley package at the aggregated level
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The profitability of the small ruminant package, like the olive package, is not highly impacted by
climate change. Figures 7.14 and 7.15 show a slightly higher NPV under CC, unlike for the olive package
because of the higher profitability — 137% at the farm scale — of small ruminants produced under
CSA compared to CF. In addition, conventional small ruminant farming is expected to yield 30% less
revenue than small ruminants produced under CSA. The combination of these two factors results in

a higher incremental benefit under CC, even though the difference is minor.

The CSA investment is about 50 % more profitable at low discount rates than at high discount rates
at both the farm and aggregated levels. Price distribution also affects the range of NPV amounts

as shown in the longer box plots and large standard deviation. However, in general this package is

always profitable because a positive NPV is observed across all scales and sensitivity scenarios.
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Figure 7.14 Sensitivity analysis of the NPV of the small ruminant package at the farm level
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Figure 7.15 Sensitivity analysis of the NPV of the small ruminant package at the aggregated level
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Badia restoration

We conducted a sensitivity analysis of the NPV of the Badia restoration package at the farm and
aggregate scales under three different discount rates (see Table 7.4 and 7.5, which provide an
overview for all investment packages). We assume that Badia is highly resilient to climate change,
and so climate change has no impact on the package.

At a low discount rate of 2.5%, the farm-scale NPV is about 47% higher than that at a 9% discount
rate, while aggregated NPV is about 67% higher. It should be noted that the benefit of Badia
restoration analyzed in our CBA include gaining revenue from shrubs as forages for livestock and
avoiding the cost of soil erosion. However, Badia restoration could generate various environmental
and social benefits: for instance, recharging groundwater aquifers, increasing biomass, reducing
sand storms, improving health and social welfare, and carbon sequestration. If we had assigned a
monetary value to these environmental and social benefits and included them in the analysis, the
profitability of this package would have been significantly higher.



Table 7.4 Sensitivity analysis of the farm-scale NPV of CSA packages under different CC and discount rate
scenarios

CSA cc Farm-scale NPV@2.5% (JD) | Farm-scale NPV@6% (JD) | Farm-scale NPV@9% (ID)
package scenario

Mean (SD)* 95% Cl** Mean (SD) 95% Cl Mean (SD) 95% Cl
No change 3469 (1381) [1190, 5736] 1090 (921) [-491, 2635] -105 (679) [-1263, 1019]
Date palm
CcC 5667 (1537) [3087, 8126] 2454 (939) [940, 4009] 825 (682) [-312,1873]
No change = 34188 (6651) [23531, 45131] 15965 (5126) [7872, 24348] 5919 (4320) [-958, 13315]
Vegetables
@
CcC 41079 (7030) [29745, 52718] 20470 (5353) [11962, 29140] 9156 (4475) [2086, 16724]
No change = 40560 (6484) [30555, 51295] 21285 (4937) [13304, 29646] 10586 (4127) [3974, 17599]
Vegetables
O]
(@ 47450 (6870) [36884, 58798] 25790 (5166) [17573, 34531] 13823 (4281) [6869, 21023]
No change = 32237 (6625) [21260, 43089] 14078 (5087) [5860, 22474] 4085 (4272) [-2636, 11201]
Vegetables
©
CcC 39127 (7007) [27530, 50375) 18583 (5136) [9927, 27276] 7321 (4428) [377,14731]
Nochange 6555 (225) [6194, 6926] 4524 (172) [4242, 4803] 3377 (144) [3136, 3604]
Olive
CcC 6502 (222) [6148, 6863] 4490 (170) [4211, 4765] 3352 (142) [3117, 3575]
No change 983 (24) [943,1019] 655 (17) [625, 681] 471(14) [447, 494]
Barley
CcC M8 (25) [1075,1157] 742 (18) [710, 770] 533 (15) [508, 557]
’ Nochange  75137(103490)  [58663, 91382] 50443 (7944) = [37266, 62988] 36570 (6659) = [25780, 47202]
Sma
ruminants
CcC 75161 (9997) [58869, 90849] 50458 (7730) [37717, 62643] 36581 (6512) [25948, 47028]
Badia NA 87.21 60.67 4576

restoration

Vegetables: (a) open field to greenhouses; (b) low tunnels to greenhouses; (c) open field to hydroponics
*Value in bracket is standard deviation; ** [lower limit, upper limit] ***Potential negative values are in red.
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Table 7.5 Sensitivity analysis of the aggregated NPV of CSA packages under different CC and discount rate
scenarios

Farm-scale NPV@2.5% (JD) | Farm-scale NPV@6% (JD) Farm-scale NPV@9% (ID)

cc
scenario
Mean (SD)* 95% C|** Mean (SD) 95% Cl Mean (SD) 95% Cl

Nochange 2713 (8.66) [12.93, 41.54] 18.17 (5.91) [8.47,28.01] 13.22 (4.39) [6.01, 20.53]
Date palm

CcC 41.45 (9.65) [25.13, 57.31] 27.95 (6.59) [16.80, 38.78] 20.49 (4.89) [12.21, 28.54]

No change 74.21 (1.62) [55.34, 93.33] 50.13 (7.87) [37.36, 63.08] 38.88 (5.80) [27.46, 47.42]
Vegetables
@

CcC 87.42 (12.40) [67.19, 107.82] 59.08 (8.39) [45.38, 72.89] 43.47 (6.19) [33.73, 53.65]

Nochange  33.72 (4.57) [26.65, 41.34] 22.77 (3.09) [17.98, 27.93] 16.75 (2.28) [13.22, 20.55]
Vegetables
®

CcC 39.00 (4.89) [31.33, 47.10] 26.35 (3.31) [21.16, 31.83] 19.38 (2.44) [15.55, 23.43]

Nochange  5.66(0.93) [4.15,7.14] 3.81(0.63) [2.78, 4.81] 2.79 (0.46) [2.03, 3.53]
Vegetables
©

CcC 6.72 (0.99) [5.09, 8.32] 4.52 (0.67) [3.42,5.61] 3.32(0.49) [2.50, 4.12]

No change 53.64 (1.83) [50.66, 56.62] 36.86 (1.27) [34.78, 38.94] 27.48 (0.96) [25.91, 29.06]
Olive

cC 5317 (1.79) [50.24, 56.11] 36.53 (1.25) [34.49,38.58]  27.24(0.95) [25.69, 28.79]

No change 5.92 (0.15) [5.67, 6.15] 3.73(0.09) [3.56, 3.88] 2.54 (0.07) [2.43, 2.66]
Barley

@ 6.83(0.16) [6.57,7.08] 4.33(0.11) [4.16, 4.50] 2.97 (0.08) [2.85, 3.10]
small No change 52.94 (6.89) [41.69, 64.07) 36.44 (4.76) [28.67, 44.14] 27.26 (3.58) [21.42, 33.04]

ma

ruminants

(@ 52.96 (6.62) [42.25, 63,65] 36.46 (4.57) [29.05, 43.85] 27.27 (3.43) [21.71,32.82]
Badia NA 2.82 159 0.92

restoration

*Vegetables: (a) open field to greenhouses; (b) low tunnels to greenhouses; (c) open field to hydroponics
*Value in bracket is standard deviation; ** [lower limit, upper limit]

7.5 Greenhouse gas mitigation assessment of CSA investment packages

Besides a CBA, a greenhouse gas (GHG) mitigation assessment was employed to gain a better
understanding on the environmental impact of the CSA investment packages and their financial
implications. The emissions presented were estimated using the Ex-Ante Carbon-balance Tool (EX-
ACT) developed by the Food and Agriculture Organization of the United Nations (FAO)?® which allows
for the comparison of GHG emissions between 'business-as-usual’ scenario with the improved
CSA scenario. For the analysis, EX-ACT was calibrated with the following settings: a) Climate: Warm
Temperate; b) Moisture Regime: Dry; ¢) Dominant Regional Soil Type: HAC Soils; d) Project duration:
20 years (implementation phase: 5 years; capitalisation phase: 15 years). The results are first presented
per investment package and then for all packages combined. The analysis focuses mainly at the farm
level (input/production), although (energy) emissions along the value chains related to storage and
processing were included. For further information about the methodology, see Annex H.
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Date palms

The investment package on Date Palm aims to convert 800 ha of open field vegetables farmland into
new date palm plantations. Date palm is more climate resilient, specifically to drought, compared to
vegetables. Date palm requires less water which makes it more viable in a water-scarce country like
Jordan. The package targets 500 farmers for date palm conversion, assuming an average farm size of
1.6 ha per farmer. Squash is being used as representative crop for a larger set of open field vegetables.
See Table 7.6 for an estimation of emissions.

Table 7.6 Greenhouse Gas emission assessment for Date Palms package

Dat Ims (800 ha)* Total Emissions (tCO2-eq) (20 years)
ate palms a

Conventional ‘

Land use change (sequestration) 0 -11,000 -11,000
Annual crops (vegetables) 1,218 152 -1,066
Perennial crops (date palm) 0 -109,240 -109,240
Inputs 20,066 43,315 23,249
Infrastructure 27 174 146
Total 21,31 -76,700 -98,010

The majority of the estimated GHG emission reduction comes from carbon sequestration which is
captured by both soil carbon sequestration and above- and below-ground biomass. In this case,
the main contribution to reduced emission is due to the change from annual crops (vegetables) to
a perennial crop (date palms); moreover, perennial crops have the potential to increase soil carbon
levels compared to conventionally utilized agricultural land. The conversion of the 800ha of vegetable
land to date palm plantations was estimated to sequester around -120,088 tCO2-eq, mainly due to
biomass but also due to land use change.

GHG emissions from inputs are a main source of emissions in date palm production. Conventional
vegetable production is highly labor and input intensive, with farmers requiring various chemical
fertilizers and pesticides in order to achieve optimal growth. Date palm, on the other hand, would
be fertilized mostly through compost, cutting down on the majority of chemical fertilizers. However,
due to the use of compost and slight increase in pesticide use due to the constant threat of pests,
the project is expected to increase GHG emissions from inputs compared to conventional open field
vegetable production by 23,249 tCO2-eq.

Overall, the net carbon balance of the investment package on date palm is -98,010 tCO2-eq. Without
project interventions, conventional vegetable farming on 800 ha of land leads to the production of
roughly 21,311 tCO2-eq. However, by converting these lands to data palm there is the potential to
sequester about 76,700 tCO2-eq, turning it from an emission source to a carbon sink.

Vegetables

The investment package for vegetables targets in total 370 ha for the conversion of vegetables
grown in open field and low tunnels to greenhouses and some to hydroponics. The introduction
of greenhouses and/or hydroponics for vegetable production does no longer require (intensive) soil
management, and brings with it a host of other climate-smart practices such as modern irrigation
methods and precision farming for better nutrient management. To estimate the potential for
emission reduction, we need to take into account the different type of conversions. Squash and
tomato were used as representative crops for vegetables. GHG emissions for the various options are
summarized in Table 7.7 below.
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Table 7.7 Greenhouse Gas emission assessment for Vegetables package

Total emissions (tCO2-e 20 years
Vegetables ( @ 20y )

(squash & tomatoes) (370 ha)
Conventional CSA Balance

Option (a): open field to greenhouse (250 ha)

Annual crops (vegetables) 1,452 -6,404 -7,856
Inputs 33,657 21,222 -12,435
Energy (post-harvest process) 18,327 12,957 -5,370
Total 53,436 27,774 -25,662

Option (b): low tunnel to greenhouse (100 ha)

Annuals crops (vegetables) 664 -2,479 -3,143
Inputs 13,503 8,489 -5,015
Energy (post-harvest process) 7,305 5,175 -2,130
Total 21,472 11,185 -10,287

Option (c): open field to hydroponics (20 ha)

Annuals (vegetables) 133 -97 -230
Inputs 2,701 1,698 -1,003
Energy (post-harvest process) 1,461 1,035 -426
Total 4,295 2,636 -1,659

Option (a) refers to the conversion of 250 ha of open field vegetables to greenhouse production,
and has the largest contribution in emission reduction of the three options considered; this is mainly
due to the number of hectares and is caused by a reduction in input emissions. This option targets
500 farmers, who are already growing vegetables such as tomato and squash, with an average of 0.5
ha per farmer. Open field vegetable farming is relatively labor-intensive, requiring regular manual
management including weeding and pest control. Greenhouses help to mitigate climate impacts and
environmental risks. Vegetables are protected from extreme temperatures, low moisture, as well as
strong winds, and pests and diseases. Although improved practices may increase soil carbon storage
(-6404 tCO2-eq), the main gain is achieved through an emission reduction from inputs from 33,657
tCO2-eq to 21,222 tCO2-eq by switching from multiple fertilizers and herbicides to largely compost/
organic fertilizers and minimal chemical use; also energy is saved by decreasing dependency on fuel-
powered refrigeration by switching to solar energy. The total amount of emissions is expected to be
reduced with 50%.

Option (b) aims to convert 100 ha of low tunnel vegetable production to greenhouse production.
While emission reductions are still reasonable, the amount is less compared to option (a) given the
number of hectares. Option (b) targets 200 farmers growing vegetables using low tunnels, with an
average land size of 0.5 ha. Tunneling provides vegetable cover and, more importantly, helps trap air
and moisture during high temperature months as well as moderate temperatures during the colder
months of the year. As indicated above, greenhouses help to further mitigate the impact of climate
and environmental risks on vegetable production. With improved agronomic practices, nutrient and
water management, change to largely compost/organic fertilizers, and energy gains (through change
to solar energy for storage), GHG emissions are estimated to be reduced from 21,472 tCO2-eq to 11,185
tCO2-eq, a reduction of 50%.
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Option (c) includes the conversion of 20 ha of open field vegetables to hydroponics; while reduction
in emissions is minimal due to the small scale, it shows the potential for mitigation and could be
a viable business opportunity for more entrepreneurial farmers. Hydroponics is targeted to 40
farmers, with 0.5 ha per farmer. The conversion includes transition from relatively labor-intensive
open field production to the relatively new technology of hydroponics. It allows farmers to produce
crops without the need for soil, but instead suspending crops in a water and nutrient solution, likely
inside a greenhouse. This practice requires less space and allows for soil and water conservation. This
practice has the potential for large GHG emissions reductions through lower input and land area
needs to reach same production levels. The amount of GHG mitigation from 4,295 tCO2-eq to 2,636
tCO2-eq is however small due to the small scale.

Overall, the vegetable investment package has the potential to reduce emission with 37,608
tCO2-eq. Forall options, vegetable production will remain a source, despite the reduction in emissions.

Olives

The olives investment package aims to integrate climate smart practices on 1000 ha with existing
olive production activities. The package targets 1000 farmers with about 1 ha per farm. See Table 7.8
for an overview of GHG emissions for conventional and CSA practices.

Table 7.8 Greenhouse Gas emission assessment for Olives package

Total emissions (tCO2-eq) (20 years)

Olives (1000 ha)

Conventional Balance
Perennial crops (Olives) -6,600 -6,600 0
Inputs 77,723 60,595 -17127
Infrastructure 93 10 -83
Energy (olive processing) 28,983 18,540 -10,442
Total 100,199 72,546 -27,653

Since there is no substantial change in land use, there is no direct gain in emission reduction
through land use alone. The olive plantations are already able to sequester 6,600 tCO2-eq under
conventional practice. This value is assumed to remain the same for the CSA practice, giving a net
balance of 0. Reduced tillage could potentially improve carbon storage capacity but this was not
included in the assessment.

Emissions can be substantially reduced through the amount of inputs used. Expert consultation
indicated that animal manure was the only source of fertilizer currently being used for olive
production. Animal manure is organic and cheaper compared to commercial chemical fertilizers, but
farmers are using copious amounts of it in their plantations. The N2O emissions from animal manure,
combined with emissions from chemicals and pesticides, result in 77,723 tCO2-eq annually. With the
upgraded practices, farmers use a mixture of animal manure and other N-fertilizers to improve olive
production. This significantly reduces the amount of overall fertilizer being used in the farm, cutting
down emissions to 60,595 tCO2-eq.
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Another way to reduce GHG emissions is through the transition to renewable sources of energy for
olive processing. In the case of olives, an estimated 28,983 tCO2-eq is produced by olive mills from
processing the olives into olive oil. This can be mitigated to 18,540 tCO2-eq by switching to the use of
solar panels.

Implementing the package interventions has the potential of reducing the current 100,199
tCO2-eq under conventional practices to 72,546 tCO2-eq. While still being a source of emissions,
there is a difference of -27,653 tCO2-eq. Generally, olive production produces a high amount of
GHG emissions both from the inputs used and the processing of the olive fruit, even under CSA.
However, with the package interventions, significant reductions can be made through improved
input management and energy efficient processing.

Barley

Barley is of critical importance as a livestock feed. This package intents using better agronomic
practices and varieties and water harvesting through micro-catchment structures on 1000 ha. The
target group is 1000 farmers, with an average land size of 1 ha. Results are shown in Table 7.9.

Table 7.9 Greenhouse Gas emission assessment for Barley package

Total emissions (tCO2-eq) (20 years)

Barley (1000 ha)

Conventional Balance
Annual crops (barley) 2,538 -25,956 -28.314
Inputs 2,291 2,393 102
Total 4,649 -23,563 -28,212

There is potential for large reduction of emissions due to improved agronomic practices and
varieties. While there is no land use change, an extra 25,959 tCO2-eq can be sequestered through
improved input usage and nutrient and water management; additional emission due to input use
will be minimal.

In total, the investment would lead to a -28,212 tCO2-eq net carbon balance. Current conventional
barely practices are estimated to produce 4,649 tCO2-eq. By introducing improved cultivation
practices and input management and use, a significant amount of GHG emissions is expected to be
sequestered of about 23,563 tCO2-eq, changing it into a carbon sink.

Small ruminants

This package aims at switching livestock from open grazing to concentrated (collective) farming
systems to improve nutritional management and livestock production, as well as by-product
processing and marketing. By doing so, it also reduces the risk of over-grazing on pastoral lands that
are degraded due to the large number of livestock in the area. CSA investments include nutrition
management and breeding practices for improved productivity of the livestock for meat and milk,
as well as the development of (communal) processing facilities for product differentiation and
marketing. Targeting 900 farmers with 150 herd size (100 sheep and 50 goats) on average, the total
number of animals is 135,000. See Table 7.10 for an assessment of GHG emissions.
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Table 7.10 Greenhouse Gas emission assessment for Small Ruminant package

Total emissions (tCO2-eq) (20 years)

Small ruminants (135,000 animals)
Conventional CSA Balance

Livestock* 760,687 755,903 -4,784
Energy (product processing) 374,269 271,557 -102,713
Infrastructure 0 110 110
Total 1,134,956 1,027,569 -107,387

*Sheep used as proxy due to similarities in emissions between sheep and goats per product produced (goat emission data was not readily
available in the EX-ACT tool)

Livestock farming produces high amounts GHG emissions, mainly due to enteric fermentation
by the animals. The small ruminant population produces 760,687 tCO2-eq in total. Even with better
feeding and management practices this value does not decrease significantly, with a balance of just
-4,784 tCO2-eq.

Another large proportion of GHG emissions is the result of storing processed meat and milk. Energy
use for product processing under conventional practice is estimated to produce 374,269 tCO2-eq. This
is based on the assumption that the processing of meat and milk under conventional practices takes
place at the household level and by larger processers far removed from the original communities.
However, much like the previous CSA packages, a significant part of GHG emissions can be mitigated
by establishing community level storing (cooling) and processing units, that allow for switching to
renewable energy (e.g., solar panels), which could reduce emissions by 102,713 tCO2-eq.

Overall, the investment package can provide a net carbon balance of -107,387 tCO2-eq. Conventional
practices lead to an estimated total of GHG emissions of 1,134,956 tCO2-eq. Improving livestock
diets and management practices is expected to do little to reduce GHG emissions, but a substantial
reduction can be attained with improved processing activities through energy efficiency and adopting
renewable energy. This can lower GHG emissions from small ruminant production to 1,027,569 tCO2-
eq, although it remains an important source of emissions. It is important to realize that the total
carbon balance depends heavily on the energy saving for storage and processing and hence the
assumptions made; this will require further validation.

Badia restoration

The Badia restoration package refers to a large-scale effort to rehabilitate 5,000 ha of degraded
land into vibrant shrub- and grasslands. It also targets 250 land owners, who can use the land after
several years of restoration to feed their herds (150 animals per farmer; 37,500 animals in total) under
controlled grazing schemes. Table 7.11 gives an overview of GHG emissions under conventional and

CSA practice.
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Table 7.11 Greenhouse Gas emission assessment for Badia restoration package

Total emissions (tCO2-eq) (20 years)

Badia restoration (5000 ha; 37,500 animals)
Conventional CSA Balance

Land use change (sequestration) 0 -442,649 -442,649
Grassland 0 -268,217 -268,217
Livestock* 0 184,889 184,889
Energy (for tractor) 0 1,182 1,182
Total 0 -524,795 -524,795

*Sheep used as proxy due to similarities in emissions between sheep and goats per product produced (goat emission data was not readily
available in the EX-ACT tool)

Badia restoration has large potential as a carbon sink. This is largely due to the carbon sequestration
potential of being able to rehabilitate such a large area through micro-catchment water harvesting
(442,649 tCO2-eq) and the restoration with shrubs and grasses that improve carbon sequestration
through the soil and both above- and below-ground biomass (268,217 tCO2-eq).

The emissions from the development and construction of the micro-water harvesting development
are very limited. The use of Vallerani machines on tractors to create small catchment ditches in large
areas to collect water runoff from rainfall only involves fuel consumption from the tractors themselves.

Emission from animals is an important factor to consider. When including 250 beneficiaries of small
farmer communities that will be able to re-use this land for controlled-grazing for 37,500 animals,
roughly 184,889 tCO2-eq will be produced by the animal population.

Despite the additional GHG emissions from the livestock, the CSA package still manages to reduce
the total amount of carbon emissions to -524,795 tCO2-eq. This highlights the importance of being
able to restore degraded lands due to their strong ability to sequester carbon emissions sustainably.
Aside from carbon sequestration, the additional ecosystem services of erosion control, water retention
capacity, and nutrient fixing, among others, provides much added value to restoration efforts of
degraded land.

Greenhouse gas emissions at program level

All CSA investment packages proposed by the CSA Action Plan have a negative net carbon
balance, with a total reduction of GHG emissions of 823,665 tCO2-eq combined (Table 7.12). The
implementation of various CSA practices shows potential for emission reduction through carbon
sequestration as result of land use change, above- and below-ground biomass and soil-carbon

sequestration, and improvements in type or amount of inputs used and energy savings.

The largest net carbon gain is achieved through restoration of the Badia with 524,795 tCO2-eq
(64%); followed at a distance by small ruminants and date palm with around 100,000 tCO2-eq (12-
13% each), then vegetables with 38,000 tCO2-eq (4.6%) and finally olives and barley with 28,000
tCO2-eq (3.4% each). There are quite some differences between investment packages. While carbon

gains for date palms and barley can be explained through increased biomass and reduced emissions



Table 7.12 Greenhouse Gas emission assessment for CSA investment packages

Emission reduction for aggregated CSA investment packages (tCO2-eq))* (20 years) -
Uss M
CSA Carbon

package Inputs & price

Annuals | Perennials = Grassland = Livestock | U Eq**

Date palms 800 -11,000 -1,066 -109,340 0 0 23,395 -98,010 3.00
zge)getab'es 250 0 7,856 0 0 0 17,806 -25,662 0.79
zllsgetab'es 100 0 -3,143 0 0 0 7145 -10,287 0.32
ngetables 20 0 -230 0 0 0 -1,429 -1,659 0.05
Olives 1000 0 0 0 0 0 -27,653 -27,653 0.85
Barley 1000 0 28,314 0 0 0 102 -28,212 0.86
Small n/a 0 0 0 0 -4,784 -102,603 -107,387 3.29
ruminants ! ! ! :

Badia 5000  -442,649 0 0 268,217 184,889 1182 -524,795 16.08
restoration ' ! ! ! ! '

Total nfa  -453,649  -40,609  -109,340 268217 180,064 = -131,957  -823,665 25.25

*Mainly on-farm (input/production), although emission from storage/processing are included when relevant; **Based on carbon price of
US$30.65/tCO2-eq.

from production, reduced emissions for vegetables, olives and small ruminants are mainly explained
by changes in inputs and investments. Furthermore, it is important to realize that small ruminants will
remain an important source of emissions, despite the reduction due to CSA practices.

Land use change is the largest contributor of emissions reduction accounting for 55%; production
of grassland, perennials and annual contribute respectively 33%, 13% and 5%. Saving through
inputs and investments (energy) accounts for 16%. Projects such as the Badia restoration account for
a large amount of the total carbon sequestration as result of land use change with a carbon balance
although above and below ground biomass can also contribute substantially. Inputs such as fertilizers
and chemicals are inherently net producers of GHG emissions and the amount used and the type of
chemicals (or organic fertilizer) can make a large difference in GHG emissions. Furthermore, being
able to cut down on energy consumption along the value chain can lead to significant additional
emission reductions. It is further interesting to note that only the livestock component maintained a
positive net carbon balance due to the difficulty in lowering carbon emissions from livestock such as
small ruminants without actively reducing the number animals in production.

Lastly, we looked at the price equivalence of the carbon emissions mitigated or sequestered with
and without the project. Multiplying this with the overall carbon balance, a total value of more than
USS$ 25 million worth of GHG emissions could potentially be saved by implementing the investment
packages. The carbon price is based on the current carbon price from the European Union Emissions
Trading System (EU-ETS) (World Bank, 2020) which is pegged at US$30.65/tCO2-eq. This price allows
us to capture the mitigated external cost of the pollution, ranging from emission’s impacts on the
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environment all the way to the health and well-being of people affected by the emissions. Comparing
carbon price savings per project, the highest carbon price estimation is exhibited by the Badia
Restoration which accounts for US$16 million, followed by investment packages on small ruminants
and date palm (US$3 million each), and then vegetables (US$1.2 million), barley and olives (US$0.9
million each).

7.6 Conclusion

The results of the cost-benefit analysis for the six selected CSA packages show that all CSA packages
are profitable at both the farm and aggregate levels as a positive NPV and IRR are observed. At the
farm level, the date palm and vegetables packages have the lowest IRR and the longest payback
period due to high initial investment and, in the case of dates, harvesting costs at the farm level. At the
aggregate scale, the date palm and vegetable packages generate a high aggregated incremental net
benefit, resulting in a high IRR and shorter time to reach the break-even point. This result suggests
that it might be reasonable to consider further, large-scale investment support to ease the high
initial investment costs at the farm level for the date palm and vegetable packages and facilitate their
adoption. Among all the packages, barley and Badia restoration generate the lowest incremental net
benefit, and have a relatively high IRR and shorter payback period as the result of their low investment
cost at the farm scale. However, at a larger scale, these two packages have the lowest IRR. This is due
to the low incremental net benefit of these packages; it also takes a longer time to pay back the large-
scale investments required. The olive and small ruminant packages show stable performance at both
farm-scale and large scale. The NPV and IRR of these two packages are relatively high at the farm
scale and increase further at the aggregate scale.

Our sensitivity and risks analysis shows that the variability of three factors — discount rate, climate
change, and output prices — have different impacts on the profitability of each CSA package. Date
palms and vegetables are influenced strongly both by CC scenarios and output prices, while barley is
more sensitive to CC, and the small ruminant package is sensitive to the distribution of output price.
Most of the packages are profitable across all scales and sensitivity scenarios, except for vegetables
and date palms. There is a risk that the vegetable and date palm packages might not be profitable at
the farm scale under NoCC when the discount rate is high and output prices are comparatively low.

All CSA investment packages proposed by the CSA Action Plan have a negative net carbon balance,
with a total reduction of GHG emissions of 823,665 tCO2-eq combined. Badia restoration contributes
most to GHG emission reduction (64 %), followed by small ruminants and date palm value chain
(12-13% each), and then vegetables value chains (4.6%%); investment packages on olives and barley
contribute least (3.4% each). The total estimated GHG reduction represents a value of more than US$
25 million and needs to be taken into account when considering investment in the CSA packages.



Chapter

Monitoring and evaluation
(M&E)

Highlights

+ Hallmarks of successful monitoring and evaluation (M&E) include a cross-cutting approach
and potential to inform capacity building, continuous improvement, and the provision of
comprehensive data sets for policy- and decision-making,

+ Developing a strong, comprehensive, and cohesive M&E system requires indicators, an M&E
system, capacity development, and finance. A results framework, with indicators based on the
theory of change and impact pathways, can help gauge project performance.

» Foundational M&E elements include the theory of change, which defines the objectives of a
project, and the impact pathways that specify how improvements can be realized.

+ This CSA Action Plan aims to strengthen the entire agricultural sector through productive,
sustainable, and climate-resilient farming systems and value chains; its impact pathways
include increased production and income, increased adaptive capacity, reduced climate
exposure and sensitivity, and improved marketability of commodities.
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8.1 M&E and its components

Monitoring and evaluation (M&E) is a vital aspect of the CSA Action Plan; it establishes assumptions
about how change will occur and provides evidence and information to implement results-
based management. M&E activities are conducted throughout the project's lifecycle and beyond
to document and analyze project processes and results. They provide up-to-date quantitative
and qualitative information that allows the government of Jordan, development partners, and
implementing agencies to track the progress of projects and their impacts.??°

Monitoring is the systematic collection of data, analysis, and comparison of the results to a
project’s objectives, budget, and work plans. Monitoring entails assessing whether what has been
achieved aligns with what was initially planned. Monitoring also provides information about the roles
and responsibilities of individuals working on the project for accountability and transparency. Its
implementation should begin with the commencement of the project and can continue past the
project’s life cycle.

Likewise, evaluation aims to analyze the impact of a certain project and how effective its
implementation and outputs have been in providing necessary interventions for the intended
beneficiaries. This analysis is paired with carefully selected indicators to gauge the performance of the
project. These are often categorized as outcome indicators, which are usually assessed by comparing
baseline data with the expected target after project implementation, or as output indicators, which

often do not require a baseline as they introduce a new factor.?

The overall M&E framework consist of the theory of change, the impact pathways, the results
framework, and indicators. These components are defined below.

Definitions

« Outputs: Tangible products of project activities; these may include trainings, services,
publications, partnerships, technology, and policies.

« Outcomes: Changes in behavior across stakeholders with regard to their knowledge, attitudes,
and practices, as a result of project activities and outputs.

+ Impact: The overarching objective; all activities, outputs, and outcomes aim at and contribute
toward impact.

« Indicators: Measurable data that can be used to indicate the performance of a certain activity,

output, outcome, or impact.

8.2 The importance of M&E for project development, decision making, and
policy

MG&E allows project managers to get up-to-date information about whether projects are on track
in terms of their work plans, budget, and objectives. It builds a robust base of data, the analysis of
which can provide evidence of a project's impact or lack thereof. A strong M&E system allows project
managers to assess project progress as whole and pinpoint areas that are doing well, portions that
can be improved, and aspects of the project that need to be redirected or put back on track to meet
specific objectives.



One of the key hallmarks of M&E is its cross-cutting nature. It brings together multiple institutions,
government agencies, implementing partners, and stakeholders to generate a management system
that is wholly unique from one project to the next. Because the overall objective of the CSA Action
Plan is to benefit agriculture and the environment in a sustainable way, it requires the cooperation
and collaboration of these numerous stakeholders to create a cohesive plan that can enable the
government to fulfill targets for national development.

The M&E system will serve a purpose beyond just CSA. When aligned with the Jordanian government'’s
goals and ministry objectives, investment in M&E will result in institutional capacity building as well
as comprehensive data sets that can be used for policy- and decision-making. M&E often intends to
collect a comprehensive data set on the basis of which multiple forms of analyses can be conducted.
M&E extends beyond the CSA action plan; it tracks the entire food system and is designed to inform
key policy makers. The flexible data sets and analyses can then be applied to different situations
depending on what policy makers want to consider.

One important aspect of M&E is storage and accessibility. The creation of a secure data bank is
necessary to ensure that the data is protected, backups are made, and the data cannot easily be
tampered with. Furthermore, the data should be readily accessible to relevant actors who may want to
view or use it. Storage and accessibility could be enabled through a dedicated application or website
created specifically for the project and should be consumer-forward in terms of the design of its
interface, its ease of use, and shareability.

Projects with a strong M&E program can reveal essential information for future interventions. M&E
provides an understanding of good practices that a project has implemented and of activities that
constitute obstacles to progress. It provides a powerful guide as to what can be expected should
future interventions be implemented.

8.3 The theory of change and impact pathways

The theory of change serves to simplify and visualize the main objectives of a project and how these
changes will occur; building on the theory of change, the impact pathways describe the different
ways such changes and improvements can be realized. This Action Plan aims to address several
key climate-related issues, ranging from food security to livelihood improvements in the agricultural
sector. It expects to achieve this objective through a variety of interventions such as by enhancing
farm productivity, strengthening climate resiliency while reducing climate exposure, and increasing
the marketability and profitability of commodities across product value chains.

The investments included in its packages are designed to enhance the agricultural system as a
whole, from the farm gate through marketing and export performance. These investments include
the introduction or expansion of on-farm and post-harvest processing technologies and best practices
to improve the yield and quality of products across value chains; capacity building for farmers through
trainings and educational discussions of CSA; and extension services, information systems, and crop
or livestock suitability mapping to provide a knowledge base for farmers and policy makers alike.

To achieve productive, sustainable, and climate-resilient farming systems and value chains, four

pathways have been identified: increased production and income, improving adaptive capacity,
decreasing climate exposure and sensitivity, and improving the marketability of commodities.
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1. Increased production and income. A major focus of the identified investments involves
improving on-farm management practices and techniques, and the introduction and
expansion of climate-smart technology in order to attain maximum production under various
climate stresses. Maximizing production may also lead to improved incomes for farmers and
actors along each value chain. This focus is relevant to all CSA investments, although to a lesser
extent for Badia restoration.

2. Increased adaptive capacity. Identified investments seek to strengthen farmers’ ability to
adjust to climate shocks through stronger institutions that provide a platform and knowledge
base to allow them to respond to climate disturbances. Enhancing farmers' ability to adjust will
be critical for all CSA investments, but the way this will be done will be different for each.

3. Reduced climate exposure and sensitivity. The selection of commodity value chains and areas
is aimed at reducing exposure and sensitivity to climate shocks and stresses. These goals are
supported by CSA interventions and by providing avenues for farmers to grow their knowledge
about climate impacts and CSA through trainings, advisory services, and information. This
pathway is a guiding a principle for all CSA investments, but will remain particularly relevant
for hydroponic vegetable production, expansion of rainfed barley, and Badia restoration. Also,
through more productive and efficient use of water and energy and through carbon storage,
reduced emissions will diminish exposure to climate risks at a global scale.

4. Improved marketability of commodities. Jordan relies heavily on its domestic market to reduce
dependence on imports, as well as on strong international and export linkages for some high-
value commodities. Ensuring that these products are standardized, quality-controlled, and in
some cases, certified, will provide better incomes for farmers and post-harvest processors, and
will establish Jordan as a major agricultural actor in the region. This pathway will be important
for CSA investment in date palms, vegetables, and olives, and to a lesser extent for barley and
small ruminants.

The expected overall impacts of these pathways include a more resilient and productive agricultural
sector and thriving commodity value chains. Moreover, these pathways are also interlinked and are
likely to affect each other. Increased productivity leads to improved income, which in turn provides
farmers with the capital and resources to heighten their adaptive capacity and mitigate or rebound
from climate shocks and stressors. To know when these impacts have been realized across the value
chains, information can be collected about the adoption rates of technologies, the use of different
practices and strategies to mitigate climate risks, improvements in institutional policies and activities
both by the government and private sector, and strengthened information systems and advisory

services.

The theory of change and impact pathways designed for the Jordan CSA Action Plan revolve around
a stronger, more climate-resilient and sustainable agricultural sector across the various commodities
and regions of Jordan (Figure 8.1). The success of the investments will be monitored through their
various outputs and outcomes as they feed into the four pathways and will be measured through
indicators developed for this purpose.

8.4. Results framework and indicators

M&E aims to strengthen and build upon work that is already being done by the Jordanian
government. The various ministries involved in this endeavor already routinely collect much of the
data that is needed for a strong M&E program. One of this CSA Action Plan’s main goals is to provide



a framework to guide current and future projects through the establishment of impact pathways and
relevant indicators.

The success of the investments will be measured through the various activities that need to be
implemented to establish the necessary outputs as shown in the theory of change. The investments
are expected to affect the agricultural system in several ways, for example through the adoption of
technologies and practices across the value chains, through changes in farmer behavior towards
climate shocks and stressors, and through the development and establishment of advisory services.
These investments are also expected to create linkages with private-sectorinstitutions that can provide
agricultural financing, additional investments in small- to medium-scale enterprises, and inclusive
business models that encompass whole commodity value chains. Together, these institutions will
provide the enabling conditions necessary to develop a more climate-resilient agricultural sector in
Jordan.

Itis necessary to monitor and establish relevant indicators at the portfolio and individual investment
levels. Portfolio-level investment results will be monitored against a limited number of primary
indicators including the number of beneficiaries and changes in productivity, adaptive capacity,
resilience, and GHG emissions. Likewise, at the project level, primary indicators will be selected for
each individual investment during the development phase, tracking progress on all aspects of the
theory of change and impact pathways, including impacts, outcomes, outputs, and activities.

The results framework, with a sampling of potential indicators at the program level and for each
investment component (Table 8.1), can be used to measure project performance. While there
are many well-established indicators for components that have been extensively researched such
as productivity and yield, other components such as “resilience” may be more difficult to monitor
due to the lack of an established measurement, so these indicators will be determined during the
development of the full investment proposal. Table 8.1 below only shows a few possible indicators
that may be used for the project but is no means exhaustive or comprehensive. The final list of
indicators depends very much on how each investment proposal will be developed, so we have
restricted ourselves here to suggesting some general indicators at the program, impact, outcome,
and output levels. Depending upon how individual investment proposals are elaborated, specific
output indicators at the investment level could be derived from the proposed activities in the concept
notes in Annex E.
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Figure 8.1 The theory of change and impact pathways for the Jordan CSA Action Plan
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Table 8.1: Results framework with examples of indicators and measurements for CSA investments

Component

‘ Indicator

Cross-investment (program) indicators

Beneficiaries

Increased

Increased

productivity

adaptation

and resilience

GHG emission

reduction

‘ Measure

P1 Number of beneficiaries

P2 Change in productivity
of agricultural commodities
supported by the program

P3 Farm resilience to shocks and

stresses

P4 GHG emission intensity of
production (per investment)

Number of farmers
(disaggregated by
gender)

Annual revenue (in
JOD/year)

Resilience capacity
index??

Kg of emissions per
unit of product

CSA Investment

Across investments

Across investments

Across investments

Across investments (although
mitigation was a co-benefit)



Component

‘ Indicator

Impact indicators (examples)

Increased production
and income

Improved adaptive
capacity

Reduced climate
exposure and
sensitivity

Marketability of
commodities

IM1.1 Change in average farm
income

IM1.2 Change in production (per
commodity or investment)

IM1.3 Change in post-harvest
and processing losses (by target
commodity)

IM2.1 Improved adaptive capacity
index

IM3.1 Exposure to climate change
shocks or stresses compared to
non-participants (per investment)

IM3.2 Improved coping strategies
index

IM3.3 Reduced energy and water
use or increased carbon storage
(per investment)

IM4.1 Quantity of commodity being
traded in domestic markets

IM4.2 Quantity of commodity being
traded at export markets

Outcome indicators (examples by action area)

‘ Measure

JOD/year

Kg/ha/year (depends on
the commaodity)

Kg/unit (depends on the
commaodity or process
being measured)

Weighted score

Frequency of climate
change shocks or
stresses

Weighted score

Quantity/year (adapted
to specific indicator)

Kg/year

Kg/year

CSA Investment

All, but Badia restoration to a
lesser extent

All, but Badia restoration to a
lesser extent

Date palms, vegetables, olives,
small ruminants

All investments

All investments

All investments

All investments

All investments, except Badia
restoration

Especially date palms,
vegetables, olives

Investment in
capacity building,
organizational
management, and
physical infrastructure

Reduced investment
risk

Increased adoption of
CSA technologies

Improved market
linkages and value
chain integration

Information delivery
systems

OC1.1 Investment in capacity
building and service development

OC1.2 Improved physical
infrastructure for production, post-
harvest storage, and processing

OC2.1 Number of beneficiaries
with access to credit or insurance
services

0OC2.2 Number of credit or
insurance packages or programs
with direct CSA benefits

0OC2.3 Ease of access of financial
services

OC3.1Increased number of
beneficiaries adopting CSA
practices and technologies (per
CSA practice or technology and by
gender)

0OC3.2 Increased land area under
CSA practices (per CSA practice or
technology and by gender)

OC4.1 Improved efficiency of the
value chain

OC4.2 Improved value chain
profitability

OC5.1 Access to CSA information
(not through trainings or
workshops)

Amount (in JOD/year)

Number of units of
physical infrastructure
built, amount spent on
infrastructure (in JOD/
year)

Number

Number

Qualitative
(perception)

% total of beneficiaries
(per farm commodity)

% of total land area
(per farm commodity)

Time from farm gate
to final product,

productivity (yield of
produce per process)

Value: subtract JOD
per stage of the
conventional process
from JOD per stage of
the upgraded process

Qualitative
(perception)

All investments

All investments

All investments, except Badia
restoration

All investments, except Badia
restoration

All investments, except Badia
restoration

All investments

All investments

Date palms, vegetables, olives,
small ruminants

Date palms, vegetables, olives,
small ruminants

Especially date palms,
vegetables, olives
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Component

Coherent and
coordinated policy
environment

‘ Indicator

OC6.1 Number of policy
coordination mechanisms in place

OCé.2 Effectiveness of coordination
mechanisms

Outcome indicators (examples by action area)

Improved institutions
and infrastructure

Training programs,
advisory services, and
financial products

CSA farms

Value chain integration
and inclusive business
models

OP1.1 Coherent and coordinated
institutional arrangements between
farmers

OP1.2 Strengthened capacity of
producer groups and organizations
to ensure farmers’ access to
resources and markets (by
commodity or value chain)

OP1.3 Number of beneficiaries
participating in producer groups
and organizations (per commodity
or value chain)

OP1.4 Improved physical
infrastructure for CSA production,
post-harvest storage, and
processing

OP3.1 Number, types, and form of
advisory, extension, and financial
services provided (per institution)

OP3.2 Frequency of access to
trainings by beneficiaries

OP3.2 Access to financial services by
beneficiaries

OP4.1 Number of farmers using
CSA practices and technologies

OP4.2 Number of farmers being
trained in CSA practices and
technologies

OP4.3 Number of farmers aware of
CSA practice and technologies and
their benefits

OP4.1 Number of value chain
analyses conducted

OP4.2 Coherent and coordinated
institutional arrangements between
value chain actors

OP4.3 Improved standardization
of product quality and certification
processes

OP4.4. Proportion of smallholder
farmers, women, and youths
engaged in climate-smart

value chains (per commodity or
investment)

‘ Measure

Number

Qualitative
(perception)

Qualitative scale

Qualitative scale

Number of farmers
(disaggregated by
gender)

Number of units of
physical infrastructure
built

Number, type, form

Number/annum,
number/month,
number/season

Number of
beneficiaries
(disaggregated
by gender and
investment)

Number of
beneficiaries
(disaggregated
by gender and
investment)

Number of
beneficiaries
(disaggregated
by gender and
investment)

Number of
beneficiaries
(disaggregated
by gender and
investment)

Number

Qualitative scale

% being produced or
sold based on certain
certification standards

Number of
beneficiaries
(disaggregated by
type, gender, age, and
investment)

CSA Investment

Across investments

Across investments

All investments

All, except barley and Badia
restoration

All, except barley and Badia
restoration

All investments

All investments

All investments

All, except Badia restoration

All investments

All investments

All investments

Especially date palms,
vegetables, olives, small
ruminants

Especially date palms,
vegetables, olives, small
ruminants

Especially date palms,
vegetables, olives, small
ruminants

Especially date palms,
vegetables, olives, small
ruminants



Component ‘ Indicator ‘ Measure ‘ CSA Investment

OP5.2 Number of commodity-
focused data monitoring and Number All investments
database systems developed

Information services

OP5.2 Number of commodity-
focused data portals and Number All investments
information services developed

OP6.1 Number of CSA-supportive

policies developed or revised Number All investments, especially barley
Supportive policies OP6.2 Number of targeted

policy incentives developed (per Number All investments, especially barley

investment)

8.5. Towards an M&E framework

The selection of indicators based on the theory of change and impact pathways is an important step
toward a strong framework for monitoring the implementation and results of CSA investments, but
there are still several additional steps needed to build an M&E system and ensure the sustainability
of current and future projects that maybe undertaken beyond the scope of the CSA Action Plan
itself. CCAFS has outlined 11 steps, categorized under indicators, M&E system, capacity development,

and finance, that need to be in place in order to create a comprehensive and cohesive M&E system. 2

Indicators
1. List of indicators — compile a comprehensive list from stakeholders and existing M&E
systems.
2. Participatory alignment — work with diverse groups to select indicators that meet priority
information needs.
3. Data system analysis — assess existing data collection and analysis systems for opportunities.
M&E system
4. Protocol development — create clear data collection protocols.
5. Integrated data systems — develop integrated systems for the flow of information.
6. Content and roles — assign roles and responsibilities for data collection and reporting.
Capacity development
7. Capacity needs assessment — conduct a thorough evaluation of human and institutional
capacities.
8. Recruitment of staff — hire or repurpose staff to participate in integrated M&E.
9. Strengthening capacity — conduct training courses at multiple levels for M&E staff.
Finance
10. Cost-benefitanalysis — conduct a detailed economic analysis of the value for stakeholders.
11. National finance — insert M&E across sectoral budgets to access national finance; integrate
M&E budgets of donor-supported sector-wide approaches.

These eleven steps highlight the need for institutions to pivot toward M&E development that
emphasizes the importance of assessing projects from start to finish. Introducing dedicated M&E
protocols such as staff, logistics, and budgets, as well as trainings and integrated systems, will ensure
that projects and project staff will have the capacity to carry out M&E activities. Furthermore, baseline
data collection and assessment to characterize the initial state of farmers, farmer-households, value
chain actors, and institutions can enable comparisons after project implementation.
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These M&E activities need be formalized and institutionalized in an "M&E manual” that describes
the specific actions, responsibilities, and steps that must be taken to conduct a comprehensive M&E
assessment. These requirements may include initial staff capacity assessments to track and monitor
project progress. Enabling a comprehensive M&E assessment will ensure a results-based reporting
approach that can be measured against project objectives and goals.

8.6 Conclusion

While this chapter has provided an overview of the overall M&E system mechanism that may be
put in place under this CSA Action Plan, it is still up to policy and decision makers to decide which
investments will be implemented, when they will be introduced, and how they are to be executed.
These decisions will play a major role in the formulation of the indicators needed, in the determination
of which capacities require strengthening, and in the assessment of financial limitations. It is
important to ensure clarity and understanding in the design of certain projects and investments so
that a more comprehensive and rigorous M&E system can be constructed. M&E systems provide the
backdrop for a project’s long-term sustainability, implementation efficiency, and the effectiveness of
its interventions.

The M&E system of this CSA Action Plan entails an opportunity to lay the foundation for future M&E
activities by ensuring that its framework is aligned with government policies and national goals.
As mentioned earlier, M&E systems have applications beyond a particular project and its lifespan.
While Jordan currently does not have an overall integrated M&E framework encompassing relevant
ministries, there have been many calls across the various government ministries to design and
implement one. Building upon institutional objectives is necessary to help these ministries achieve
not only their departmental goals, but overall government-wide sustainable agricultural objectives
as well.



Annex A: Agricultural context

Table A.1Regional distribution of key commodities in Jordan?*

Commodity Irrigated Rainfed Agropastoral

Barley 1% 99% -
Wheat 9% 91% -
Olives 1% 99% -

Citrus 7% 93% -

Dates 77% 23% -
Grapes 84% 16% -
Pomegranates 90% 10% -

Other (Peaches, Plums, o

Prunes, etc.) ) 100% )
Tomatoes 60% 40% -
Potatoes 61% 39% -
Squash 77% 23% -
Cucumbers 79% 21% -
Eggplants 88% 2% -
Sweet peppers 81% 19% -
Livestock - Minimal Primary location
Fish Primary location Minimal, where groundwater is Minimal, where groundwater is

available

available

Table A.2 Jordanian field crop detail for 20172

Cultivated = Harvested

INCEYGE))
Barley 56,458
Wheat 12,191
Clover 2,309
Maize 1,262
Vetch 491
Chickpeas 46
Garlic 135
Lentils 124
Other 96
Vetch 85
Sorghum 51
Sesame 9

INCEN )]

39,197
8,162
2,309
1,262
307
360
135
77

87

54

51

6

Production | Exports

(MT)

48,954
12,110
100,935
37179
191
1,509
2,589
440
591
320
1,024

Export

(,000
uss)

(MT)

62,497 =
19 31
22 15

Import
(,000
us$)

960,360 177,170
1103,029 232,654

941,172 =

37,712 43,383

19,354 16,518

Feed
(MT)

954,704

876,720

Seeds
(MT)

1,535

899

Waste
(MT)
50,466
55,757

39,134

1,961

990

725

Processed
(MT)

2,609
1,058,260

16,600

5,847

17,838

6,041
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Table A.5 Major livestock exports and imports?®

Exports

Value (USS)

Quantity (kg,

unless otherwise

Imports

Value (US$S)

Quantity (kg,
unless otherwise

Live horses other than for purebred

stated)

stated)

breeding (number) 23,868 14 head 783,776 118 head
:;il‘]'fe';‘r’:zl“grae:id"i‘:;(ﬂth;L‘;’:;‘" for 0 0 75,947,720 78,209 head
Live sheep (number) 161,826,756 497,091 head 54,905,615 374,529 head
Live goats (number) 7,264 13 head 38,721,058 328,994 head
Live poultry 1,571,877 95,412 6,353,870 82,178
gr:il:::; Iliv:nz:jn‘i)n;tasls including zoo 0 0 31,031 2,286
Bovine meat, fresh or frozen 2,731,944 974,177 133,118,382 33,089,635
:’\:I::etnOf sheep and goats, fresh or 0 0 144,992,191 24,528,045
Edible offal 429,871 238,412 2,432,435 1,134,704
Slaughtered poultry, fresh or frozen 9,998,343 5,034,259 92,072,088 59,635,848
Fresh, frozen, or chilled fish 0 0 43,424,379 13,686,313
Smoked fish 0 0 83,833 817,676
Milk concentrate and cream 90,753 62,699 16,770,122 18,970,047
Powdered milk 368,988 123,279 100,544,080 31,202,857
Dried sour milk (jameed) 2,041,653 572,418 12,009,096 3,137,701
z::s:s:;"ene:tefg:‘r;t‘:ti:g ‘::deycur d 14,229,021 2,444,721 290,758 71,048
Other cheese 13,804,974 3,991,004 106,179,061 23,909,705
gi’:r‘:ggrsvi: ds?:‘llr:‘%':r';'“hing' fresh 4,841,665 13,005,400 eggs 1,925,632 3,296,850 eggs
Brd g nshel o feod roh : :
Natural honey 1,542,089 31,735 6,156,344 1,079,498
Cereal straw and husks, unprepared 0 0 7,208,886 41,912,434
Bran 56,971 39,850 12,380,430 120,534,380
Oil cake 115,381 25,983 164,726,000 437,772,708
Forage 33,581,345 26,523,345 23,157,333 12,423,981
Forage concentrates 2,813,982 4,333,448 8,656,487 8,647,860
Wool 328,340 1,057,838 7,933,148 446,327




Annex B: Climate projections
and risk methodology

The methodology used to assess climate hazards was adapted from the standard protocol developed
by the International Center for Tropical Agriculture (CIAT) for the preparation of county risk profiles,
whereby hazards are assessed using climate data and then mapped onto the geographic space. The

analysis focuses on calculating specific climate indices that relate to potential hazards for commodity

value chains in the district of interest (Table B.1).

Table B.1 Climate hazards and respective quantitative indices

Indicator Description Hazard Season

cDD Drought spell. Maximum number of consecutive dry Drought: long drought spells reduce W
days (precipitation <1 mm day™). productivity or cause crop failure.

NDWS Moisture stress. Number of days with ratio of actual to | Drought: crops experience wilting due to W
potential evapotranspiration ratio below 0.5. constantly dry soils.
Flooding. Maximum 5-day running average Flooding: too much rainfall within the

P5D ding. Y 9 9 timeframe of a week causes flooding and W
precipitation. wilting

NT37 Heat stress for the summer season. Number of days Heat stress: many hot days affect crop growth s
with temperatures above 37°C. and lead to low productivity.
Heat stress for wheat. Number of days with .

NTWheat temperatures above 21°C. Also relevant for barley. Heat stress as in NT37. W
Heat stress for potatoes. Number of days with )

NTPotato temperatures above 17.8°C. Heat stress as in NT37. w
Heat stress for tomatoes. Number of days with .

NTTomato temperatures above 27°C. Heat stress as in NT37. W
Heat stress for date palms. Number of days with )

NTDates temperatures above 45°C. Heat stress as in NT37. w

CDT37 Hot spell during the summer. Maximum number of Heat stress: a long hot spell affects crops, 5
consecutive days with temperatures above 37°C. livestock, and humans.
Hot spell for wheat. Number of consecutive days with )

CDTWheat temperatures above 21°C. Also relevant for barley. Heat stress as in CDT37. w
Hot spell for potatoes. Consecutive days with )

CDTPotato temperatures above 17.8°C. Heat stress as in CDT37. w
Hot spell for tomatoes. Consecutive days with )

CDTTomato temperatures above 27°C. Heat stress as in CDT37. w

CDTDates Hot spell for date palms. Consecutive days with Heat stress as in CDT37. W

temperatures above 45°C.

To calculate these indices for each district, we used daily bias-corrected and statistically downscaled
climate data from an ensemble of Regional Climate Models for historical conditions (1980-2005)
and for RCP 4.5 and RCP 8.5 (2006—2050). Only results for RCP 8.5 are shown in the main text. The
downscaling used an ensemble climate product developed under the Regional Initiative for the
Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vulnerability
in the Arab Region (RICCAR) project. RICCAR is an outcome of a collaborative effort between the
United Nations, the League of Arab States, and respective specialized organizations to respond to
the request of the Arab Ministerial Water Council and the Council of Arab Ministers Responsible for
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the Environment. RICCAR aims to assess the impact of climate change on freshwater resources in the
Arab region through a consultative and integrated assessment that seeks to identify socioeconomic
and environmental vulnerabilities.

The product used here (RICCAR) consists of the outputs of three General Circulation Models (GCMs):
CNRM-CM5, SMHI-RCA4, and GFDL-ESM2M. These models were downscaled (50km) and bias-
corrected for two RCPs (4.5 and 8.5). These products are available from 1950-2100. These climate
products were strategically analyzed to study climate change dynamics in Jordan. We first further bias-
corrected the RICCAR data using the ECMWF-ERAS reanalysis product. Next, because the inherent
resolution of the original RICCAR data is 50km, it is of limited use to understand the spatiotemporal
dynamics of a small country such as Jordan, especially when the objective is to understand the impact
of climate change at a local scale in order to identify climate-smart agricultural options. Thus, as the
second step of the downscaling process, the bias-corrected RICCAR product that is consistent with the
ERAGS dataset was spatially interpolated to a very fine resolution (5km), also considering topographic
controls on micro-climate. This was done based on a superior algorithm called the Gradient plus
Inverse Distance Squared method (GIDS) developed by the United States Geological Survey, which
was created for interpolation in areas with sparse data, modified with the inclusion of a specified
search radius limit.?® The GIDS methodology develops a regression relationship between the climate
variable and northing, easting, and elevation for every time step for every grid cell or station location
to spatially interpolate to a fine scale.

The resulting data constitutes a unique set of downscaled climate products which are generated at
daily time step at very high spatial resolutions. From these basic meteorological variables, we derived
spatially and temporally high-resolution incoming radiation and relative humidity products to assist
in the calculation of various indices. We computed all of the indices for either the hot, dry summer or
cool, wet winter seasons by counting the numbers of days that meet the specific conditions. For the
number of moisture stress days, we performed a simple daily water balance calculation following the
method of Jones and Thornton.? In this method, the ratio of actual to potential evapotranspiration
(ETa/ETp) is calculated using an empirical equation, and the estimated potential evapotranspiration
is calculated with the Priestley-Taylor equation.?®' We computed the water balance for each day during
the entire time series, and then used the results to arrive at the number of days with moisture stress
(i.e. where ETa/ETp < 0.5). The historical period is considered to be 1981-2010, whereas the future
period is 2021-2049 (2030). All results are analyzed per AEZ.

To assess the impacts of climate change, using the EcoCrop model, we performed simulations of
the suitability of wheat, potatoes, tomatoes, olives, date palms, and barley.®? EcoCrop is a simple
process-based model that uses monthly means of maximum and minimum temperatures and
monthly precipitation totals to assess the degree of climate suitability for specific crops. The model
uses crop-specific parameters that define the optimal and marginal seasonal temperature and
precipitation conditions in which the crops can grow, and then compares these with the conditions
experienced at a site, under either current or future climates. The model has been demonstrated
to predict suitability accurately in a number of crop-specific assessments.?®* Parameters for running
the model were mainly obtained from the FAO-EcoCrop database, although for potatoes and date
palms, other sources were also used.?* All parameter values are specified in Table 3.1. The daily climate
data used to quantify the climate hazards were aggregated into monthly climatological means for
all EcoCrop simulations. For irrigated areas, we used suitability based only on temperature, whereas
for rainfed areas, we used suitability based on both temperature and precipitation. Model runs use a
fixed growing season (as specified in Table 3.1). Model runs were performed for the historical period
(1981-2010) and the 2030s (2020—-2049) for RCP 8.5.



Annex C: Economic impact
analysis methodology

The economic analysis presented here uses the International Model for Policy Analysis of Agricultural
Commodities and Trade (IMPACT), an exploratory tool for assessing linkages between agricultural
policy, climate change, and technologies in agricultural systems. IMPACT was parameterized by
the Shared Socio-economic Pathway 2 (SSP2), with the use of several GCM models (see Table C.1).
SSP2 is a scenario that is typically considered business-as-usual, in that “The world follows a path
in which social, economic, and technological trends do not shift markedly from historical patterns.
Environmental systems experience degradation, although there are some improvements and overall
the intensity of resource and energy use declines. Global population growth is moderate and levels
off in the second half of the century. Income inequality persists or improves only slowly and challenges

to reducing vulnerability to societal and environmental changes remain.”#¢

Table C.1 General circulation models used in the IMPACT analy

GCMs Institute

_ University of Tokyo, National Institute for Environmental Studies, and Japan Agency for Marine-Earth
MICRO-MIROCS Science and Technology

GFLD_ESM2G NOAA Geophysical Fluid Dynamics
IPSL-CM5A-LR Institute Pierre Simon Laplace
HadGEM2-ES Met Office Hadley Centre ESM

Crops and livestock relevant to the Jordanian context and modelled in IMPACT for the purpose of this
study are presented in Table C.2.

Table C.2 Crops and livestock modelled in IMPACT that are relevant to Jordanian context

Potatoes X

Egg;::;gé;ucumbers, tomatoes, squash, Modeled under vegetables

Dates Modeled under tropical fruits

Wheat X

Barley Modeled under C3 dryland cereals
Poultry X

Sheep Modeled under small ruminants

Dairy Modeled under animal numbers and yield

For the analysis, IMPACT calculated the expected impact of climate change on chosen variables
using two Representative Concentration Pathways (RCP 4.5 and 8.5). Variables available in IMPACT
include yields, area, production, etc. Area is defined as the amount of land on which crops are grown,
measured in hectares. Yield is the amount of production per unit area (MT/ha). Production refers to
the total weight of a crop measured in megatonnes and is a product of area and yield. Yield may give
some indication of changed practices, inputs, technology, etc. For example, an increase in production
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without an increase in area indicates that yield increased potentially with the use of improved inputs,
technologies, or practices.

It should be noted that IMPACT results are not predictions, but rather scenarios that describe the
future performance of crops under specific climate and policy conditions. IMPACT model results factor
in several key assumptions regarding the structure of the socioeconomic system, national investment
in agriculture, and climate. Thus, in interpreting the results, it is important to think of the modeled
trends as plausible, not predicted, futures. As the IMPACT model is a partial equilibrium model of the
agricultural sector, it is largely driven by the supply and demand of the modeled commodities. The
key trends examined include changes in yields, area harvested, net trade, and animal numbers.

The impacts of climate change on a given indicator of interest are calculated as the difference in

percentage differences in 2050 over the baseline year 2020 with and without climate change.?® For
example, the impact of climate change on yield (Ydiff(pp)) is assessed as follows:

Ydiff(pp) = %Aycc — YAYnoce

Where
Yccz050 — Yccz020 2
%Aycc =
Yccz020
YnNocc2050 — YNocczo20
%AYNocc =

YNoccz020 3

When calculated in this way, impacts are reported in terms of a percentage point difference. Impacts
can also be assessed as a percentage difference of the indicator’s 2050 value under CC with respect
to its 2050 value under the NoCC scenario. For yield this would be:

v _ Ycc2050 — YNocczos0
diff(%) —

Ynocczo50

When calculated in this way, impacts are reported in terms of percentages. The same equations apply
to the other characteristics examined here: area harvested, production, animal numbers, net trade,
food availability, and demand.

Several outcomes are possible when looking at climate change impacts relative to a scenario of
NoCC. The modeled variables show impact for each scenario (RCP4.5, RCP8.5, and NoCC), which
allows for comparison between the three. It is important to note that increases and decreases in
variables are relative; for example, yield may still increase under conditions of CC, but this increase
may be less in comparison to a scenario where climate change had not occurred. Thus, while yield
does increase under CC in this example, a diminished increase in comparison to NoCC shows the
detrimental impact of climate change on yield.



Annex D: Climate-Smart
Agriculture (CSA) packages

Table D.1 CSA package description

Production System

Irrigated AEZ

1. High-value date palm
development, processing,
and marketing using modern
irrigation systems and
improved cultural practices

2. Expanding and upgrading
protected vegetable
production with drip irrigation
and improved greenhouse
technologies

Specifically modeled in IMPACT

« The introduction of high-quality Medjoul and Barhi

date palm varieties in the Jordan valley was a successful
investment by the private sector of Jordan. Farmers and
industry actors managed to produce high-quality yields
and process, package, and export their dates with notable
profits. The use of modern irrigation systems such as
sprinklers and drip irrigation, and of improved cultural
practices, helped to establish a sound industry.

« Planted areas have expanded only slowly due to several
factors: the high initial investment required, which only
wealthy farmers can afford; damage from insects and
diseases; and low local consumption rates. The practice
is worth expanding, though, as it addresses Jordan’s
water scarcity directly through its high economic water
productivity.

« A program to support small farmers to adopt and expand
this practice and address the above issues, organize the
process to reduce costs through the establishment of
cooperatives, and open both internal and external markets
can contribute to making agriculture in Jordan more
relevant and profitable.

« The package would include a program for supporting
small farmers during the establishment phase, including
credit and technical assistance; formulation of cooperatives
that can consolidate land for larger date palm fields; plant
protection programs especially against red palm weevils;
and aggregate processing and marketing facilities.

¢ Vegetable production under irrigation in the Jordan
Valley includes tomatoes, potatoes, cucumbers, eggplants,
squash, and peppers. They are grown either in open

fields or protected in greenhouses, manly relying on drip
irrigation, although some furrow irrigation is still in use in
open fields. The major benefit of vegetable production in
the Jordan Valley is the relatively warmer temperatures in
winter, which allow production without additional heating,
an advantage over the highlands. Most of the production is
consumed locally, but exports to neighboring countries are
essential, and small amounts are exported to Europe.

« Challenges facing vegetable production in the Jordan
Valley include low productivity and quality in open fields, a
lack of grading and quality control for export, intensive use
of chemicals, production market fluctuations that cause
prices to crash, and a lack of processing facilities for added-
value products.

« This package includes a program for converting open-
field vegetable production to protected systems with drip
irrigation and for improving greenhouses technologies
with regard to varieties, pest and disease control, etc., in
order to end up with higher quality products. This package
also entails establishing grading and processing facilities
for added-value production, building temporary cold
storage facilities using renewable energy to avoid market
flooding, and creating institutions for organizing farmers in
cooperatives able to reach external markets.

Modeled as part of broader category

+ The climate-smart potential of date palms
mainly stems from high adaptation and
productivity levels. Date palms are very
resilient to climate variability and change, as
well as being water-use efficient and tolerant
to lower quality water. Date palms also make
an essential contribution to people’s diets,
especially in terms of their nutrients.

« The yields and income of date palms are
high, but more important in the context of
Jordan is their high water productivity in
economic terms.

+ Date palms use a moderate amount of
energy for irrigation and processing fruits,

and residues and date palm waste can be
processed to produce environmentally friendly
biofuel or biochar.

* In the Jordan Valley, vegetable production

in greenhouses with drip irrigation is highly
water-efficient. Water productivity is potentially
high; currently, though, it is often low due to
marketing problems and fluctuating prices.

« Production is in the warm winter of the
Jordan Valley requires no heating and only a
little energy for pumping water, and so will
contribute to lower GHG emissions. Using
renewable energy for cold storage could
further minimize emissions.

+ Promoting vegetable consumption enhances
nutritious and healthy diets and may reduce
reliance on less sustainable food systems.

+ Developing the industry within a value chain
will improve farmers’ incomes and contribute
to productivity and adaptation to the potential
impacts of climate change.
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Production System

3. Advancing inland
freshwater fish production for
local nutritional food security
through improved breeds and
practices

4. Upgrading irrigation

water productivity through
modernizing systems,
changing to high-value cash
crops, and applying precision
agriculture

Specifically modeled in IMPACT

« Currently, there is limited production of fish in Jordan.
Freshwater ponds have recently been developed for fish
production and have shown some success. Production of
fish, however, is still low in Jordan, because consumption is
low due to high prices. Producing fish at lower prices can
enhance consumption and provide a more balanced and
nutritious diet.

« Investing in more advanced freshwater fish production
and upscaling to other areas in Jordan would reduce prices
and provide farmers with additional income. This package
would introduce better ponds, improved fish varieties, and
enhanced cultural practices at a larger scale.

« In Jordan, extreme water scarcity makes water, not

land, the most limiting resource, so strategies and water
management practices need to be adjusted to ensure the
highest economic return for each unit of water. Although
some modern technologies such as drip irrigation

have been used, still most of the irrigated agriculture is
conventional with low water productivity.

« This package aims at a paradigm shift in irrigation water
use to achieve the highest economic return for a cubic
meter of water. Transforming traditional practices requires
significant policy modifications to provide incentives.
Changes would involve firstly, water-productive cropping
patterns that replace many current crops such as bananas,
forages, and field crops with high-value economic cash
crops, and secondly, converting traditional irrigation
systems to modern ones with high efficiency. Precision
agriculture, such as land grading and using sensors for
improved management of water and nutrients, is part of
this package.

Modeled as part of broader category

« Fishponds use relatively small amounts of
water, which can be recycled for other uses
such as irrigation. The productivity of fish per
cubic meter of water or land is very high, which
is relevant for water-scarce Jordan.

+ Promoting the consumption of fish enhances
nutritious and healthy diets and may reduce
reliance on less sustainable food systems.

+ The package would significantly increase
productivity and farmers' incomes because
modernizing agriculture will be more
productive and ensure a higher return for
market-oriented cash crops.

+ The package will help farmers utilize scarce
water resources more efficiently and more
productively, so as to maintain adaptation and
reduce climate risk. Using precision agriculture
will direct nutrients and other inputs only
where needed.

5. Strengthening the energy-
water-food nexus in irrigated
agriculture by replacing
fossil fuel for pumps and
local desalination units with
renewable solar energy

6. Treatment and use of
sewage water in agriculture
through decentralized
treatment at the community
level, support for greywater
treatment at the household
level, and managing treated
sewage with rainwater in
supplemental irrigation
systems

« Enhancing the energy-water-food nexus is the most
effective strategy for achieving higher resource efficiency.
Energy is a major component in irrigation pumping and the
desalination of brackish water for irrigation. In addition to
higher costs for power in Jordan, energy also contributes to
GHG emissions. Replacing fossil fuel for pumps and local
desalination units with renewable solar energy would be
more sustainable and climate-friendly.

« By replacing fossil fuel and electrical pumps and
desalination units with solar units, this package aims at
lowering energy costs for water resources and irrigation
pumping, and at maintaining sustainable energy and water
for food production in irrigated areas. Farmers would need
support through credit provision and arrangements to link
solar energy generation with the power network.

« Jordan uses most of its treated sewage in agriculture, but
the crops that receive this water are restricted. The inclusion
of more crops requires better treatment, monitoring, and
safety measures. Experiments showed that much of the
sewage especially in rural areas can be treated at a lower
cost to people and the environment at the household

or community level by separating, treating, and using
greywater in the garden.

« Treatment plants in the highlands dispose of their water
to neighboring areas to irrigate fodder and landscapes.
The use of this water is still inefficient and has little value. If
treated sewage is targeted towards supplemental irrigation
in winter and towards fodder and landscapes in summer,
then more value can be derived.

« This package aims at improving the treatment and use of
sewage water in agriculture by investing in decentralized
treatment at the community level, supporting greywater
treatment at the household level, and managing treated
sewage in the highlands conjunctively with rainwater in
supplemental irrigation systems.

« This package would unlock additional or
alternative water potentials for agricultural
production through CO2-friendly or neutral
energy inputs. Solar energy systems are most
feasible for Jordan, which receives plenty of
sunshine.

+ The use of solar power systems could
generate business and employment and
lead to good market options. Although brine
residues from brackish water desalination are
minimal, they are potentially harmful for the
environment and require an effort to recycle
into useful byproducts.

« This package enables the treatment and
re-use of marginal-quality water instead of
wasting it.

« The use of treated marginal water at the
household level, e.g., for rural household
back garden agriculture, limits the need to
exploit other resources, such as by relying on
groundwater or delivering water by truck.

« At the large scale of centralized treatment,
water can be used without taking a long time
for transfer or transportation and storage,
thereby avoiding evaporation losses.
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Production System

Rainfed AEZ

7. Upgrading olive production
and processing by
introducing low-cost, modern
technologies for collection,
cold pressing, and pickling,
and by alternative use of
waste

8. Soil improvement through
increased infiltration and
soil-health storage capacity
through contouring, terracing,
appropriate plows, polymers,
and the use of organic matter

Specifically modeled in IMPACT

« Olive growing is a major and important production system
in rainfed areas, with some olives also cultivated under
irrigation. The production of olive fruits and oil exceeds local
consumption, but farmers face difficulties in exporting the
surplus due to various constraints. Issues include low and
alternating tree productivity; the high cost of handpicking
fruits; the low quality of fruits due to insect and collection
damage; oil extraction methods that use hot water for
pressing, which reduces oil quality; and the difficulty of
marketing products and disposing of biosolids.

« Upgrading production and processing systems could
make olive growing more economical for farmers and more
competitive in the international market. This package would
focus on improving cultural practices by supporting farmers
with extension and introducing new low-cost collection
technologies, protection against insects and diseases, and
modern technologies for cold pressing and pickling, such
as using renewable energy to upgrade olive oil to higher
qualities with attractive packaging and effective marketing.

« Olive oil extraction mills produce considerable amounts
of biosolids and liquid waste, which have potential
economic value but currently are not only wasted but also
pollute the environment. This package would introduce
alternative, environmentally friendly ways of pressing and
processing biosolids to generate useful fertilizers, heating
materials, and other products that can help farmers and the
environment.

« Rainfed areas in Jordan are mostly undulating landscapes
featuring fruit trees and field crops, and entailing the
likelihood of runoff and erosion. Most precipitation is

lost in evaporation and runoff. So generally, soil health is
poor both in terms of chemistry and biology. Due to poor
systems, carbon sequestration is also slow. Soil conservation
practices are common in Jordan. However, most lands with
steep slopes require measures to allow water infiltration and
reduce erosion.

« This package would implement soil-water practices to
improve infiltration and soil storage capacity, including
contouring, terracing, and the use of appropriate plows,
polymers, and organic matter. These practices would
increase soil-water storage, but other interventions can
retain water for plant use, including soil mulching, the use
of early-vigor field crop varieties, and improved schedules
of supplemental irrigation for rainfed fruit trees.

« The package will support the low-cost application of

zero or minimum tillage and the use of manure and plant
residues, which, after processing, can support healthier soils
with better structure.

Modeled as part of broader category

« This package can help the value chain
become more productive and bring farmers
higher incomes.

» More green water storage through soil-water
efficiency will be reflected in higher returns.

+ Many studies mention the capacity of olive
trees to increase soil carbon storage.

« This package supports mitigation and
reduced emissions in several ways: by
improved handling of the power requirements
of pressing mills, by supporting the use

of solar energy and cold pressing, and by
recycling biosolids and liquid wastes into
economic products.

« Healthy soils have good physical structure,
e.g., aggregates, pore systems, and infiltration
and water holding characteristics. They also
contain adequate carbon and nutrients for
supporting plant growth and general carbon
storage.

+ Healthy soils can better respond to extreme
climate-soil hydrological conditions, for
example, through quicker infiltration and an
advanced capability to hold water against
gravity and evaporation, or through better
organic materials and residues, which, in the
extreme case of mulching, significantly reduce
evaporation from the surface.

+ Enhanced soil structure and aggregate
stability build resilient soils less vulnerable to
degradation.

« This is a win-win case of increased land
productivity in addition to environmental
improvement.
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Production System

9. Agroforestry packages to
reforest most of the suitable
marginal lands in 10 years by
planting trees and shrubs
and creating development
programs for follow-up

10. Enhancing field crop
water management and
value addition, upgrading
the durum wheat value
chain for higher income, and
expanding barley production
with rainwater harvesting for
animal feed

Specifically modeled in IMPACT

« Very little area is covered with forests in Jordan, less than
1% of the country. Historically the situation was much
better, but human intervention has degraded many forests.
Due to reforestation efforts late last century, mainly by

the government, many new forests were successfully
established. Recently, the interest in reforestation has been
renewed, and plans are being made to initiate the planting
of 10 million trees a year. There is plenty of marginal land,
both public and private, for which forestry is the best land
use. Major issues include a lack of follow-up after planting
with a very low survival rate; little investment allocated

to this activity, which is considered low-priority; and the
preference of people who own private lands for economic
cropping.

« This package aims at developing a program for reforesting
most of the suitable marginal lands in 10 years, not only by
planting appropriate trees and shrubs but also by creating
programs to follow up and ensure that development is
successful. To reforest private marginal lands, incentives

for landowners may be included in the package. Many tree
and shrub species are suitable for different zones in Jordan,
but most land awaiting reforestation is rainfed, with slopes.
Large trees like pine, oak, and eucalyptus are common, but
shrubs that provide feed for animals also have potential.

« Field crop lands in Jordan have been declining in recent
decades, with fruit trees and other cash crops taking over.
Wheat and barley, however, are important crops for dietary
and social reasons. Importing grains is cheaper than
growing them, especially because the government heavily
subsidizes the prices. There is an opportunity to maintain
durum wheat production through an added-value process

for locally popular “freekeh” and pasta-associated products.

This effort will require growing special varieties and
improved processing technologies.

« Jordan imports a large number of barley grains for animal
feed. There are vast areas suitable for barley production
with lower rainfall than is required for wheat, but some
form of rainwater harvesting is needed, and lands must

be well-selected. Rainfall zones receiving below 300 mm
annually and areas like the “Marab” can be utilized for
barley production. Recently, plots in the Marabs managed
by ICARDA with appropriate water harvesting produced 6
t/h of grains, similar to irrigated areas.

« This package aims to upgrade the durum wheat value
chain for higher incomes and to expand barley production
with rainwater harvesting for animal feed. It seeks to
attain these objectives through investment in high-

value processes like those for “freekeh” and pasta, and

by applying integrated input packages with rainwater
harvesting.

Modeled as part of broader category

« Besides their contribution to storing carbon,
agroforestry packages can provide shade
through strategic positioning, for example in
agropastoral systems, substituting CO2-
intense structures.

« Agroforestry packages can also help regulate
microclimate through cooling; strengthen

the soil by preventing erosion, for instance,
through contour intercropping; reduce

wind speeds through shelterbelts; and host
beneficial biological predators so that less
chemical pesticide may be needed.

« Various trees can provide direct agricultural
benefits through, e.g., medical or livestock
feed value, even if no fruit trees are suitable.

« Improved water management through runoff
strips or ‘Marab’ flood-irrigation practices
retains excess rainfall and enhances localized
deep infiltration into the soil, bridging
intra-seasonal dry spells and thus fostering
adaptation to climate change. Overall,

crop production increases, and variation in
productivity due to rainfall variance decreases.

« This package would also contribute to
increased value addition for local products like
pasta, greater economic gains, and reduced
transport-related CO2 emissions. However,
the processing industry also generates CO2
emissions, which need to be considered.




Production System
Rangeland AEZ

11. Enhancing small ruminants’
production and quality

with concentrated farming
including by-product
processing, fattening, and
advanced breeding

12. Strengthening the dairy
production value chain at
the industry and community
levels through collective cold
storage using renewable
energy and through training
with a proper institutional
setup

Specifically modeled in IMPACT

« Currently, small ruminants, sheep, and goats mainly

use open grazing with supplemental feed. Open grazing
usually results in overgrazing, causing degradation of the
rangelands of Jordan. Changing this practice to on-farm
fattening would increase efficiency and reduce overgrazing
and degradation of the rangelands.

« The resilient local Awasi sheep is desired for quality and
taste and enjoys international demand, although it lacks
some traits of high productivity. Advancing the Awasi breed
by selection and crossings would create a significant market
and large industry. This will require an advanced breeding
center specialized for this ruminant.

« Small ruminants are used mainly for meat and milk. Other
parts of the animal like wool and skin are underused due

to a lack of appropriate processing facilities. Utilizing these
parts, in addition to milk byproduct processing, can increase
the economic return per animal substantially, decrease

the amount of waste and its disposal into environment,

and increase reuse and production. This package includes
investment in modern sheep farm fattening and balanced
feed processing and production, creates a breeding

center to improve Awasi sheep, and develops facilities for
whole-animal production and its value chain at local and
community levels.

« The dairy processing industry in Jordan is important
and relatively well-developed, but requires expansion
and organization to support more farmers and provide
sustainability.

+ Much of the milk production from the Badia goes to

cities for processing. There are issues with cooling facilities
and health, and herders do not always receive a fair share

of the value added along the chain. Decentralizing dairy
production at the community level would increase incomes
and reduce the costs associated with cold storage and
transportation. It would also lessen migration to urban areas
and provide stability.

« This package would support the dairy industry and local
communities to improve the efficiency of the production
chain through collective cold storage using renewable
energy and through training with a proper institutional
setup of the milk-producing communities in the Badia.
It would also enhance the incomes of local communities
through processing units.

« Finally, the program would contribute to higher energy
and water efficiency through advanced processing.

Modeled as part of broader category

+ Reducing overgrazing would help to
revegetate the rangelands with increased
carbon sequestration.

« This package would also increase productivity.

« The selection of breeds with high export

value increases the economic benefits per
head, taking into account water and feed

consumption.

+ Alocal feed supplement system can partially
build on food waste, such as vegetable waste.

« Using renewable energy for cooling and
storing milk products helps mitigate climate
change.

« Productivity improves as efficiency increases.

« Local communities benefit from additional
employment and income.

« In addition, decentralization might help
reduce the transportation of dairy products.
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Production System

13. Badia restoration with
micro-catchment water
harvesting and improved
grazing management

Specifically modeled in IMPACT

« Open grazing of the Badia agropastoral system has caused
severe degradation and loss of vegetative cover. Traditional
restoration through protected areas and direct seeding
resulted in little success. The old Hima tribal grazing system
was effective at one time, but now needs updating for
modern times. The implementation of sound management
would reduce overgrazing for the restoration of the
vegetative cover.

« Research has shown that restoration might advance much
faster through a progressive and integrated program for
the degraded Badia that uses micro-catchment water
harvesting and improved shrubs and grasses in conjunction
with grazing management. In-situ water harvesting allows
runoff water to infiltrate and be stored in the soil profile
instead of being lost in evaporation or salt sinks. This
practice is now mechanized and can expand at low cost in
the Badia; it would support shrubs and grasses and halt
degradation.

« This package includes providing Vallerani micro-catchment
water harvesting units to construct bunds at large scale,
nurseries to produce millions of seedlings of indigenous
shrubs, and qualified people to implement the restoration
package. It also entails changing grazing management

of restored areas from open to controlled, and training

local communities and restoration staff about package
implementation.

Modeled as part of broader category

+ This package will contribute to additional
carbon sequestration through shrubs and
grasses.

« It will foster higher resilience of the ecosystem
and local communities.

« It will also increase the productivity of the
Badia ecosystem.

+ Local and native rangeland species are

better adapted to climate variance than barley
agriculture.

14. Rainwater harvesting for
households’ domestic and
agricultural use

« Given the extreme water scarcity in Jordan, households

- especially in rural areas — are burdened with difficulties
and costs associated with securing water for drinking and
growing trees, vegetables, and other plants in backyard
gardens. Households can collect rainwater from rooftops
and paved areas around the house to cover 40-60% of their
needs depending on the level of investment in storage
facilities.

« This package would invest in collecting rainwater from
rooftops, including from gutters and other construction
materials; storing the water in a cistern; and using it for
drinking and garden agriculture. These practices can be
combined with renewable energy generation for pumping
and home use. These investments can save water, support
the household economy, and contribute to national efforts
to overcome water scarcity.

« Beyond the household level, in low and medium rainfall
areas, rainwater runoff from small catchments can be
collected and stored in small reservoirs and cisterns at the
farm or along wadis (valleys) for supplemental irrigation and
livestock watering.

« This package would invest in farm rainwater harvesting and
reservoir construction for small-scale farmers’ agriculture.
Relevant technologies include runoff inducement facilities,
building surfaces, and underground reservoirs and small-
farm supplemental irrigation systems.

« This package can contribute to reduced water
use from central supplies.

« It would increase farmer incomes.

« At the household level, more opportunities
for growing trees and for agriculture result in
additional vegetation and carbon storage.

« This package helps boost the resiliency of
communities.

+ Because less water transport would be
required, e.g., using water trucks, CO2
emissions would be diminished.




Production System

15. Expanding hydroponic
and aeroponic practices for
high-value vegetables using
groundwater

16 . Upgrading the poultry

industry and value chain with

local feed production and
collective cold storage using
renewable energy

Specifically modeled in IMPACT

- Jordan faces huge water shortage crises. Yet it is not able
to control groundwater mining in many areas (e.g., Marfaq
and southern areas, but also others). Farmers, therefore,
are able to mine aquifers for unsustainable agriculture and
low water-use efficiency. Converting current agricultural
systems and cropping patterns into more water-productive
hydroponic and aeroponic practices will reduce the energy
required for pumping water and provide higher value for
farmers and more sustainable systems.

« Hydroponic and aeroponic technologies for vegetables
are utilized in Jordan on a limited scale. They are extremely
water-productive, both economically and biophysically.
Facilitating investment and training will help spread and
save water resources. This package aims at investing in
hydroponic and aeroponic protected greenhouses and
the water-nutrients supply system. Training and policy
incentives would help farmers adopt hydroponic and
aeroponic practices instead of the current inefficient
systems. Renewable energy may support not only the
pumping system but also the household and community.

«Jordan is self-sufficient in poultry and eggs with great
export potential. Most of its poultry production is centralized
in large production farms. Jordan imports almost all its
poultry maize-based feed. Issues facing poultry production
include the high cost of imported feed, energy costs, the
quality of cold storage, and standards for export.

« This package will support the production of suitable maize
or other crop varieties by contracting farmers to produce
poultry feed. It will support the decentralization of poultry
farms to rural communities, the creation of processing
plants for chicken feed, and the establishment of collective
cold storage using renewable energy.

Modeled as part of broader category

« This package would help reduce groundwater
mining and fossil fuel use.

« It would heighten water-use efficiency and
productivity.

« It would lessen fertilizer and pesticide use.

« Finally, this package would also contribute to
higher incomes.

« Efficiency improvements in local feed systems
through modernization and up-scaling of

the sector will positively impact water-use
efficiency and water productivity.

« Costs and energy would be reduced by
replacing imported feeds with local ones.

+ Using renewable energy for cold storage is
climate-friendly.

« This package would also help increase
productivity and income for rural communities.

+ The alignment of whole production chain
would increase adaptation.
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Annex E: Concept notes

Concept note 1: Date Palm

High-value date palm development, processing, and marketing using modern irrigation and
improved cultural practices

Title

Summary

Overall objective Expand current date palm area by 20% (800 ha) in small landholdings and increase present plantations'
economic returns by 50% over 5 years.

Beneficiaries About 500 new small and medium-sized farm owners in addition to existing large farm owners
Target region Irrigated areas in the Jordan Valley
CSA Pillars (A,M,P) This project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation (M).

- A: Date production supports adaptation because it is resilient to climate variability and change, has
high water productivity, and is tolerant to water stress and lower-quality water.

- P: This investment supports production because returns are high for crop yields and income and
promise high water productivity.

- M: Mitigation is achieved as a co-benefit because date production uses relatively moderate energy
for irrigation and fruit processing, and residues and date palm waste can be processed to produce
environmentally friendly biofuel or biochar.

Introduction and strategic context

Background The introduction of high-quality Medjoul and Barhi date palm varieties in the Jordan Valley has been a
successful investment by Jordan's private sector. Farmers and industry actors produce, process, package,
and export high-quality dates with substantial profits. Modern irrigation systems like drip irrigation and
improved cultural practices have helped establish a sound industry.

Problem statement and Date palm production areas have expanded, but at a slow rate due to the high initial investments

justification required, damage from insects and diseases, and low local consumption rates. The practice is worth
developing, though, because it directly addresses Jordan's water scarcity through its high economic
water productivity. A program to support farmers, especially small and medium holdings, to adopt
and expand date palm production, and to address production challenges, especially marketing, can
maximize water productivity and make Jordan more relevant and profitable. To be successful, this
program must also help reduce costs by instituting cooperatives or another mode of organization or
alignment, and by establishing open markets, both internal and external. Limited water resources that
create competition may favor expanding date palms over low water- and land-productivity cropping,
such as field crops and forages, and over low-productivity open-field vegetables.

Strategic, institutional, and  Jordan struggles to cope with increasing water scarcity and declining water available for agriculture. The

policy context water and agriculture strategies of Jordan emphasize the allocation of water to high-return options.
Date palm growing is among those options because of its high economic water productivity. So far,
about 4000 hectares have been planted, with good returns. The private sector initiated and runs the
whole business. Support from the public sector includes water supply and extension services, as well
as programs to control red palm weevils. Policies to promote date palm expansion are not explicitly
indicated since they may entail additional demand for water. However, a more realistic option may
involve appropriate subsidies to discourage less productive cropping and encourage date palm
expansion to replace crops with lower water productivity and income. As fruit quality is highly sensitive to
microclimate, policies for a controlled expansion are recommended only for suitable areas. Furthermore,
policies to promote the local consumption of dates and improve the quality of products and exports are
essential for this sector's development.

Climate impact

Climate modeling Date palms can tolerate very hot conditions, and though they are perennial and hence exposed to
summer temperatures, palm cultivation is not expected to experience negative impacts from higher
temperatures. Under irrigated systems, date palms either maintain their current levels of suitability or,
in the southern part of the Jordan Valley, increase suitability.




High-value date palm development, processing, and marketing using modern irrigation and

improved cultural practices

Economic impact The date palm was modeled using IMPACT. Within IMPACT and following a business-as-usual scenario
Shared Socioeconomic Pathway (SSP) 2, areas planted with tropical fruit will expand, while yield per
hectare will increase even more under climate change in 2050. Tropical fruit will experience a trend
towards importation to Jordan by 2050. However, this trend will diminish under climate change scenarios.

Strategic, institutional, and  Jordan struggles to cope with increasing water scarcity and declining water available for agriculture. The

policy context water and agriculture strategies of Jordan emphasize the allocation of water to high-return options.
Date palm growing is among those options because of its high economic water productivity. So far,
about 4000 hectares have been planted, with good returns. The private sector initiated and runs the
whole business. Support from the public sector includes water supply and extension services, as well
as programs to control red palm weevils. Policies to promote date palm expansion are not explicitly
indicated since they may entail additional demand for water. However, a more realistic option may
involve appropriate subsidies to discourage less productive cropping and encourage date palm
expansion to replace crops with lower water productivity and income. As fruit quality is highly sensitive to
microclimate, policies for a controlled expansion are recommended only for suitable areas. Furthermore,
policies to promote the local consumption of dates and improve the quality of products and exports are
essential for this sector's development.

Short description of the CSA investment package

Outline The investment package aims to expand the existing date palm area by 20% (800 ha) in smallholdings
in the Jordan Valley and increase current plantations' economic returns by 50% over 5 years. It targets
500 owners of new small and medium-sized farms and of existing large farm the Jordan Valley irrigated
areas. The package would include a program supporting small- and medium-scale farmers during the
establishment phase, including credit and technical assistance, the formation of cooperatives that can
consolidate land for larger date palm fields, plant protection programs especially against red palm
weevils, and aggregate processing and marketing facilities. The project will also facilitate investment
and public support through policies and marketing instruments for large farming.

Key actors MoA, Ministry of Water and Irrigation, NARC, Jordan Date Palm Association JODA), Ag. credit bank,
Khalifa date palm establishment, market chains, the media, farmers, and investors

Key components

Component 1 Increase technical and financial support for small- and medium-scale farmers. This component will
encourage these farmers to transition from low productivity cropping to more productive date palm
production. Specifically, this component will include the following: (i) technical training in soil-water-
nutrients conservation, pest and disease protection, and other cultural practices, as well as business
management and bookkeeping; (ii) devising innovative financial mechanisms to expand production
and improve quality and pre- and post-harvest practices, for instance through profit-credit schemes.

Component 2 Form and strengthen producer groups to boost the commercial viability of new small and medium-
sized producers. Small- and medium-scale farmers can benefit from economies of scale, risk
sharing, and increased access to information achieved through producer groups or other cooperative
organizations. Large farmers can also benefit from producer groups that expand local and export
marketing opportunities. This component entails the following: (i) the establishment of cooperatives or
alignment of small and medium-sized producers, (i) encouraging direct producer-retail relationships,
and (iii) subsidizing the costs of transitioning farmers from less productive cropping to date palm
expansion, hence encouraging specialization.

Component 3 Increase product quality and yield. This component will bolster product quality and yield among both
existing and new farmers. Subcomponents will include the following: (i) practices to enhance soil-
water-nutrient conservation, (i) the establishment of plant protection programs especially against
red palm weevils, (iii) the improvement of cultural practices more generally, and (iv) product quality
standardization.

Component 4 Aggregate farming, processing, and market facilities. This component will support small- and medium-
scale farmers in reducing costs and increasing market opportunities. Specifically, it will (i) modernize
farm operations through the mechanization of pruning, pollination, and harvesting, in conjunction with
other practices for reducing costs; (i) support implementation of collective post-harvest and marketing
infrastructure; (jii) help establish communal storage, packing, freezing, and distribution facilities; (iv)
expand domestic and export market opportunities; and (v) facilitate contract farming systems and
models.

Component 5 Improve information management. This component will furnish timely and accurate information critical
for investment, planning, and marketing, and integrate information and communications technology
to attract young entrepreneurs. Specifically, this component will involve (i) establishing a national
database with relevant and accurate information about production, processing, and markets; and (ii)
developing e-extension and e-advisory to improve service provision.
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High-value date palm development, processing, and marketing using modern irrigation and
improved cultural practices

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
COVID-19 Medium Medium
Political, regional instability High High
Labor availability Medium Medium
Pests and diseases Medium Medium
Enhanced salinization Medium Low
Water availability Medium High
Production cost increases and .
L . Low High
declining prices
Dair Modeled under animal
Y numbers and yield

- COVID-19 and political instability in the region are significant risks that may impact the export of
agricultural products. Both threats disrupt land transport of goods to market, reduce purchasing power,
shrink distribution networks, and stifle labor supplies for actors along the value chains. The influx of
refugees adds additional risk to the expansion of date palm production due to competition for land
coupled with the demand for low-cost food staples, potentially leading to the prioritization of caloric
needs over nutrition.

- Pests, diseases, and enhanced salinization, as indirect results of climate change, are perceived as
particular risks for irrigated areas where date palms are grown.

- Given increasing water scarcity in Jordan and emerging new national priorities, water availability
constitutes a risk for agriculture in general and date palms in particular. With the demand for more
water, pressure to use saline water is growing, along with the risk of salinization of the soil.

- A spike in production costs or a severe decline in prices is a low risk, but if it occurs, the industry may

collapse.
Financing opportunities Chambers of commerce and the private sector are interested in viable proposals that include modern

technologies, job creation, food security, and markets; however, there is no law on social enterprises.
The current environment is not conducive to private investment due to a lack of reliable policies and a
dearth of information. External investment could be enormous, especially from Gulf countries. The UAE
Khalifa date palm foundation is already involved with Jordan date palm association. Conclusion: There
are promising opportunities for private-sector investment finance, especially concerning scaling up for
export markets and digital agriculture. Blended finance could enable public money to reduce the risks
shouldered by the private sector, especially by small farmers.
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Concept note 2: Vegetables

Expanding and upgrading protected vegetable production with advanced

Ticle technologies and processing and marketing options

Summary

Overall objective Expand protected vegetable cultivation by 25% and economic water productivity by 40% over 5
years.

Beneficiaries 500 small and medium-sized farmers currently cultivating in open fields and 200 existing

protected agriculture farmers; an extra 40 farmers will be targeted for hydroponics

Region The Jordan Valley irrigated areas and highlands currently using groundwater
CSA Pillars (A,M,P) The project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation
m).

- A: Advanced-technology vegetable production supports adaptation because it promotes
efficient use of scarce water resources and nutrients through modern irrigation systems and
precision agriculture.

- P: Production is another critical pillar for this investment because modernizing agriculture will
achieve higher yields and incomes for farmers by capitalizing on high-value export markets.

- M: Mitigation is achieved as a co-benefit because production in the warm winter of Jordan
Valley requires no heating and little energy for pumping water, which will contribute to lower
GHG emissions. Using renewable energy for cold storage could further minimize emissions.

Introduction and strategic context

Background Vegetable production under irrigation in the Jordan Valley and highlands includes tomatoes,
potatoes, cucumbers, eggplants, squash, and peppers. They are grown either in open fields or
protected in greenhouses, mainly relying on drip irrigation, although some furrow irrigation is still
used on open farms. Vegetable production in the Jordan Valley benefits from relatively warmer
winter temperatures, an advantage over highlands, which allow production without additional
heating in winter season. Most of the output is consumed locally, but exports to neighboring
countries are essential, and small amounts are exported to Europe.

Problem statement and Vegetable production in open fields is challenged by low productivity and quality, a lack of

justification grading and quality control for export, intensive use of chemicals, production market fluctuations
that cause prices to crash, and a lack of processing facilities for added-value products. In Jordan,
extreme water scarcity makes water, not land, the most limiting resource, so technologies and
water management practices need to be adjusted to ensure the highest economic return for each
unit of water. Although some modern technologies such as drip irrigation have been utilized,
most open-field vegetable cultivation continues to rely on conventional furrow systems with low
water productivity. Despite the alarming depletion of groundwater in the highlands, vegetables
are grown in the summer alongside forages and fruit trees with low water productivity. In such
situations, cultivation may be justified only if high water-productivity technologies are adopted,
such as protected agriculture using hydroponics.

Strategic, institutional, The vegetable sector can achieve much higher water productivity — 5-10 times greater — compared

and policy context to other crops, or by changing from open fields to protected or greenhouses cultivation. This is a
strategic change to cope with growing water scarcity and declining agricultural water in Jordan.
The vegetable sector faces serious challenges, however, especially from COVID-19. Government
policies to overcome some of these challenge can improve farmers' livelihoods and help alleviate
water scarcity.

Climate impact

Climate modeling Tomatoes and potatoes were modeled as essential vegetables presently grown or planted
under irrigated conditions. Currently and under future scenarios, very early or very late-planted
tomatoes could experience significant heat stress. For potatoes, temperatures may dramatically
reduce tuber formation and tuber weight without adaptation, while hot spells can cause heat
damage and decrease tuber yield. For irrigated areas, results suggest that by the 2030s, potatoes
will become less suitable. Moderate warming is projected to increase the suitability of tomatoes
from marginal to moderately appropriate, potentially representing an opportunity for future
tomato cultivation under irrigation in Jordan.
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Expanding and upgrading protected vegetable production with advanced

technologies and processing and marketing options

Economic impact Vegetables were modeled as a broad category in IMPACT; potatoes were modeled separately
as a specific category. In IMPACT, following a business-as-usual scenario (SSP2), areas used for
vegetables will expand slightly, and yield per hectare rises substantially under climate change in
2050. The area used for potatoes is expected to decrease slightly, while the yield per hectare is
expected to decline significantly under climate change in 2050. Vegetables are the only category
of crops that experience a trend towards exportation by 2050, which is more pronounced under
moderate and severe climate change scenarios. Potatoes show a very slight trend toward
importation.

Short description of the CSA investment package

Outline This package aims to expand protected vegetable cultivation by 25% and economic water
productivity by 40% over 5 years. It targets 500 small and medium-size farmers cultivating in
open fields, 200 existing protected agriculture farmers in the Jordan Valley, and highland irrigated
areas now using groundwater. This package involves converting open-field vegetable production
in Jordan Valley irrigated areas to protected systems with modern, highly efficient irrigation. It
consists of the use of improved greenhouse technologies such as promising varieties and pest
and disease control for higher quality products; precision agriculture, such as using sensors for
improved management of water and nutrients; building temporary cold storage facilities to help
avoid market flooding; using renewable energy; development of e-extension and e-advisory to
enhance service provision; and establishing grading and processing facilities for added-value
production, processing, and export. This project also supports introducing hydroponic production
of high-value vegetables in irrigated highlands with groundwater resources. This technology
should replace low water productivity in open vegetable fields, forages, and fruit trees, rather
than expanding current planting.

Key actors MoA, NARC, extension services, credit banks, investors, and the private sector

Key components

Component 1 Provide technical and financial support for small- and medium-scale farmers during the
transition phase. This component will support small- and medium-scale farmers to shift from
low-value cropping systems to modern high-value vegetable production. Subcomponents will
include (i) technical training in pest control, quality, certification, etc., and (ii) developing credit
programs to support initial investments for converting to protected vegetable production and
modern technology.

Component 2 Strengthen farmer producer groups and value chain integration for export markets. Export
markets provide Jordan with promising vegetable production opportunities, but taking advantage
of these opportunities requires high-quality criteria and well-developed linkages within the value
chain. Hence, this component supports small- and medium-scale farmers and other value chain
actors to reach external export markets. Specific elements are as follows: (i) strengthening small-
and medium-scale farmers through the development of cooperatives, contract farming, etc., to
improve and standardize quality and pool their harvests; (i) encouraging direct producer-retail
relationships and establishing linkages with companies for export; and (iii) quality certification
schemes to enable access to high-value export markets.

Component 3 Convert open-field vegetable production into protected modern production systems with
higher quality products. This component will support small- and medium-scale farmers
transitioning from open-field or protected vegetable production to modern production systems.
Subcomponents include the following: (i) greenhouse construction and upgraded tunnels; (ii)
the introduction of improved greenhouse technologies such as varieties and pest and disease
control; (iii) the adoption of modern, highly efficient irrigation systems; and (iv) the use of sensor
technology, for example to guide data-driven production.

Component 4 Improve processing, storage, and marketing for higher-value production and extended shelf-
life. This component will increase products’ market value. Specifically, this component will include
the following aspects: (i) building temporary cold storage facilities using renewable energy to
avoid market flooding, (ii) creating cold chain transportation networks, and (iii) establishing
grading and processing facilities for added market value.

Component 5 Enhance information management. Although the vegetable sector is more diverse and less
clearly organized than the date palm sector, information is still key for data-based approaches to
reduce input use, predict pestand disease outbreaks, and reduce yield loss and water evaporation.
Timely and reliable information about production, processing, and marketing is critical because of
the perishable nature of many vegetables. Specifically, this component will involve (i) establishing
a national database for different types of high-value vegetables with relevant and accurate
information about production, processing, and markets; and (ii) developing e-extension and
e-advisory to improve service provision.
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Title

Risks and opportunities

Financing opportunities

Expanding and upgrading protected vegetable production with advanced
technologies and processing and marketing options

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
COVID-19 Medium Medium
Political, regional instability High High

Labor availability Medium Medium
Heat stress High Medium
Pest and diseases High Medium
Water availability Medium High

- COVID-19 and political instability in the region are significant risks that may impact opportunities
for exporting agricultural products. Both threats disrupt land transport of goods to markets,
reduce purchasing power, shrink distribution networks, and stifle labor supplies for actors along
the value chains.

- Increased heat stress days and spells are projected under severe climate change scenarios,
with varying consequences for different vegetable crops. Periods of additional heat stress
minimize the window of time during which fruiting vegetables such as tomatoes can be grown,
and lengthier spells of warm temperatures can dramatically reduce tuber formation and weight,
resulting in lower potato yields. Pests, diseases, and enhanced salinization, as indirect results of
climate change, are perceived as particular risks for irrigated areas where vegetables are grown.
Integrated pest management may alleviate the risk but requires greater effort.

- Given increasing water scarcity in Jordan and emerging new national priorities, water availability
constitutes a risk for agriculture in general and vegetables in particular. With the demand for
more water, pressure to use saline water is growing along with the risk of salinization of the soil.

The Jordan Valley's favorable climate for vegetable production and strong employment potential
constitute a comparative advantage over other countries in the region and are expected to
increase over the coming decades. Advanced technology and value chain integration provide
attractive financing opportunities for the private sector, including for providers of services that
help guide production decisions, marketing, and planning, and increase supply-demand synergy.
Conclusion: Despite this potential, it is unlikely that many investors from outside the farmer
community will invest in small- and medium-scale farmer development. Farmers themselves can
invest but need financing from the government or credit banks. Blended finance might enable
public money to be used to reduce the private sector’s risk.
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Concept note 3: Olives

Upgrading olive production and processing by introducing low-cost, modern
technologies for collection, cold pressing, and pickling, as well as through alternative

waste use.

Overall objective 10% of current conventional olive farmers adopt advanced growing, collecting, processing, and
packaging technologies over 5 years.

Beneficiaries 1000 olive farmers will benefit from one or more components of this package. The environmental
benefits of olive waste processing cover a large number of communities in hot spots.

Region Rainfed areas in northern and central Jordan
CSA Pillars (A,M,P) The project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation
(M).

- A: Olive production supports adaptation because it encourages green water storage through
soil water efficiency, reflected in higher returns.

- P: This investment supports production because it utilizes a value chain approach that increases
production value and farmers’ incomes.

- M: Mitigation is achieved as a co-benefit because alternative energies, e.g., solar power, used in
pressing mills and recycling biosolids and liquid wastes will lower emissions. Olive trees also play
a crucial role in soil carbon storage.

Introduction and strategic context

Background Olive growing is a powerful and vital production system in Jordan's rainfed areas, with some olives
also grown under irrigation. The production of olive fruits and oil exceeds local consumption, but
farmers face difficulties exporting the surplus. The industry remains inefficient, with low resilience
to market fluctuations due to inadequate and alternating tree productivity, the high cost of hand
harvesting, low quality of fruits due to insect and collection damage, quality-reducing hot-water
oil extraction methods, underdeveloped marketing links, and poor disposal of biosolids.

Problem statement and Upgrading olive production and processing systems could make them more economical

justification for farmers and more competitive in the international market. This package would focus on
improving olive growing practices, including supporting farmers with extension, introducing
low-cost and appropriate harvesting technologies, protection against insects and diseases,
and modern technologies for cold pressing and pickling, including using renewable energy to
upgrade olive oil to higher qualities with attractive packaging and effective outreach marketing.
Olive oil extraction mills produce considerable amounts of biosolids and liquid waste, which have
potential economic value but are currently wasted and polluting the environment.

Strategic, institutional, Olive orchards are famous in Jordan, especially in the rainfed north and middle and they are

and policy context expanding to other areas. Olives are a genuinely strategic crop in a water-scarce country. Except
for small areas under irrigation, olives use green water and do not compete with other blue water
resources. Developing this sector contributes to alleviating water scarcity, to employment in rural
areas especially during harvesting and processing, and to the livelihoods of farmers with few other
resources. The olive sector is a climate-smart production system not only through its productivity
and adaptation but also in mitigation. The sector is dominated by farmers and processing
and marketing industries; only the pressing industry is organized in larger associations. The
government provides extension and sometimes protection to stabilize prices. A national strategy
could enhance and maximize benefits from this sector.

Climate impact

Climate modeling Soil moisture stress constitutes a significant hazard in the rainfed AEZ, where key crops such as
olives can experience wilting due to low moisture content levels in the growing season. Previous
studies have reported an increase in drought stress and irrigation water requirements for suitable
olive areas in Jordan. For olives, heat stress during the winter season is not of concern. During the
summer, olives can be exposed to relatively high temperatures, though these conditions do not
seem to lead to any negative impacts. Model results indicate that the crop is moderately suitable
in parts of the rainfed zone, and future projections suggest that it will likely remain ideal in 2030,
though yield reductions may nonetheless be expected in certain areas. Investing in CSA practices
will be necessary to adapt to changes.
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Upgrading olive production and processing by introducing low-cost, modern

technologies for collection, cold pressing, and pickling, as well as through alternative
waste use.

Economic impact Olives are a regionally important crop but were not modeled in IMPACT -- neither as a specific
category nor as a broader category.

Short description of the CSA investment package

Outline This package aims to support 10% of current conventional olive farmers to adopt advanced
growing, collecting, processing, and packaging technologies over 5 years. It targets 1000 olive
farmers in northern and central Jordan rainfed areas. This package would facilitate improved
harvesting through low-cost modern technologies that will enhance quality, reduce harvesting
time, strengthen farmer linkages with othervalue chain actors, and introduce a modern, alternative
cold pressing process for high-quality oil extraction. The project will improve processing quality
and marketing; for export, some treatment of acidity is needed. At the same time, it will reduce
solid and liquid waste in an environmentally friendly way.

Key actors MoA, NARC, olive farmers, and pressing associations and companies

Key components

Component 1 Build capacity for olive farmers through training as well as extension and advisory services. This
component will increase capacity among olive producers. It will involve (i) soil-water-nutrients
conservation, (i) pest and disease control and protection, and (iii) other agricultural practices.

Component 2 Reduce costs and improve product quality through cooperation among small olive producers.
Successful implementation requires the strengthening of farmers and their linkages with other
value chain actors. The creation of farmer groups or cooperatives can reduce production costs,
mitigate risks, and create new markets. However, most small individual olive farmers and some
bigger farms may not currently need cooperatives. Cooperation must happen at the local level
and bring added value, e.g., through packaging and enabling certification, so that farmers join
to improve quality and raise their incomes. This component will strengthen the linkages between
farmers. There is an appetite among producers for cooperation, but significant support is
necessary in the form of resources, capacity building, and technology dissemination. Specifically,
this component will include the following: (i) establishing low-cost means for cooperation
through the shared use of harvesting machines, transport boxes, and mills; (i) defining a role
for the private sector and the government to support cooperative development, which will be
particularly important in rainfed areas where smallholder farming is more prominent.

Component 3 Improve picking and collection through low-cost modern technology and better tools. Labor for
picking and collecting olives during harvesting is one of the major costs of olive production. While
recognizing the importance of employment, there is scope for introducing low-cost technologies
and better tools. This component aims to reduce production costs by reducing harvesting
time while maintaining jobs and product quality. Specifically, this component will involve (i)
the introduction of olive picking machines and hand-held machine shakers for mechanical
harvesting, and (ii) collection and transport in reusable plastic boxes.

Component 4 Facilitate high-quality processing and marketing. At the moment, olive production is primarily
based on local taste. However, high production and import are affecting local markets. The
quality needs to comply with demand from export markets for cold pressed virgin oil. There is
potential for leading Jordanian farmers who are exporting their products and could provide an
example for others. This component will improve the quality of processing and marketing for
both domestic and export markets. Specifically, subcomponents will include the following: (i)
introducing modern cold pressing for high-quality oil extraction; (ii) the use of attractive packing
and marketing; (iii) establishing international quality and flavor guidelines including possible
treatment to control oil acidity; and (iv) reducing solid and liquid waste in an environmentally
friendly way.

Component 5 Improve information management: Good information is also vital for olive production. Farmers
need information about production, pest control, marketing, quality improvement, and even
traceability. It is essential to control temperatures during malaxation of olive fruit paste and oil
extraction and to avoid any delays in pressing the fruits once they have been collected. Information
and oversight are currently lacking; it is not clear where farmers can access technologies such as
cold pressing. This component involves (i) generating reliable and accurate information about
olive production, processing, and markets; and (i) developing mechanisms for easy-access
platforms and awareness raising among farmers and mill owners about practical means of
improving oil quality.
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Upgrading olive production and processing by introducing low-cost, modern
Title technologies for collection, cold pressing, and pickling, as well as through alternative

waste use.

Risks and opportunities

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
COVID-19 Medium Medium
Political, regional instability High Medium
Labor availability Medium Medium
Drought High Medium
Prices collapse Medium High

- COVID-19 and political instability in the region are significant risks that may impact olive export
and olive oil opportunities. Both threats disrupt land transport of goods to market, reduce
purchasing power, shrink distribution networks, and stifle labor supplies for actors along the
value chains. The migration of refugees into Jordan adds additional risk to expanding olive tree
production due to competition for land and water resources and the demand for low-cost food
staples, which can potentially lead to prioritizing caloric needs over nutrition.

- Future climate projections indicate that the numbers of days of drought and soil moisture stress
will increase, causing olive trees to experience wilting that results in higher susceptibility to pests
and diseases and in decreased fruit yield. Changing rainfall patterns and distribution through the
growing season stands out as a risk particular to rainfed areas where olives are produced, as too
much or too little rain will negatively impact fruit growth and yield.

Financing opportunities Jordanian virgin olive oil is of high quality but requires further treatment for export markets;
increased value chain integration and potential export markets could be interesting for private-
sector investment. Olive trees are traditionally grown by many households for olive oil and
pickling; the practice of olive cultivation is firmly engrained in Jordanian culture, providing scope
for strong public support. Conclusion: There are opportunities for private-sector investment
finance, especially for high-quality products for export markets. Blended finance might enable
public money to reduce the private sector’s risk.
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Concept note 4: Barley

Enhancing barley production in rainfed areas and the Badia through rainwater
harvesting and improved management

Title

Summary

Overall objective Doubling barley areas and yields in 5 years with improved land selection, cultural practices, and
rainwater harvesting.

Beneficiaries 1000 barley farmers (about 200 families) and their communities

Region Marginal rainfed areas and the Badia with a mean annual rainfall of 200-300 mm and 100-200
mm, respectively

CSA Pillars (A,M,P) The project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation
(M), namely carbon storage.

- A: This investment supports adaptation through improved water management by means
of runoff strips or ‘Marab’ flood-irrigation practices that retain excess rainfall; and through
enhancing localized deep-infiltration into the soil, ultimately bridging intra-seasonal dry spells.

- P: Production is a key pillar for this investment because it aims to increase crop production and
decrease productivity variation due to rainfall variance.

- M: Mitigation is achieved as a co-benefit due to carbon sequestration through land-use change.
Producing locally reduces transportation and associated gas emission operations.

Introduction and strategic context

Background Jordan imports large quantities of barley grain for animal feed that are heavily subsidized by
the government. Currently, small areas are planted in the rainfed zone with an annual rainfall
greater than 200 mm. However, their yields are low due to the use of old varieties and low-tech
conventional practices. Vast areas of barley are grown annually in the Badia, in the agropastoral
zone, mainly for animal grazing and for establishing land ownership. Grain production in this
zone occurs at low yields and only once every several years.

Further, barley cultivation is usually poorly managed, leading to wind erosion and further
degradation of the Badia ecosystem. Some regions, however, are planted with wheat and other
field crops at the southern edge of the rainfed zone that are more suitable for barley production.
Appropriate and more fertile lands in the Badia can be supported by one or more types of
rainwater harvesting, e.g., Marab catchments, runoff strips, and small reservoirs for supplemental

irrigation.
Problem statement and Jordan subsidizes imported barley for animal feed that could be produced domestically with
justification benefits like enhanced food security, increased rural economic opportunities, and improved

ecosystem management. Horizontal and vertical increases in barley production within the rainfall
zone receiving 100-300 mm can be achieved along the southern edge of the rainfed AEZ and
favorable Badia lands using “micro-water harvesting” and “Marab"” catchment methods and
other rainwater harvesting techniques.

Strategic, institutional, Small ruminants are essential to Jordanians' food security and livelihoods. Substantial political

and policy context and financial support is provided to herders through barley subsidies. Positive developments in
the barley sector may, therefore, result in negative consequences such as ecosystem degradation
due to overgrazing by increased numbers of livestock. Hence, it is a significant strategic priority to
produce more barley locally and to organize populations of concentrated small ruminants reared
in the Badia. Policies subsidizing local production and financing water harvesting are essential to
implement CSA by enhancing barley production.
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Enhancing barley production in rainfed areas and the Badia through rainwater
harvesting and improved management

Title

Climate impact

Climate modeling Currently and under future scenarios, supra-optimal temperatures are a hazard throughout
the rainfed area for field crops such as barley. These heat stress days are typically concentrated
towards spring when grain filling and maturity occur. Results also indicate relatively lengthy
heat spells that are projected to increase. Warming and/or drought stress can severely impact
agricultural production. A recent study projected barley yield reductions in the range 25-50% by
2050 for Jordan, depending on the climate scenario used. Without adaptation, these projected
changes and impacts are likely to reduce feed availability for livestock, leading to significant
effects on Jordan's agricultural livelihoods. Despite precipitation reductions, the suitable area for
barley is projected to marginally increase. These increases are, however, concentrated toward
the west of the rainfed zone. In the east of the rainfed AEZ and in the rangelands, suitable areas
remain either marginally or moderately appropriate given the scarcity of rainfall water and the
hot temperatures.

Economic impact Barley was modeled in IMPACT as a specific category. Within IMPACT and following a business-
as-usual scenario (SSP2), the area planted with barley will slightly decrease, but yield per hectare
is expected to increase under climate change in 2050 due to technological and socioeconomic
developments. Barley is expected to experience a trend towards importation by 2050, higher
under moderate and severe climate change scenarios.

Short description of the CSA investment package

Outline This package aims to double the area under barley cultivation and barley yields through
improved land selection and cultural practices. It also seeks to implement rainwater harvesting
in 5 years. It targets 1000 barley farmers, about 200 families, and their communities in rainfed
areas of western Jordan and in the western Badia. The program consists of rainwater harvesting
and the introduction of highly productive and drought-tolerant barley varieties, a risk-reducing
combination, as well as integrated cultivation packages.

Key actors MOA, NARC, CGIAR, Jordanian Hashemite Fund for Human Development

Key components

Component 1 Promote barley cultivation through the identification of suitable land and supporting practices
including rainwater harvesting. Horizontal and vertical increases in barley production within
the rainfall zone receiving below 300 mm annually, including in favorable Badia lands like the
"Marab," can be utilized and enhanced for barley production. This component involves (i)
selecting suitable areas for barley production in the Badia and along the lower edge of the rainfed
zone; (i) supporting appropriate and more fertile lands in the Badia through one or more types
of rainwater harvesting, such as Marabs, runoff strips, and small reservoirs for supplemental
irrigation.

Component 2 Introduce improved varieties, integrated input packages, and mechanization. Many small-
and medium-scale farmers producing barley have limited capacity to purchase inputs and to
implement improved barley cultivation practices. This component intends to address these
challenges through (i) improving access to drought-tolerant barley varieties, especially mixtures
to reduce risk; and (ii) applying integrated input packages with appropriate mechanization.

Component 3 Redefine subsidies through policy engagement. Substantial political and financial support is
provided to herders through barley subsidies. A positive effect on the barley sector can have
negative consequences when increasing livestock numbers result in overgrazing and further
degradation of the Badia. Thus, it is a significant strategic priority to produce more barley locally
and to organize farmers raising small ruminants in a concentrated manner in the Badia. Supportive
policies linking policies to outputs instead of inputs are essential to enhancing the climate-smart
potential of barley production. This component entails the development of alternative subsidy
models in consultation with the barley sector and relevant ministries.
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Enhancing barley production in rainfed areas and the Badia through rainwater

== harvesting and improved management

Risks and opportunities

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
Open grazing and trespassing Medium Low
Prolonged drought Medium High
Heat stress Medium Medium
Sub5|d|§s that discourage Medium Medium
production

- Increased temperatures, coupled with a reduction in rainfall, are expected to decrease barley
production and reduce the water and pastureland available for livestock. The direct physiological
effects of heat stress on livestock create uncertainty in the market for feedstock supply, further
exacerbating challenges to the barley sector’s development. Changing rainfall patterns stand out
as a risk for rainfed areas where barley is grown, as too much or too little water can negatively
impact grain growth.

- In the absence of institutions that can control open grazing, barley cultivation may be subject to
trespassing and heavy losses in both dry matter and yield.

- Considerable goverment subsidies for barley, if continued, would discourage farmers from
investing in cultivation. If the government does not put alternative policies forward, this entails a
risk for the barley sector.

Financing opportunities JBarley production for livestock feed is mainly undertaken for relatively poor livestock owners to
overcome feed shortages. Financing for barley is necessary if improved technologies such as new
varieties, optimized fertilizer management, and water harvesting structures are introduced. Public
support may be necessary because growing barley locally will reduce imports and hence also
subsidies that may formerly have been directed toward growers. Conclusion: Barley production
has potential in marginal rainfall areas, especially with the implementation of rainwater harvesting
and improved land allocation, varieties, and cultural practices. Policies to support production
by reducing price subsidies for imported barley may be required but could be unpopular. Still,
current subsidies can be redirected toward local production.
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Concept note 5: Small Ruminants

Enhanced small ruminant production through concentrated ( Intensive ) farming
systems and dairy chain development.

Title

Summary

Overall objective Building and running 3 collective Awasi sheep pilot community farms in north, middle, and south
Badia that adopt modern feed and fattening, milk processing, and marketing technologies.

Beneficiaries 3 major communities with 900 farmer families (total population of about 6000), with potential
indirect benefits through out-scaling to other agropastoral communities

Region Agropastoral areas, the Badia
CSA Pillars (A,M,P) The project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation
(M.

- A: Small ruminant development supports adaptation because local feed supplement systems
can partially utilize food waste like vegetable waste, while the selection and development of
higher-producing breeds together increase economic and water-efficiency benefits per head.

- P: Production is a crucial pillar of this investment because local communities gain employment
and higher incomes through increased productivity and market value.

- M: Mitigation is achieved as a co-benefit because the reduction of overgrazing aids in the
revegetation of rangelands with increased carbon sequestration. Further, decentralization and
renewable energy for cooling and storing milk products will reduce energy use and transport.
Finally, offsetting dairy cattle milk with sheep or goat milk would reduce the amounts of methane
gases contributed by animal production.

Introduction and strategic context

Background Small ruminants such as Awasi sheep and Baladi goats mainly rely on open grazing with
supplemental feed. Open grazing is usually practiced in agropastoral areas like the Badia, and
animals rotate through other agroecosystems to graze on residues of mainly wheat, barley, and
vegetable farming. This approach with many animals usually results in overgrazing, causing land
degradation of the rangelands of Jordan. Besides, sheep and goats must travel long distances
searching for feed, reducing their productivity output and minimizing farmers' marginal benefits.
Adopting on-farm fattening practices and local milk processing would increase efficiency and
incomes and reduce overgrazing and degradation of Badia rangelands.

Problem statement and The resilient local Awasi sheep is desired for quality and taste and enjoys international demand,

justification but lacks high-productivity traits. Advancing the Awasi breed by selection and crossbreeding
would improve the industry, but would also require an advanced breeding center specializing
in this ruminant. The management of Awasi sheep, however, mainly fed for maximum milk
production and fattened by grazing, can already be substantially improved through concentrated
intensive farms with careful nutrition and health care, and this option seems more feasible. Small
ruminants are used mainly for meat and milk, although other parts of the animal like its wool
and skin can also be utilized. Increasing by-product processing and marketing can substantially
increase the economic return per animal and reduce the negative impacts of uncontrolled
waste disposal. Additionally, most of the milk produced in the Badia is transported to cities for
processing, cutting herders out of value-added profits. Decentralizing dairy production to the
community level would increase rural incomes and reduce costs associated with cold storage and
transportation.

Strategic, institutional, Sheep products are integral to the Jordanian diet and to the country’s food security. Compared

and policy context to cattle, sheep meat and milk are more acceptable to the Jordanian population and are more
climate-friendly with lower production of gases and higher economic water productivity. Badia
communities depend primarily on sheep rearing, which therefore takes on notable political and
social importance. Such a vital link between people and their ecosystem helps slow migration to
urban areas. Tribal institutional power is strong among local Badia communities, which also helps
solve problems associated with development and conflicts. The well-known “Hima" grazing
system by which tribes organize grazing based on seasonal rainfall and land carrying capacity was
successful in the past and is an excellent example of the role tribal institutions play in managing
Badia resources.
The dairy processing industry in Jordan is relatively well-developed. Itis an important industry but
depends heavily on cattle milk. The sector requires expansion of sheep milk, as well as organization
to support more farmers and long-term productivity. Decentralizing dairy production and
processing facilities would also reduce migration to urban areas and provide income and stability
in rural zones.
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Enhanced small ruminant production through concentrated ( Intensive ) farming

== systems and dairy chain development.

Climate impact

Climate modeling Future climate projections indicate that rangelands will generally become drier, with an average
of 2-10 more moisture-stress days in winter. Winters, meanwhile, are projected to become hotter
in the future. Heat stress can become a problem when temperatures may exceed 400C the
summer. Such temperatures can hinder livestock productivity and also affect human labor. These
stresses put the livestock sector at risk in terms of available grazing area and fodder. Currently,
the livestock sector is experiencing a shortage of feeds, and climate change is likely to exacerbate
this situation.

Economic impact IMPACT does not currently include a dynamic livestock model, and model results thus serve as
an indication of possible changes in the production of meat rather than demonstrating a precise
response to climate change on the basis of animal models. Sheep were modeled in the IMPACT
model as part of a broader category of small ruminants; dairy was modeled as part of a broader
category under animal numbers and yield. The impact of climate change on livestock production
appears to be relatively small. Lamb and dairy tend toward importation by 2050, under all
scenarios. However, climate change increases the trend very slightly for lamb and reduces the
trend slightly for dairy.

Short description of the CSA investment package

Outline This package will establish, with collective community management, three Awasi sheep pilot
community farms in the north, middle, and south Badia. The three communities will see over
6000 people adopt modern feed and fattening, milk processing, and marketing technologies,
with potential indirect benefits through out-scaling to other agropastoral communities. This
package entails investment in training and advisory for the production and processing of sheep,
development of small ruminant cooperative groups based on traditional community structures,
and strengthened dairy processing and marketing. Value-added facilities would include
by-product processing at local and community levels, including product diversification and
marketing, and improved cold storage using renewable energy.

Key actors MOA, NARC, local communities, and pioneer farmers

Key components

Component 1 Provide training and advisory about production, processing, and marketing for small ruminant
keepers. This component will help build capacity among farmers, including women, in various
aspects relevant to concentrated intensive and semi-intensive farming systems, including
(i) fattening through balanced feed and nutrition; (ii) improvement of Awasi sheep through
breeding, selection, and herd management; (iii) livestock husbandry and health; (iv) processing
of by-products; and (v) processing and marketing of milk products.

Component 2 Develop appropriate local structures or cooperative groups based on traditional community
structures. Farmer households in the Badia regularly move around based on the availability of
livestock feed. Hence it is essential to work with people and their leaders in that area by using
participatory approaches; trust plays a key role, and traditional social and community structures
need to be considered. Technical activities such as concentrated farming systems may require
lifestyle changes and learning from experiences. Women's roles deserved specific attention;
women play a crucial part in small ruminant husbandry and in dairy production and processing
and need to be involved in the transformation process. This component will try to build on local
cultural values through (i) assessing local community structures and farming systems while
exploring options to build on and enhance concentrated farming systems and product processing;
and (i) partnering with external organizations to help scale local cooperatives, especially when it
comes to processing by-products and milk products.

Component 3 Improve small ruminant production. This component supports local livestock keepers through the
introduction of various technologies for whole-animal production. Specifically, subcomponents
will include the following: (i) modern sheep farm fattening and balanced feed processing and
production; (i) introducing breeding and selection programs and herd management techniques
to improve Awasi sheep; (iii) developing facilities for whole-animal production; and (iv) enhancing
techniques and technology that increase animal comfort during milking to increase the quantity
and quality of milk.

Component 4 Improve the efficiency of the dairy production chain. This component will strengthen dairy
processing and marketing. Specifically, subcomponents will involve the following: (i) greater
efficiency of the dairy production chain through collective cold storage, processing, and transport
using renewable energy, as well as product diversification and marketing; (ii) improved processing
technology and management to reduce losses during milk processing, including temperature
testing, milk fat separators, and larger cookers; (jii) the provision of technologies for higher-
quality production, product standardization, food safety, and local value capture; (iv) branding as
well as geographic indications (Gl), product diversification, and access to markets; and (v) quality
certification and standardization schemes.

PAGE 155



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

Enhanced small ruminant production through concentrated ( Intensive ) farming

= systems and dairy chain development.

Risks and opportunities

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
COVID-19 Medium Low
Migration Low Low
Conflicts Medium Medium
Heat stress during summer Low Low

- COVID-19 and political instability in the region are significant risks that may impact the import
of feed and the export of animals and products. Both threats disrupt the transport of goods to
market, reduce purchasing power, shrink distribution networks, and stifle labor supplies for actors
along the value chains. The migration of refugees into Jordan adds additional risk to converting
open grazing to concentrated farming by heightening the demand for low-cost food staples.

- Future climate projections indicate higher temperatures especially in the Badia, where maximum
daytime heat may affect sheep health.

- People in the Badia are attached to their traditions, and changing from open grazing to
concentrated farming may be an issue especially if no incentives are provided. Furthermore,
conflicts between sheep owners about grazing or about changing norms, in the absence of
proper institutions to resolve them, may affect agricultural development.

Financing opportunities Private-sector involvement in the initial stages is expected to be limited, at least until market
linkages are established. This investment will require public funding to support pastoralist
households in the driest area of Jordan. Feed subsidies and other government support for the
Badia communities can play a role in establishing pilot farms. Conclusion: Subsidies and other
government support need to be considered at the initial stage, but could possibly be combined
with blended finance when market linkages have been established.
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Concept note 6: Badia Restoration

Badia restoration with micro-catchment water harvesting and improved grazing

Ticle management

Summary

Overall objective Restoring 5000 hectares in 5 years with shrubs and grasses using micro-catchment water
harvesting.

Beneficiaries About 250 landowners

Region Agropastoral areas, the Badia

CSA Pillars (A,M,P) This project supports mainly adaptation (A) and production (P), with a co-benefit for mitigation
(M.

- A: Badia restoration supports adaptation goals because landscapes inhabited by local and
native rangeland species are better adapted to extreme climate variance, they provide micro-
ecosystems with benefits for soil health and moisture, and they enable more effective use of
scarce water sources.

- P: Production is a vital pillar of this investment because better ecosystem management will yield
more sustainable livestock feed cultivation.

- M: Mitigation is a co-benefit because the Badia will achieve more carbon sequestration through
new shrubs and grasses; this will also reduce energy use by current unsustainable cultivation
practices in the Badia.

Introduction and strategic context

Background Open grazing, coupled with other anthropogenic and climate change-related implications,
has caused severe degradation and loss of vegetative cover in the Badia. The traditional 'Hima'
grazing system worked well under tribal institutions in the past, but nowadays may not support
modern production and consumption practices. Conventional restoration through fencing and
protecting relatively small areas and through direct seeding approaches has resulted in limited
success. Severely degraded ecosystems may not revegetate until soil-water can support plant
growth, and animal grazing is a constraint to the actual carrying capacity of the rangeland.

Problem statement and Research has shown that a progressive and integrated restoration program for the degraded

justification Badia using micro-catchment water harvesting and improved native shrubs and grasses,
together with appropriate grazing management, can advance restoration faster. In-situ water
harvesting allows runoff water to infiltrate and be stored in the soil profile instead of being lost in
evaporation or salt sinks. This practice is now mechanized and can expand at low cost in the Badia;
it would support shrubs and grasses and halt erosion and land degradation.

Strategic, institutional, The current policies of open grazing and barley subsidies allowed sheep populations to increase

and policy context beyond the rangelands’ carrying capacity and have resulted in the continuing degradation of
the Badia ecosystem. New, strategic thinking should be adopted to aggressively restore and
maintain the ecosystem because it occupies over 75% of Jordan. New policies and institutional
setup that can replace or adapt the Hima system to modern times can control grazing and allow
restoration efforts to succeed; land ownership, both private and public, needs to be aligned with
this objective.

Climate impact

Climate modeling Jordan's rangelands are the driest and hottest areas of the country. In the rangelands, rainfall is
hardly enough to grow crops, and livelihoods are primarily supported by livestock production.
The wet winter season yields marginal rain, on average 25 mm or less of rain per month and many
moisture stress days. Conversely, the summer is dry, with no precipitation and many days with
temperatures above 37°C (a threshold chosen to indicate discomfort from heat among livestock
and humans). Future climate projections suggest that the rangelands will become generally drier
and hotter.

Economic impact N/A

PAGE 157



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

Badia restoration with micro-catchment water harvesting and improved grazing

Title management

Short description of the CSA investment package

Outline This package involves providing micro-catchment (Vallerani) water harvesting units to construct
bunds and contour ridges at a large scale, and establishing nurseries to produce millions of
seedlings of native shrubs in collaboration with local communities. The project also endeavors
to change grazing management of restored areas from open to controlled, to train local
communities and restoration staff in producing seedlings and package implementation, and to
inaugurate an M&E program to assess the impact of restoration on ecosystem services.

Key actors MoA, Ministry of Water and Irrigation, NARC, CGIAR, local communities, and NGOs in the Badia

Key components

Component 1 Select project land, organize communities, and contract with owners and the government
for project implementation. Badia restoration is a complex, long-term process, with a strong
focus on the environment and restoration of ecosystem services, including the production of
livestock feed. The involvement of different actors will enable broad endorsement and support.
This component will establish relations between the government, local communities, and other
partners, and focuses on the critical elements of the start-up phase, including (i) a careful
selection of suitable sites based on biophysical and social characteristics; (i) establishment of a
management structure with strong involvement of local communities; and (jii) contracting with
landowners and the government for project implementation.

Component 2 Train local communities and workforces involved in implementing the restoration package.
Communities in the Badia have a strong internal and social bond; hence, building people's
capacity within local communities themselves can play a key role in sustainable management.
Involvement from the private sector may be necessary. This component will increase the capacity
of farmers and project staff. Specifically, it will include training in (i) micro-catchment water
harvesting and the construction of bunds and contour ridges at a large scale; (ii) nurseries for
seedlings of indigenous shrubs; and (iii) sustainable grazing management.

Component 3 Restore selected sites through rainwater harvesting, re-seeding, and sustainable grazing
management. This component will restore sites chosen through a combination of technologies
and practices for sustainable management. Subcomponents include the following: (i) providing
Vallerani micro-catchment water harvesting units with laser guiding systems to construct bunds
and contour ridges at a large scale; (ii) building nurseries to produce millions of seedlings of
native shrubs; and (iii) developing and implementing a controlled grazing management program
for restored areas with community institutions.

Component 4 Implement a M&E program, including applied research activities for the first 5 years. Badia
restoration can significantly impact ecosystem services and could be scaled out to other areas
when successful. While there has been previous success with Badia restoration, scaling it out
would require a more robust evidence base. This component aims to do the following: (i) set
up a rigorous M&E program that uses remote sensing to assess the impact of restoration on
ecosystem services; and (i) apply research on the effects of specific technologies and how these
can be further improved.
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Title management

Risks and opportunities

Risks refer to developments that affect outcomes but are difficult to control within the project or
program context. The main risks for this project are as follows:

Risk Probability Severity
?uI;;I;?tf public and govermental Mediurm High
Social and cultural resistance Medium High
Conflicts about grazing High High
Erosion Medium Medium
Prolonged drought Medium Medium

- This investment will require different partners’ involvement, including broad public and political
support. Public support is essential to pay for the establishment of restored areas and for
institutional setup for grazing management.

- Badia restoration will necessitate initial protection of grazing areas, which may cause conflicts
due to traditionally held values such as open access to grazing.

- During the evaluation of investments, erosion caused by poor land management and
exacerbated by climate change was perceived as a particular risk for agropastoral areas.

- Climate change predictions indicate intensified extreme events including drought. Prolonged
droughts will affect the survival and growth of shrubs and grasses, constituting a risk for Badia
restoration.

Financing opportunities While the project is not directly interesting from a private investment point of view and will
mainly depend on public funding, there is potential for financing through the carbon-credit
market. Conclusion: It was noted that no commercial bank or finance institution will invest
in agricultural production in the Badia. For this reason — in addition to the private sector's
reluctance to get involved and the significant public benefits of restoring the region - the role of
multilateral and bilateral development organizations will need to be substantial.

PAGE 159



JORDAN CLIMATE SMART AGRICULTURE ACTION PLAN

Annex F: Projects, studies and
initiatives in Jordan relevant to
investment packages

CSA Package Title (year) Short description
Date Palm, 2016 The Value Chain Analysis (VCA) offers an in-depth overview of Jordan's
Vegetables and Export Value Chain fruit and vegetable sector. It describes the structure, actors and their
Olive Analysis for Fruits position in the value chain. It aims to prepare a business case (a
and Vegetables in detailed programme plan description of Netherlands Enterprise Agency
Jordan (NEA) service delivery) with interventions to strengthen Jordan's fruit

and vegetable sector, taking into account the entire chain with eye for
exports to the EU/EFTA markets.

Date Palm 2019 The study aims to determine the pre-feasibility of establishing
Pre-Feasibility (Medjool) palm trees project due to the increase in these dates'
Study Medjool consumption rates and the increased opportunities for its production
Palm Cultivation in the kingdom. The project is to cultivate (Medjool) palm trees in the
Project in the Balga Jordan Valley area of the Balga governorate located along the banks
governorate of the Jordan River, which is mostly part of the Jordanian lands and

extends to the Palestinian territories on the other side.

Vegetables 2014 The project is implemented under the ILO framework to respond to
Value chain analysis  the Syrian refugee crisis. The component named 'Enhancing access
of tomato sector in to employment opportunities and livelihoods in host communities,

Mafraq governorate  was in turn implemented under the framework of the UNDP project
'Mitigating the impact of the Syrian refugee crisis on Jordanian
vulnerable host communities. The project has four interventions areas:
1. Value chain development in selected sectors in Irbid and Mafraq, 2.
Business enabling environment improvement, including addressing
labor market challenges, 3. Developing effective employment services
and improving employability, 4. Local capacity building to support
business start-up and expansion

Vegetables 2017 The project aims to cultivate and produce dry tomatoes of varieties
Pre-Feasibility suitable for drying and packing in vacuumed bags for the local market
Study to Cultivate and exports to the European, the Gulf, the Russian Federation and the
and Produce Dried Balkan countries.
Tomatoes

Vegetables 2018 The project aims to improve exports in terms of quantity and quality.

Tomato Fresh Fruit & The aim is to contribute towards the further upgrading of the value

Vegetables of Jordan  chain by supporting the introduction of new technologies and
introducing new and higher-value-added crops, and penetrating
higher-end consumer markets. In addition to looking for opportunities
to reduce risk and water consumption. The objectives of this project are
to have 25 producers increase their efficiency in the production and 25
producers to increase their export turnover with higher-end products to
new markets.

Vegetables 2017 The main goal was to investigate and implement different hydroponic
Hydroponic Hydroponic Green farming systems in Jordan to increase water efficiency, profitability, and
Farming Initiative: advanced livelihoods by use of hydroponic cultivation methods.
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CSA Package Title (year)

Vegetables Hydroponic 2019
Environmental
and Social Impact
Assessment (ESIA
Final Report) for the
Hydroponics Farm in
Tannur-Wadi.

Vegetables Hydroponic 2015
Hydroponic Green
Farming Initiative
Program (HGFI)

Olive 2015
USAID Jordan Local
Enterprise Support
Project (LENS)

Olive 2017
Market system
assessment of the
olive oil value chain
in Irbid & Mafrag
governorates

Olive 2019
Competitiveness of
olive crop in Jordan

Barley 2005
On-Farm Evaluation
of Improved
Barley Production
Technology Packages
in Jordan - part of
Mashreq project

Barley 2018
The Impact of
Governmental
Price Policy on the
Economic Returns
of the Barley Crop
Farmers in Jordan

Barley 2003

& small ruminants From Formal to
Participatory Plant
Breeding: Improving
Barley Production in
the Rainfed Areas of
Jordan

Short description

The main goal was to investigate and implement different hydroponic
farming systems in Jordan to increase water efficiency, profitability, and
advanced livelihoods by use of hydroponic cultivation methods.

The program aims to investigate and implement the different
hydroponic farming systems in Jordan to increase water efficiency,
increase profitability, and advance livelihood. The program explores and
studies the integration of renewable energy from PV solar systems to
the large, commercial and small, rural household farms for increased
efficiency.

The project activity aims at improving the productivity and quality of
olive production in target governorates

This rapid assessment was done using semi-structured interviews
focused on understanding the olive market chain, relationships
between market actors, power structures, and inequities or imbalances.
It relied heavily on the value chain assessment and market strategy
completed by ILO. Other sources on the econometrics of oil production
were also reviewed, as their analysis utilized larger samples than it was
possible to gather during this assessment. Secondary data was also
influential in guiding interview questions, allowing for more profound
follow-up and minimizing new data gathered.

The aim was to assess the competitiveness of the olive crop in Jordan
through the identification of economic and social characteristics of
the farmers and their families and to study the enterprise budget

of the olive crop in six governorates (Amman, Balqa, Irbid, Jerash,
Mafraqg, Madaba), and to identify the strengths and weaknesses of the
olive sector on the one hand, and to identify the opportunities and
challenges facing this sector from the other hand.

The Mashreq Project's aimed to increase barley production, in order to
support the increasing livestock population and reduce the high grazing
pressure on the already degraded rangelands.

The objective of the study was to analyze the impact of governmental
price policy on barley production in
Amman governarate, Jordan.

The project aimed at “Improving the welfare of small resource-poor
farmers by increasing and stabilizing barley and animal production in
rainfed areas” and had five specific

objectives:

1. Promote participatory plant breeding and assess the potential to
institutionalize the approach in the barley breeding program in Jordan;
2. Improved barley varieties that fulfill the needs of poor farmers in the
rainfed environments of Jordan;

3. Enhanced rate of adoption of new varieties through farmers’
participation in selection and testing;

4. Identification of differences between selection criteria used by men
and women farmers and by breeders, and

5. Disseminate experimental results through publications, scientific
articles, visits of breeders from neighboring countries and traveling
workshops.
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CSA Package

Barley, water harvesting
& small ruminants

Badia restoration & small
ruminants

Barley, water harvesting
& small ruminants

Badia restoration & small
ruminants

Badia restoration & small
ruminants

Badia restoration

Title (year)

2012

National Programme
for Rangeland
Rehabilitation and
Development - The
National Programme
for Rangeland
Rehabilitation and
Development

2010

Badia Ecosystem
Restoration Program
Community

Action Plan of

Badia Ecosystem
Restoration Program

2014

Increasing the
resilience of poor
and vulnerable
communities to
climate change
impacts in

Jordan through
Implementing
Innovative projects in
water and agriculture
in support of
adaptation to climate
change

201

Restoring Range
Lands for Improved
Livelihoods in the
Badia of the Zarga
River Basin

2016
Technology Needs
Assessment Project

2012

The Badia Ecosystem
and Livelihoods
Project

Short description

The project aimed at arresting and reverting the continued decline in
Jordanian rangeland resources linked in particular to sharp increase in
livestock numbers. The overall goal was to reestablish the productive
capacity of rangeland resources in order to realize their significant
environmental, social, cultural and economic contribution for present
and future generations. The project introduced sustainable community
driven resource management practices and supports the establishment
of a functional Directorate of Rangeland Management in the Ministry of
Agriculture. It included capacity building in generating the information
and knowledge needed to develop strategies and policies for the
sustainable improvement and use of the rangeland resources. At

the local level, participatory rangeland restoration and management
activities were implemented in five pilot areas in North-East and South
Badia.

The main goal of BRP is to rehabilitate the ecological productivity of the
Badia ecosystems for wildlife and sustainable grazing by restoring the
vegetation composition, structure and sustainability to allow wildlife
populations to rebuild and provide a foundation for sustainable grazing
practices across the entire Badia region. Even though the program

is managed by the Ministry of environment, it is an integral part of

the national development efforts to promote agricultural growth,
improve the Bedouin population’s livelihoods, and reduce poverty with
sustainable pastoral development agropastoral production systems.

The overall objective of the proposed programme is to adapt the
agricultural sector in Jordan to climate change induced water shortages
and stresses on food security through piloting

innovative technology transfer, policy support linked to community
livelihoods and resilience.

The project objective is to contribute to reversing land degradation in
the traditional drylands in the country. This project was implemented
with the Jordan Badia Restoration Program (BRP), and National Center
for Research and Development (NCRD)

This is to fill the technology gap and complement the integrated
approach that Jordan adopt to addresses climate change impacts.

The project aims to restore the Badia services through a dual approach
of sustainable rangeland rehabilitation on the one hand and the
promotion of alternative income-generating activities, such as eco-
tourism, to selected communities in three poverty pockets in the
Jordan Badia, namely Ar Ruwaished (Northern Badia), and Al Jafr and Al
Husseinieh (Southern Badia)



Annex G: Cost-Benefit Analysis
methodology

Financial profitability at the farm level

We employed a cost-benefit analysis (CBA) to assess the financial profitability of different CSA
packages at a farm-level. CBA is widely used to value and compare all the costs and benefits of CSA
interventions, from which to guide decision on whether or not an investment should be implemented
given a limited resource. 38 22240 At a farm-level, an ex-post CBA was used because these CSA
interventions have already been experimented and/or implemented by several farmers (and/or
areas). We used the two most common indicators in CBA, Net Present Value (NPV) and Internal Rate
of Return (IRR) to estimate the incremental net profitability of the commodity produced under CSA

and under the conventional farming.

The net benefit of commodity produced under climate smart agriculture cse and conventional
farming ¢f discounted at present value over a period of time T and a discount rate , presented in
NPV and IRR is calculated as follows:

T 1 J J
npvs =3 LS avpe - Sac
o (+r) | F =

IRR = NPV =0,

where Pj is the price of commodity j at time ., AY;M_Cf is the difference in yield of commodity j
produced under g5 and ¢f attimes, and AY;S"‘Lf is the difference in production costs of commaodity j
produced under csg and ¢f attime,.TheIRR is the discount rate at which NPV is equal to 0. If the
difference in production costs of commodity ; between esa and cf at period 1is negative or equal
to 0, ACﬁa_q <0, , this means that the CSA intervention does not require additional investment cost
compared to conventional farming and thus the IRR is not obtainable because NPV is always positive.

A positive value of NPV and IRR indicates positive net incremental benefit hence the CSA intervention
is profitable. The higher the NPV and the IRR are, the higher profitability the CSA intervention brings.
Payback period (PP) is calculated to estimate the number of years the investment reaches break-even
point.

Due to COVID19 pandemic, we faced some restrictions in data collection for CBA. For conventional
scenario, we collected data via interviews with farmers and experts; for CSA scenario, we interviewed
experts in each commodity sector for data collection. We then compared our data with different
sources of literature including project reports and journal articles for validation.

Table G.1 provides a summary of conventional farming and CSA practice at farm-scale level, as well as
the expected impact on revenue and production costs.
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Table G.1 Summary of conventional farming scenario, CSA practice and the associated impact

CSA package

Conventional farming

(CPH

Date palms Open-field vegetables
(squash)*

Vegetables Open-field and old tunnel
vegetables (tomatoes and
squash)*

Olive Rainfed olive production

Barley Rainfed barley with old low
productivity variety

Small Open-grazing

ruminants

Badia Severely degraded

restoration landscape

*'Squash’ and ‘squash and tomatoes’ were selected as representative for a larger set of vegetables

** landscape level

CSA practice at farm-level

Date palm, using modern irrigation
and improved cultural practices

Greenhouse vegetables and
hydroponics, combined with
precision farming

Rainfed olive with micro-water
harvesting combined with modern
technologies for harvesting

Rainfed barley with micro-water
harvesting and improved varieties

Concentrated farming: on-
farm fattening; production and
processing by-products

Restoration with shrubs and
grasses and macro-water
harvesting**

Expected impact of CSA compared
to CF

- Increased profitability as date palm is
more profitable crop

- Higher initial investment cost for date
palm

- Increased profitability due to
increased yield and price of outputs

- Less inputs (fertilizer, water, pesticide)
are required

- Higher initial investment cost due to
greenhouse/hydroponic establishment

- Increased yield and price of outputs
- Reduced labor cost for harvest

- Higher initial investment cost due to
harvesting technologies

- Increased yield

- Slightly higher investment cost for
setting up water harvesting

- Increased revenue due to higher
quantity and quality of meat and by-
products

- Higher feeding cost

- Higher initial investment cost for
fencing, processing and storage

- Increased quantity of forages
- Reduced soil erosion
- High investment cost

Adoption rate prediction and profitability at the aggregated, large-scale level

PAGE 164

Prediction of adoption rate

We used the Adoption and Diffusion Outcome Prediction Tool (ADOPT) to predict the adoption
rate for the targeted beneficiaries. ADOPT is an online Tool that has been developed to predict the

probability of adoption and diffusion of an agricultural innovation for a specific target population241.

The Tool consists of twenty-two qualitative questions dividing into four different categories, including:

(i) Relative advantage of the population, referring to whether the advantage that the population

could gain from the innovation is sufficient to encourage them to adopt it;

(i) Learnability characteristics of the innovation, referring to the characteristics of the innovation

(e.g. easy or complex) that determine a group’s ability to learn about it;

(i) Learnability of population, referring to the ability to learn the innovation of the targeted

population;

(iv) Relative advantage of the innovation, referring to whether the innovation is better than the

existing technology.



Because ADOPT tool relies on knowledge from experts to predict the adoption of innovation, we sent
ADOPT questions to relevant experts for each package. The answers from experts for each package
were then systematized and incorporated into the online ADOPT tool for analysis. The ADOPT tool
generates results of adoption rate per year for each package until the year that the adoption rate
reaches maximum. The ADOPT results were used to estimate the aggregated economic profitability
of CSA packages. Details are illustrated in the following section.

Aggregated economic profitability
The aggregated economic profitability refers to the large-scale economic impact of each CSA package.

The aggregated net present value of economic profitability of a CSA package for commodity given
a particular targeted beneficiaries @, , denoted NPV** s calculated by the subtraction of the
large-scale investment at time  , denoted Iﬁ for targeted beneficiaries of commodity j and the
product of farm-level net incremental benefit of commodity j attime ¢ produced under CSA and
conventional farming which is described in equation (1), the adoption rate at time ¢ , KJ., and the
targeted beneficiaries Q,- . The aggregated NPV of a CSA package can be written as follows:

T

a 1 L 58—} L cSa—C|
NPI/}&? = m I, _(ijr'A}Tfr ! _ZAer f)"Kjl'Qj (2)
1 = =

The data on large-scale investment was collected via focus group discussion with experts. For each
commodity, three to five relevant experts were invited to participate in the (on-line) group discussions.
The invited experts come from private sectors such as companies, and public sectors such as ministry
of agriculture, and farmers' association etc.

Table G.2 summarizes all components for large-scale investment and targeted beneficiaries of each
CSA package.

Table G.2 Components for large-scale investments and targeted beneficiaries of CSA packages

. ; Expected impact of CSA
CSA package Conventional farming (CF) compared to CF
Date palms - Total 4 weeks training (during project timeframe) for targeted - 500 farmers
beneficiaries on date palm cultivation: soil-water nutrients
conservation, pest and diseases protection, proper harvesting and
other cultural practices
- Investing in post-harvest facilities

- 800 new hectares

Vegetables - Total 4 weeks training (during project timeframe) for targeted - 500 open-field vegetables farmers
beneficiaries on how to set up/use greenhouse facilities effectively,
precision farming, pest control )
- Investing on vegetables post-harvest (grading and sorting) and - 40 open-field vegetables farmers
storage facilities (cooling units) (for hydroponics)

- 200 conventional low tunnel farmers

Olive - Investing on 2 phase decanter olive mills with solar energy system | - 1000 farmers
and maintenance
- Total 4 weeks training (during project timeframe) for targeted
beneficiaries on soil-water nutrients conservation, pest and
diseases protection, other agricultural practices
- Support farmers on Global GAP certificate registration

Barley - Total 4 weeks training (during project timeframe) for targeted - 1000 farmers
beneficiaries on water harvesting and precision farming
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. . Expected impact of CSA
CSA package Conventional farming (CF) compared to CF
Small - Total 4 weeks training (during project timeframe) for targeted - 3 communities, 6000 people (900
ruminants beneficiaries on fattening through balanced feed/nutrition, farmers)
production and processing of by-products

Badia - Establishing and maintaining the water harvesting structures - 250 landowners and project staffs
restoration - Total 4 weeks training (during project timeframe) for landowners ~ (local community)
and project staffs on establishing and maintaining the water - 5000 hectare

harvesting catchment
- Investing on tractor (Delfino) and contour laser device

Risk and sensitivity analysis

Climate impact
We estimate the NPV and aggregated NPV of each CSA package under two scenarios: (i) NoCC
scenario (baseline), and (ii) CC scenario.

We follow the impact of CC scenario RCP 8.5 on yield of date palm, vegetables, and barley (chapter 4,
Table 4.1) to estimate the NPV and aggregated NPV of these packages under CC scenario. According
to the IMPACT model under CC scenario RCP 8.5 and business as usual scenario (SSP2), an increase
in yield of date palm, vegetables, barley is foreseen in 2050. This increase is explained by several
factors, including additional investment, better input prices, use of improved varieties and agronomic
practices. Therefore, we assume that the impact of the CC scenario RCP 8.5 on yield reported in Table
4.1is for commodities that are produced under CSA practice.

The impact of CC on yield of commodities that are produced under conventional/current farming
practice is estimated as follows:

Y9
cc =CC™.—L- (3)
YF.‘Sd

7

where CC;f and CC;" are the impact of CC scenario RCP 8.5 on yield of commodity j produced
under conventional farming and CSA; and chf and chsa are the current yield under NoCC scenario of
commodity produced under conventional farming and CSA practice respectively.

The annual impact of CC was then estimated using the following equation:

=" )
T

where IB is the CC impact at time ¢ ; IPT is the CC impact at the end of analysis period and T is
analysis period.

Because we did not model the yield of olive and small ruminants under RCP 8.5 using IMPACT, the
impact on CC scenario on yield of such commodities were used based on literature and expert
interviews. According to Ministry of Environment (2014), the yield of rainfed olive under current farming
practice is anticipated to decrease by 10% due to lower water availability when the temperature
increases by 2 degree and precipitation decreases by 20%. We assume that with water harvesting and
improved farming included in CSA package for olive, the impact of CC on CSA olive yield is predicted
to be less than CF olive yield. The impact of CC on olive yield produced under CSA is calculated using
equation (3).
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For small ruminants, experts' interview indicated that extreme weather leads to 15% yield loss under
open-grazing (conventional farming) and 10% loss under concentrated farming (CSA). Due to lack
of data availability, we assume that this weather impact on small ruminants indicated by experts is
anticipated under CC scenario in 2050.

We did not consider CC scenario for Badia restoration because this package is highly adaptable and
resilient with CC.

Table G3 provides the impact of CC scenario on yield of each commodity and the information sources.

Table G.3: Yield impact for conventional farming (CF) and climate-smart agriculture (CSA) under climate
change scenario compared to no-climate change scenario

Yield change under CC scenario compared
to no-CC scenario by 2050 (%)

CSA package Sources
CF CSA

Date palm 14.5 20 IMPACT model
Vegetables (open-field vegetables) 19 IMPACT model
Olive 14.5 -5 Ministry of Environment (2014)
Barley -10 21 IMPACT model
Small ruminants 76 -10 Experts’ interview
Badia restoration -15 NA Assumption
(shrubs)
Badia restoration NA NA Assumption
(shrubs)

Discount rate

Another parameter that influences the economic profitability of an agricultural project funded by
public investment is the social discount rate. In a cost benefit analysis, the choice of appropriate
discount rate is crucial in determining whether or not the project should be implemented. A high
social discount rate could result in excluding many socially desirable project while the low one might
end up making a lot of economically inefficient investments .

We estimated farm-scale NPV and aggregated NPV of all CSA packages under three different discount
rates: 2.5%, 6% and 9%. This value represents the minimum, average and maximum discount rate
over the last 10 years in Jordan (retrieved from https://tradingeconomics.com/jordan/interest-rate).

The combination of two CC scenarios (NoCC and CC) and three discount rate scenarios results in a
total of six values for farm-scale NPV and aggregated NPV for each CSA package.

Output prices

During the focus group discussions, all invited experts emphasized the variability in the price of output
products as the result of the recent regional instability. Price of products also varies with seasons. For
example, winter crops that are produced in off-season could reach significant higher price than in

winter.

Therefore, in this study, we take into account the variability of output price. We set the minimum, most
likely and maximum value for the output price of each commodity and run Monte Carlo simulation
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using Pert distribution (Pert distribution is a smooth version of uniform or triangular distribution that
relies on minimum, maximum and most likely (most common) value of a parameter). 1,000 iterations
were run to estimate the farm-scale NPV and the aggregated NPV under no-CC and CC scenario
and three discount rate scenarios for each CSA package using @Risk. @Risk is an add-in to Microsoft
Excel that uses Monte Carlo simulation to analyse project risks and uncertainties. The software was
developed by Palisade Company. Table G.4 provides the values (minimum, most likely, maximum) of
outputs price and the source of information.

Table G.4 Minimum, most likely and maximum values of outputs price and discount rate used in risks and
sensitivity analysis

Most

CSA package / commodity Price*/Unit Min likely Max Sources
Date JD/kg 1.50 3.00 4.00 Expert interviews
Tomatoes (conventional) JD/kg 0.04 0.15 0.30 Experts’ interviews

Most likely value (Advance Consulting,
Tomatoes (CSA) JD/kg 0.16 0.6 12 2019); Min and max value assumed to
follow price variation of conventional

Squash (conventional) JD/kg 0.10 0.20 0.56 Experts’ interviews
Most likely value (Advance Consulting,

Squash (CSA) JD/kg 0.20 0.40 112 2019); Min and max value assumed to
follow price variation of conventional

Olive oil (conventional) 1D/litre 3.75 5.00 5.60 Expert interviews

Olive oil (CSA) JD/litre 430 5.30 5.90 Expert interviews

Table olive (conventional) JD/kg 0.75 1.00 1.50 Expert interviews

Table olive (CSA) JD/kg 1.00 1.25 1.75 Expert interviews

E?X;y grain (conventional and JD/kg 0.25 0.30 0.35 Expert interviews

Barley straw (conventional and JD/kg 0.10 0.12 0.14 Expert interviews

CSA)

Small ruminants revenue ID/150 heads 16,941 21177 25,412 Assumption (min and max =+ 20% most
(conventional) likely)

Small ruminants revenue Assumption (min and max =+ 20% most
(CSA) JD/150 heads 25,374 31,178 38,062 likely)

Badia restoration NA NA NA NA

1D =1.41US$ (Dec, 2020)

For Badia restoration package, sensitivity analysis is only performed for the variability of discount rate
since this package is not impacted by CC and the price of output products (shrubs in this case) does
not vary significantly.



Annex H: Greenhouse gas
assessment methodology

In order to get a more comprehensive understanding of the costs and benefits of adopting different
climate smart practices in Jordan, a greenhouse gas emissions estimation was employed to gain an
understanding on the greater environmental impact adopting these CSA practices may have.

The Greenhouse Gas (GHG) emissions estimation was done using the Ex-Ante Carbon-balance Tool
(EX-ACT) developed by the Food and Agriculture Organization of the United Nations (FAO). EX-ACT
is an open-source, land-based appraisal system that estimates the amount of GHG emissions certain
land uses, agricultural and aquaculture activities, programmes, policies, and development projects
may have and expresses it in the form of equivalent tonnes of CO2 per ha (tCO2-eq). In general,
the tool aims to provide net carbon balance estimations from a host of different agricultural and
aquaculture scenarios across multiple different environments and soil types. The tool aims to provide
an estimation of carbon balance due to the adoption of different types of land management and
agricultural practices and compares it with the ‘business as usual’ (BAU) or traditional scenario. The
impacts from different agricultural, aquaculture, and forestry developments are calculated simply
through the addition of estimated GHG emissions reduction and the amount of carbon sequestered
above and below ground and is expressed in tonnes of carbon dioxide emitted per ha or year (tCO2-
eq/ha or /year). This methodology is taken largely from the EX-ACT technical guidelines produced by
EasyPol for FAO (FAO, 2018)

The majority of data collected on carbon emissions on land-based emissions for EX-ACT are from the
Guidelines for National Greenhouse Gas Inventories (IPCC 2006) along with other methodologies to
create a basis for default coefficients. The tool's estimates are made using the following categories:
Above ground biomass (tonnes of dry matter), below ground biomass (ration R** of below-ground
biomass to above-ground biomass, tonnes of dry matter), Litter and dead-wood (used for forests,
tree crops, and perennials), and soil carbon (Soil organic carbon stocks** for minerals soils up to 30
c¢m depth, in cases of land use change — a default time period of 20 years is used). The default values
for carbon stocks for mineral soil under HAC soils in a Tropical Dry environment (used for Jordan) is
set at 38 tC ha. 2

For non-CO, GHG emissions such as N,O and CH,, an emission factor is used for a specific gas
and is based on the activity which emits the gas (methane produced from livestock, emissions from
specific fertilizer use). Biomass burning is also considered when specified and is given by the following
equation:

GHG, =M xCFxC eq.1

fire biomass

Where:

GHG, _=amount of GHG from fire, kg of each GHG (CH. or N2O)

= mass of fuel available for combustion, tons

fire

biomass

C, = combustion factor
G, emission factor, g kg™ dry matter burnt
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EX-ACT also allows users to set the dynamic of change - that is, how quickly farmers adopt the

changes made — moving from the current determined situation to one where the CSA practices By

default, the tool is set to a ‘linear’ setting which is given by the following equation:

Where:

Total, . =0.5x (100 x 5 xEF)

EF = emission factor of GHG, tCO2-eq/ha/year

eq.2

For the GHG analysis, it was initially planned to interview farmers for each CSA package through a

survey. However, due to the COVID-19 pandemic, travel restrictions, and inherent health risks, data

was collected through expert interviews for each commodity/sector instead. This is coupled with

literature reviews to help build assumptions and validate interview answers.

Table H.1 below summarizes each packages current situation, proposed CSA practice, as well as the

expected impact on GHG emissions. Furthermore, due to travel restrictions, survey data results were

limited and need to be supplemented with secondary sources and literature review. Some of the key

assumptions included in the analysis are presented below:

Table H.1 Summary of conventional and CSA farming practice, associated impacts on GHG emissions, and

reference data used from literature.

CSA
package

Date palms

Vegetables

Olives

Barley

Small
ruminants

Badia
restoration

Conventional
farming (CF)

Open-field
vegetables
(squash)*

Open-field and old
tunnel vegetables
(tomatoes and
squash)*

Rain-fed olive
production

Rain-fed barley
with old low
productivity variety

Open-grazing

Severely degraded
landscape

CSA practice at farm-

level

Date palm, using modern
irrigation and improved
cultural practices

Greenhouse vegetables
and hydroponics,
combined with precision
farming

Rainfed olive with
micro-water harvesting
combined with modern
technologies for
harvesting

Rainfed barley with micro-
water harvesting and
improved variety

Concentrated farming:
on-farm fattening;
production and processing
by-products

Restoration with shrubs
and grasses and macro-
water harvesting**

Expected impact of CSA on
GHG emissions

- Higher carbon sequestration
by switching from vegetables.

- Lower water and energy
requirements

- Use of renewable energy for
cold storage

- Larger areas planted to olive
leads to larger biomass for
carbon sequestration.

- Land use change leads to
larger carbon sequestration
from barely production

- Improved carbon
sequestration from biomass
and soil due reduction of
overgrazing pastures. Offsets
GHG emissions from livestock
production

- Carbon sequestration from
revitalizing degraded land.

Reference data used from
literature

- GHG Emissions from drip
irrigation for change in irrigation
system

- Energy consumption of
vegetable cold storage and
processing

- Emissions from hydroponic
farms in comparison with
conventional practices

- Irrigation requirements of olive
plantations to estimate hectarage
of irrigation

- Energy consumption and
efficiency of olive mills

- Data on olive oil sector, number
mills, and amount of olive oil
produced in Jordan

- Olive sector production data

- Similarities in the GHG
emissions of goat and sheep per
kilogram of meat produced.

- The area covered and fuel
consumption of Vallerani
Machines used in water-
catchment development

- GHG Emissions from drip
irrigation for change in irrigation
system



Annex |: Experts consulted
during the study

The following experts were either involved in expert panels for the prioritization of CSA packages

per agroecological zone, in group/stakeholder interviews for further elaboration of each investment

package, or were consulted for their expertise during the CBA/GHG mitigation assessment.

Respondent to the on-line survey are not included in the list.

# ‘ Name Title
1. Abdullah Al-Musa Director General. Islamic World Academy of Sciences.
Islamic World Academy of Sciences
2. Abeer Sager Extension Sector
Extension programs Department. Ministry of Agriculture.
Ministry of Agriculture (MoA)
3. Abir AlBalawnah Director of Environment and Climate Change Directorate & Expert researcher
4. Adel Y. Alobeiaat National Agricultural Research Center (NARC)
5. Ahed Mohammad Algdah | Marketing sector
Head of Marketing Facilities and Post-Harvest Techniques Division.
Ministry of Agriculture (MoA)
6. Ahmed Olwan Director of Dair Allah Research Station
National Agriculture Research Center (NARC)
7. Amer Al-Ghorbany Environmental Specialist (Environmental safeguards).
World Bank
Amer Jabareen Economist — Agribusiness
9. Anwra Haddad Chairman
Jordan Dates Association (JODA)
10. Awni Taimeh Land, Water, and Environment Specialist
University of Jordan
1. Ayman Salti Marketing sector
Secretary General Assistant.
Ministry of Agriculture (MoA)
12. Bassam Snobar University of Jordan
13. Bilal Shagareen Director of Climate Change Directorate
Ministry of Environment (MoEnv)
14. Blair Edward Lapres Economist.
World Bank
15. Buthaina Batarseh Water and Environmental Management
Ministry of environment (MoEnv)
16. Dorte Verner Lead Agricultural Economist.
World Bank
17. Emiliano Duch Lead Private Sector Specialist.
World Bank
18. Faisal Awawdeh Animal production specialist
Former director of the National Agricultural Research Center (NARC)
19. Fayyad Zyoud Private sector
20. Feda Garadat Head of Projects Department
Ministry of Planning and International Cooperation (MOPIC)
21. Feras Al -Momani Ministry of Planning and International Cooperation (MoPIC)
22. Firas Gnaidi Jordan Dates Association JODA)
23. Ghassan Hamdallah External
EX FAO Sr. Land &EWater Officer
Soil specialist
24. Haitham Hamdan National Agriculture Research Center (NARC)
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25. Hani M. Alhareshah Ministry of Water and Irrigation (MoW!)
26. Hassan Abu Sido Private sector
27. Hazim Smadi Director of Agreements and International Cooperation Directorate
Ministry of Agriculture (MoA)
28. Hisham Al-Hisa Ministry of Water and Irrigation (MoW!)
29. Ibrahim Alamad Olive and olive oil Expert
National Agriculture Research Center (NARC)
30. Ibrahim Hamdan National Agriculture Research Center (NARC)
31. Ibrahim Mbaidin Ministry of Planning and International Cooperation (MoPIC)
32. Ismail Edwan Extension Sector
Training & Farmers Awareness Department.
Ministry of Agriculture (MoA)
33, Jaafar Al Widyan Head of Ecosystems Research Department
Environment and Climate Change Directorate
National Agriculture Research Center (NARC)
34, Jamal R.Qasem Landscape specialist.
University of Jordan
35. Khaled Abulaila Botanist, Conservation Biologist Director/Directorate of Plant Diversity
National Agriculture Research Center (NARC)
36. Khalil Y. Alabsi Ministry of Water and Irrigation (MoW!)
37. Luna Hadidi Researcher.
National Agriculture Research Center (NARC)
38. Mahmoud AlRbie Director of Studies and Development of Production Chains Directorate
Ministry of Agriculture (MoA)
39. Mahmoud Duwairi Former Minister
Ministry of Agriculture (MoA)
40. Mahmoud Freihat Director of the Lands and Irrigation Directorate
Ministry of Agriculture (MoA)
41. Manar Abu Haziem Head of Mitigation Division
Ministry of Environment (MoEnv)
42. Marwan Suaifan Badia Restoration Project
Ministry of Environment (MoEnv)
43. Maysoon Hazeem AL amro | Plant wealth. Ministry of Agriculture.
Ministry of Agriculture (MoA)
44, Meriem Ait Ali Slimane Senior Private Sector Specialist.
World Bank
45, Mohammad al Shibli Studies and Development of Production Chains Directorate
Head of Climate change Division.
Ministry of Agriculture (MoA)
46. Mohammed m. Ershaid Ministry of Water and Irrigation (MoW!)
47. Muhammad Nsoor Natural Resources Manager
watershed development initiative
National Agriculture Research Center (NARC)
48. Muhammad Shahbaz Regional Vice-Chair for West Asia, Commission on Environment, Economic and Social
Policy CEESP — IUCN and
Director General of the
Royal Botanic Garden of Jordan
49. Mustafa Shudiefat Director of Programs
Royal Botanic Garden of Jordan
50. Nabeel Arrar Jordan Dates Association (JODA)
51. Nada AlFrihat Head of Organizations Division
Ministry of Agriculture (MoA)
52. Naem Mazahreh Director General Assistant for Research
Irrigation Water and Environment Management
National Agriculture Research Center (NARC)
53. Narmeen Qatatsheh Extension Sector
Training & Farmers Awareness Department.
Ministry of Agriculture (MoA)
54. Nidal Samain Private sector
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55. Nizar Haddad Director General
National Agriculture Research Center (NARC)
56. Ogab Awamleh National Agriculture Research Center (NARC)
57. Osama Qattan Plant wealth.
Ministry of Agriculture (MoA)
58. Ra'ed Daoud Director of Eco Consult
59. Salam Ayoub National Agriculture Research Center (NARC)
60. Salem Nino Jordan Dates Association JODA)
61. Sami Awabdeh Director of Livestock Research Directorate
National Agriculture Research Center (NARC)
62. Sara AlHaleeq Head of Adaption Division
Ministry of Environment (MoEnv)
63. Serhiy Osavolyuk Operations Officer.
World Bank
64. Shafick Hussein Environmental Specialist (TTL for Environment project in Jordan).
World Bank
65. Thaer Al-Momani Director of Environment and Climate Change Directorate
Ministry of Water and Irrigation (MoW!)
66. Wafaa Shehadah Head of Energy efficiency department, and Acting head of Environment and Climate
Change Department
Ministry of Water and Irrigation (MoW!)
67. Yehya Shakatreh Director of Field Crops Research Directorate
National Agriculture Research Center (NARC)
68. Zuhair Gwaihan Private sector
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