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EXECUTIVE SUMMARY 
 
INTRODUCTION 

The Aral Sea crisis is the result of an extractive and exploitative system that underestimated the 
complex dependency of the society on the environment. In particular, efforts to maximize 
agricultural production while ignoring environmental sustainability led to the transformation of the 
fourth largest lake in the world into what is now known as the Aralkum Desert. Currently, agricultural 
production in the Aral Sea region is the most sensitive and vulnerable among all economic sectors. 
Climate change risks, water stress, and the continuous degradation of the Aral Sea are immediate 
and important problems that required careful consideration when planning agricultural 
development. 

The Government of Uzbekistan has identified and set priorities, embodied in Presidential and 
Cabinet of Ministers Resolutions, for the implementation of adaptation measures for the agricultural 
sector in Karakalpakstan. However, in order to support the rehabilitation of the region, the 
agriculture sector requires the development of a clear adaptation plan that comprehensively 
analyzes available infrastructure and on-farm investments, documents potential and expected 
impacts on the sector’s productivity and food security, and lays the course for human and physical 
capital enhancements. All of this, without neglecting environmental sustainability as previous plans 
did.  

ANALYSIS 

Following the scope of the ‘Green Rehabilitation Investment Project for Karakalpakstan Republic to 
address impacts of the Aral Sea crisis’ (Aral Sea GRIP Project), three infrastructural adaptation 
measures for farm protection (drip-irrigation systems, moving crops to greenhouses, and planting 
trees for windbreaks) have been analyzed. The selection of these three infrastructural adaptation 
measures is in response to a scoping assessment pre-project implementation, government priorities 
and targets, the experience and efforts of development partners in Uzbekistan and in the Aral Sea 
region, and the evidence of the effectiveness of these options against the multiple challenges faced 
in the region. With this, the Aral Sea GRIP Project, funded by the Korean International Cooperation 
Agency and co-funded and implemented by the Global Green Growth Institute, aims to set a 
precedent in guiding adaptation plans in the Aral Sea region. 

Taking note of the need to bridge the conventional division between production and sustainable 
resource management, the 3Returns Framework and the Nature-Based Solutions Framework for 
Agricultural Landscapes have been used for the valuation and investment analysis for implementing 
the three infrastructural adaptation measures in the project area (Bozataw, Kegeyli, Chimbay and 
Karauzyak districts in Karakalpakstan). Within the 3Returns Framework, one Business as Usual and 
two Green Growth scenarios have been assessed up to 2040. The scenarios have been designed to 
analyze the investment needs for the above mentioned three infrastructural adaptation measures, 
and the future impacts of implementing these measures from a landscape perspective. Under the 
Green Growth scenarios, the implementation of greenhouses and drip-irrigation (commercial scale) 
has been analyzed for vegetable production systems, while the implementation of drip-irrigation and 
trees for windbreaks has been analyzed for orchard production systems.  

The first scenario, the Business as Usual (BaU), considers the targeted increase in fruit and vegetable 
growing area for 2022-2025, as specified by the government under Resolution of the President No. 
20. This targeted increase does not represent an adaptation measure but has been analyzed due to 
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its direct impact in the total area for vegetable production. In addition, climate change impacts, salt 
and dust storms (SDS) impacts, and economic conditions were modelled under the BaU for the 
period 2022-2040. The second scenario, the Green Growth Intervention Scenario (GGIS), made the 
same considerations; however, it analyzed government plans expressed through Resolution of the 
President No. 4912 (drip-irrigation targets for 2022-2023), No. 4850 (protective forest plantations 
for 2022-2030), and Resolution of the Cabinet of Ministers No. 155 (greenhouse targets 2022-
2026). The third scenario, the Green Growth Exploratory Scenario (GGES), took an ambitious step 
further and presents what would happen if the infrastructural adaptation measures were 
implemented to their full potential, based on a suitability assessment conducted in the project areas. 
As with the previous two scenarios, the GGES considers the targeted increase in fruit and vegetable 
growing area for 2022-2025, climate change and SDS impacts, and economic conditions. The table 
below summarizes the changes modelled under the three scenarios up to 2040.  

Table 1. Summary of changes modelled under the three scenarios up to 2040. 

Project Area: Bozataw, 
Chimbay, Kegeyli, and 

Karauzyak 
Increase (in hectares) 

Scenarios & Interventions (2022 - 2030) 

BaU GGIS GGES 

Area of 
vegetable 

production 

Total increase in total area 3,266 ha 3,266 ha 3,266 ha 

Total increase in greenhouse 0 ha 230.7 ha 3,321 ha 

Orchard 
farming area 

Total increase in total area 0 ha 0 ha 0 ha 

Total increase in drip-irrigation 0 ha 3,300 ha 51,948 ha 

Total increase in tree 
windbreaks 

0 ha 526 ha 27,513 ha 

 
For the Green Growth scenarios, changes in capitals and their linked benefits were modelled. For 
this, greenhouses and drip-irrigation systems (‘grey’ solutions) were analyzed as an investment in 
‘Financial Capital’, while tree windbreaks (nature-based solutions) were analyzed as an investment 
in ‘Natural Capital’. Capacity development costs for the implementation and proper management of 
these infrastructural adaptation measures were analyzed as investment in ‘Social & Human Capital’. 
Benefits from these investments were modelled and captured through the improvement in yield in 
both vegetable and orchard production systems, through non-monetary benefits (carbon 
sequestration and green jobs), and capital output indicators (orchard area, tree windbreaks area, 
water savings, people under capacity development, and production assets). Table 2, Figure 1, and 
Figure 2 summarize the results of the analysis for the period 2022 – 2040. 
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Table 2. Return on investment analysis 2022 - 2040. 

Note:   PV – Present Value.    FTE – Full-Time Equivalent.    Ha – hectare.    Avg. – average.  
*The Return on Investment was calculated only for areas under intervention as ecosystem services linked with monetary impacts 
(i.e., improvement in yield) have been only calculated in these areas and not for the whole landscape.  
**Water savings only while drip-irrigation systems are in place.  
***Total number of people provided training between 2022-2040. 
 
Figure 1. Net present value (NPV) for the three scenarios and for multiple periods of time. 
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NPV 2025 NPV 2030 NPV 2035 NPV 2040

NPV (Profitability - million USD)

BAU GG-Intervention Scen. GG-Exploratory Scen.

 Period of Analysis 2022-2040 

 BaU GGIS GGES 
Benefits (monetary – PV million USD)     
     Value of vegetable production (USD) 32,615.42 32,797.86 35,099.24 

     Value of orchard production (USD) 19,927.01 19,995.43 20,835.67 

Operational expenditure (OPEX – PV million USD)    

    Operational costs for vegetable production (USD) 31,895.40 31,899.15 31,943.86 

    Operational costs for orchard production (USD) 17,607.54 17,630.65 17,993.47 

Capital expenditure (CAPEX – PV million USD)    

    Investment in Natural Capital (USD) 0 0.24 12.28 

    Investment in Social & Human Capital (USD) 0 1.25 12.48 

    Investment in Financial Capital (USD) 0 45.29 588.16 

Net Benefits (monetary – NPV million USD) 3,040.48 3,216.71 5,384.66 

Financial Analysis (indicators)    

    Benefit-Cost Ratio (BCR) 1.061 1.065 1.107 

    Return on Investment (ROI)* - 5.44 5.92 

Non-Monetary Benefits (Unit)    

    Total carbon sequestration (average annual MtCO2e) 44,518 44,674 48,122 

    Number of ‘green jobs’ (# of FTE people by 2040) 0 310 16,227 

Status of Capitals (Output Indicators - Unit)    

    Natural Capital (orchard area – ha by 2040) 123,644 123,644 123,644 

    Natural Capital (area with tree windbreaks – ha by 2040) 0 526 27,513 

    Natural Capital (water savings** – avg. annual km3) 0 0.032 0.229 

    Social & Human Capital (people under capacity development***) 0 2,564 20,843 

    Financial Capital (production assets – PV million USD 2022) 0 45.29 588.16 
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Figure 2. Return on Investment (ROI) for green growth scenarios and for multiple periods of time. 

 

CONCLUSIONS 

It is evident that agricultural production in Karakalpakstan is sensitive and vulnerable to the potential 
negative impacts of climate change and SDS. The implementation of infrastructural adaptation 
measures becomes highly relevant in mitigating the effects of temperature increases, water stress 
from hydrological changes, and increased frequency and severity of SDS, while at the same time 
securing economic growth, food security, and environmental sustainability. 

In terms of financial indicators, the net present value (NPV) for the three scenarios and for multiple 
periods is positive. This indicates profitability of the current production practices as well as from the 
investments in infrastructural adaptation measures. For the three scenarios, the growth in net 
economic benefits in the short-term responds to the targeted increase in vegetable growing area, 
inflationary pressure; and in the case of the two Green Growth scenarios, it also responds to the 
implementation of infrastructural adaptation measures. In the long-term, climate change and SDS 
negatively impact the net monetary benefits, but in the case of the Green Growth scenarios, the 
impact is different.  

Overall, the difference between the GGIS and the GGES corresponds to the investment size, targets 
for 2022-2030, relative proportion invested in different capitals (% allocated to different capitals), 
and the useful life expectancy of the infrastructural adaptation measures. The impact of a more 
ambitious size and targets of investment is greater net monetary benefits observed in the GGES. 
The lower net monetary benefits of the GGES in the period 2022-2025, but more stable benefits 
in the long-term, is a result of the higher relative proportion invested in natural capital (2%) 
compared to the GGIS (0.5%). The impact of this greater investment in natural capital can also be 
observed in the return on investment (ROI). Investment in trees for windbreaks (natural capital) has 
considered a minimum average tree maturity of five years before benefits and yield impacts can be 
observed. On the other hand, investment in greenhouses and drip-irrigation systems provide returns 
starting from their implementation date. However, while greenhouses and drip-irrigation systems 
stop providing returns after their average useful life expectancy, trees for windbreaks keep providing 
returns in the long-term.  

Thus, the investment and sensitivity analysis shows that natural capital investment in nature-based 
solutions provides greater and sustained benefits in the long-term. Yet, natural capital investment 
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in the short-term can represent lower net monetary benefits, which can be perceived as costly or 
ineffective by farmers, jeopardizing their willingness to spend on nature-based solutions. Financial 
capital investment in ‘grey’ solutions (i.e., greenhouses and drip-irrigation systems) provide greater 
benefits from the short-term; however, the long-term benefits can be jeopardized by the lack of re-
investment in these technologies after their useful life span. Lack of re-investment can be the result 
of inappropriate implementation mechanisms and knowledge, or due to the overall economic 
conditions. The lack of re-investment and poor management of greenhouses and drip-irrigation 
systems can lead to a similar pre-investment reality in the long run. In this regard, the results from 
the investment analysis provide reasons aligned with the Nature-Based Solutions Framework for 
Agricultural Landscapes that justify why nature-based solutions do not substitute conventional 
“grey” engineering. Instead, combined solutions generate positive, cumulative biophysical 
interactions, and social benefits.   

Besides monetary benefits, the investment in infrastructural adaptation measures following the 
above-mentioned targets under Green Growth scenarios will bring significant non-monetary 
benefits in terms of carbon sequestration and the creation of green jobs. At the same time, 
investment in these measures will improve natural capital and social & human capital status by 
increasing the areas protected by tree windbreaks, water savings, and the number of people 
provided with capacity development in order to collectively improve their adaptability to climate 
change and SDS. 

Finally, and considering government willingness expressed in clear targets, the introduction of 
water-saving drip-irrigation systems, the creation of protective forest plantations aimed at increasing 
the yield of agricultural land, and the production targets under greenhouses can potentially increase 
the sustainable production and income of farmers in Karakalpakstan. Furthermore, the government 
targets may support adapting to and building resilience against the impacts of climate change and 
SDS, while reducing greenhouse gas emissions and creating ‘green’ jobs. Nevertheless, future 
economic conditions, the severity of climate change and SDS impacts, and the effective 
implementation of infrastructural adaptation measures can lead either to the desired positive 
change, or diminish the hope for a developed and adapted agriculture sector. Only one thing is clear, 
increased agricultural production due to the assigning of new areas for higher value crops and 
diversification away from cotton and wheat towards higher value crops (i.e., vegetables and fruits) 
(UNECE 2020), represent short-term but unsustainable solutions. Long-term sustainability of the 
agriculture sector will depend on the adoption of technologies and farm management measures that 
will allow local producers to counteract the impacts of climate change and SDS, while offering them 
the opportunity to enjoy food security and improved income streams. 

RECOMMENDATIONS 

Overall, the investment and implementation of infrastructural adaptation measures is strongly 
recommended for the Aral Sea GRIP Project to contribute to the sustainable development and 
growth of the vegetable and orchard production systems in the project area; and considering similar 
regional conditions, for the whole of Karakalpakstan. Yet, the implementation of infrastructural 
adaptation measures should consider a combination of ‘green’ (nature-based solutions) and ‘grey’ 
solutions.  

Considering the long-term benefits from natural capital investments, higher and more ambitious 
targets for nature-based solutions in support of the agricultural sector are recommended for 
adaptation plans in the region. For this, the necessary conditions in terms of the target farmers’ 
understanding of short- versus long-term benefits, as well as farm incentives for implementing these 
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measures need to be put in place. The need for enabling conditions for investing in natural capital 
also applies for financial capital investment in ‘grey’ infrastructure. Implementation of drip-irrigation 
systems or greenhouses without proper access to the required infrastructure for water access or 
proper inputs for the maintenance and continuous re-investment in these technologies will simply 
dilute the adoption rate of these measures.  

Besides investing in ‘green’ and ‘grey’ solutions, it is essential to invest in human & social capital with 
the objective of reducing the implementation risk and promoting a successful and efficient adoption 
of these technologies. In this regard, farmer’s understanding of the proper management of each 
technology, the benefits and returns in time from these measures, as well as the potential economic 
and external impacts on the production systems, will support reducing the implementation risk and 
will increase the effectiveness of their adoption.  

Following explicit targets, it is highly recommended that the government closely monitor the positive 
impact of these technologies, the economic conditions in the region, and the impacts of climate 
change and SDS. Major changes that can hinder the implementation of the technologies need to be 
identified on time. On a related note, if ecosystem services are included as part of the monitoring 
efforts, an opportunity to monetize and develop market mechanisms for ecosystem services exists, 
which will enhance the benefits from adaptive measures and will reduce the risk from economic, 
technological, and external factors.  

In addition to monitoring efforts, it is recommended that the government supports inclusive 
economic institutions as a mechanism for accelerating the adoption of adaptive technologies. 
Inclusive economic institutions feature secured land tenure, an unbiased system of law, and a 
provision of public services that provides a level playing field in which people can exchange and 
contract (Acemoglu and Robinson 2012). Regarding land tenure, farmers’ willingness to make long-
term investments in technologies has been negatively affected by multiple rounds of farm size 
optimization over the last decade. Therefore, strengthening trust in the land rentals and leasing 
system, and the implementation of consistent farm policies over time are crucial to encourage long-
term on-farm investments (USAID, 2020). 

Finally, building on the enabling conditions needed for implementing infrastructural adaptation 
measures, access to information and extension services is highly required. In this regard, knowledge 
about key criteria before investment, for instance soil type and quality, farm layout, and farm 
exposure, are relevant for selecting the proper infrastructural adaptation measures. For this, it is 
important to acknowledge available technology providers and the difference between each 
technology. At this point, an opportunity arises to promote technology adoption through suppliers 
that work towards sustainability by implementing waste management mechanisms for key synthetic 
materials, including plastic pipes and plastic films/walls.
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1. INTRODUCTION 
 
The Aral Sea crisis has generated different superlatives for describing the destructive nature of its 
desiccation; they include, among others, being “one of the major human-induced environmental 
degradations of the twentieth century” or “one of the most serious, if not disastrous anthropogenic 
environmental crises of the 20th century” (as cited in White 2014). Widely acknowledged, the ‘crisis’ 
is the result of an extractive and exploitative system that underestimated the complex dependency 
of the society on the environment. In the case of the Aral Sea, intensive agricultural activities aiming 
at maximizing agricultural production while ignoring environmental sustainability led to the 
transformation of the fourth largest lake in the world into what is now known as the Aralkum Desert 
(the seabed of the former Aral Sea which covers an estimated area of 60,000 km2) (Akramkhanov, 
Strohmeier and et al. 2021). 

Nowadays, the general scientific consensus admits and recognizes the need to utilize 
multidisciplinary approaches to inform decision-making for the sustainable development of multiple 
integrated systems (White 2014). In the case of the agricultural sector, the identification and 
recognition of multiple interactions between inputs and outputs, as well as resource management, 
is recognized as fundamental for developing the base of any plan that aims to draw the future 
development of this sector. 

In the Aral Sea region, agricultural production is inextricably tied to climate and current 
environmental conditions, making agriculture the most sensitive and vulnerable of all economic 
sectors (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate 
Change 2013). In the Republic of Karakalpakstan, the risks of climate change, water stress, and the 
continuous degradation of the Aral Sea (See Figure 3) are particularly immediate and important 
problems for the agricultural sector as the majority of the local economy (29.6%) depends on 
agriculture, forestry, and fishery activities (MIFT 2021).  

Figure 3. Impacts of climate change in Uzbekistan. 

 

Source: Taken from (Zoi Environment Network 2015). 
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At this point in time, efforts to mitigate greenhouse gas emissions and the desiccation of the Aral 
Sea may not be sufficient to prevent the harmful effects of temperature increases, changes in 
precipitation, increased frequency and severity of salt and dust storms, among other challenges that 
Karakalpakstan faces. Considering these challenges, if no measures are taken beyond simply 
changing planting dates, climate change and related hazards will likely have significant impacts on 
agriculture, with potential yield reductions of 20% to 50% by 2050 for nearly all crops (Sutton, 
Srivastava and Neumann, Looking beyond the horizon: how climate change impacts and adaptation 
responses will reshape agriculture in Eastern Europe and Central Asia 2013). Only one thing is clear 
at this point, any action to be taken in order to support the sustainable development of the 
agricultural sector cannot neglect the environmental sustainability of the region as previous plans 
did (Worbes and et al. 2006).   

The agriculture sector in the Republic of Karakalpakstan requires a clear adaptation plan that 
recognizes the impacts of climate change, the desiccation of the Aral Sea, and the water stress from 
hydrological changes. The adaptation plan must present, based on experience, a comprehensive 
analysis of current adaptation infrastructure and on-farm investments available in the region. 
Experience shows that effective plans for adapting the agriculture sector to current challenges 
involve both, human capital and physical capital enhancements. By understanding capital 
enhancements, farmers can be provided with adaptability means that can yield benefits as soon as 
they are implemented (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural 
Systems to Climate Change 2013).  

In the case of the Republic of Karakalpakstan, an effective adaptation plan should also take into 
consideration the government aims for food security and the improvement of the sector’s 
productivity as an objective to underpin the economic transformational process (EU 2020). In 
addition, the adaptation plan must consider the institutional structure prevalent in the farming 
arrangement, understanding the institutional heritage from the Soviet legacy as well as the current 
efforts to transition to a market economy (Zorya and et al. 2019). Finally, and building on previous 
efforts,  the adaptation plan must recognize and make use of the forecasted changes in temperature, 
precipitation, and general water availability and their impacts on farm outputs for the Republic of 
Karakalpakstan (Sutton, Srivastava and Neumann, Looking beyond the horizon: how climate change 
impacts and adaptation responses will reshape agriculture in Eastern Europe and Central Asia 2013).    

 

The Green Recovery Investment Analysis, as part of the Green Recovery Investment Planning 
Strategy (GRIPS), analyzes the potential impact of implementing infrastructural adaptation measures. 
These measures have been identified and will be implemented by the ‘Green Rehabilitation 
Investment Project for Karakalpakstan Republic to address impacts of the Aral Sea crisis’ (Aral Sea 
GRIP Project), funded by the Korean International Cooperation Agency (KOICA) and co-funded and 
implemented by the Global Green Growth Institute (GGGI).  

Box 1. Adaptation. 

Adaptation refers to adjustments in ecological, social, and economic systems in response to 
actual or expected climatic stimuli and their effects or impacts. There is no ‘one-size-fits-all-
solution’ as adaptation actions can take different shapes and forms, depending on the unique 
context of a community, business, sector, region or country (UNFCCC 2021).  
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Under the Aral Sea GRIP Project, the three infrastructural adaptation measures for farm protection 
include the implementation of drip-irrigation systems, moving crops to greenhouses, and planting 
trees for windbreaks (an agroforestry practice). The Green Recovery Investment Analysis considers 
governmental targets for these technologies in the project target area (Bozataw, Kegeyli, Chimbay, 
and Karauzyak Districts), as well as the regional aim for developing high-value crops with the 
objective to secure food security and improve the productivity of the farms. The analysis presented 
in this document follows the 3Returns Framework and the Nature-Based Solutions (NBS) 
Framework for Agricultural Landscapes, both aiming to support decision-making for sustainable 
landscapes. Considering the major challenges for the agriculture sector in the Republic of 
Karakalpakstan, besides climate change impacts, the analysis considers the impacts of salt and dust 
storms as a consequence from the desiccation of the Aral Sea.  

2. OBJECTIVES 
 
The main goal of this analysis is to inform on decision-making regarding the implementation of 
infrastructural adaptation measures targeting the area under the ‘Green Rehabilitation Investment 
Project for Karakalpakstan Republic to address impacts of the Aral Sea crisis’ (Aral Sea GRIP Project). 
More broadly, this analysis will support the government in the development of mechanisms to 
stimulate the adoption of measures that improve the current situation of farms. Under this overall 
goal, the specific objectives are:  

a) To provide evidence of the potential impact of infrastructural adaptation measures as part 
of the Green Recovery Investment Planning Strategy;  

b) To quantify monetary and non-monetary benefits of infrastructural adaptation measures, 
promoting nature-based economic growth in the agriculture sector; 

c) To estimate the investment needed, as well as the profitability and efficiency of different 
measures following government targets; and 

d) To inform and support government decision-making regarding the sustainable development 
of the agriculture sector in the Republic of Karakalpakstan.  

The valuation and investment analysis in this document followed the goals of the Green Growth 
Knowledge Platform 3Returns Framework1 and the Nature-Based Solutions Framework for 
Agricultural Landscapes2. Both aim to promote sustainable development by bridging the 
conventional division between production and sustainable resource management in order to add 
functionality, supporting, in this way, decision-making towards sustainable landscapes.  

The 3Returns Framework provides a method for assessing the effectiveness of sustainable 
landscape interventions. The 3Returns Framework accounts for ‘green interventions’ in a landscape 
as: 

• Investments in Natural Capital: resources allocated to increase the stocks of natural assets;  

 
1 The 3Returns Framework methodological description is publicly available and can be found in the Green 
Growth Knowledge Platform under the Expert Group on Natural Capital featured resources - 
https://www.greengrowthknowledge.org/working-group/natural-capital.  
2 The Nature-Based Solutions Framework for Agricultural Landscapes is publicly available and can be found in 
https://www.frontiersin.org/articles/10.3389/fenvs.2021.678367/full.  

https://www.greengrowthknowledge.org/working-group/natural-capital
https://www.frontiersin.org/articles/10.3389/fenvs.2021.678367/full
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• Investments in Social & Human Capital: resources allocated to increase cooperation within 
and among groups, individual and collective knowledge, skills, and competencies; while 
building/strengthening institutions for resource management, decision making, and social 
integration; and  

• Investment in Financial Capital: resources allocated to acquire or increase the assets needed 
in order to provide goods or services.  

 
Nature-Based Solutions in the agriculture sector are referred as ‘the use of natural processes or 
elements to improve ecosystem functions of environments and landscapes affected by agricultural 
practices, and to enhance livelihoods and other social and cultural functions, over various temporal 
and spatial scales’ (Simelton and et al. 2021). The Nature-Based Solutions Framework for 
Agricultural Landscapes supports the design and implementation of measures that addresses needs 
or problems, isolated and cumulative, which result from ongoing and continuous management of 
agricultural production systems. The framework recognizes that nature-based solutions (e.g., diverse 
agroforestry systems) do not substitute conventional “grey” engineering (e.g., greenhouses and drip-
irrigation systems). Instead, it offers a way to identify, prioritize, and stage actions that combine 
solutions to generate positive, cumulative biophysical interactions and social benefits.  

2.1. Agricultural Policy Objectives 

This analysis aims to support the government’s achievement of priorities in accordance with the 
targets embodied in the following Presidential and Cabinet of Ministers Resolutions3: 

• Resolution of the President of the Republic of Uzbekistan, No. 4912 (05.12.2020) “On urgent 
measures for the efficient use of water resources and improvement of the land reclamation state 
in the Republic of Karakalpakstan”, which approves forecast indicators for the introduction of 
water-saving irrigation technologies for 2021 – 2023 in accordance with Table 3. 

Table 3. Introduction of water-saving irrigation technologies 2021 – 2023. 

Name 
2021-2023 Plan 

(in hectares) 
Drip-Irrigation (in hectares) 

2021 2022 2023 

Republic of Karakalpakstan 32,323 7,323 10,000 15,000 

Bozataw 356 56 100 200 

Kegeyli 1,470 370 400 700 

Chimbay 1,360 360 400 600 

Karauzyak 1,155 255 300 600 
Source (On urgent measures for the efficient use of water resources and improvement of the land 
reclamation state in the Republic of Karakalpakstan 2020). 

• Resolution of the President of the Republic of Uzbekistan, No. 4850 (06.11.2020) “On the 
approval of the concept for the development of the Forestry System of the Republic of Uzbekistan 
until 2030”, which sets targets for the Republic of Karakalpakstan in accordance with Table 
4.  

 
3 Targets have been only considered for the Aral Sea GRIP Project target districts in the Republic of 
Karakalpakstan, which include: Bozataw, Kegeyli, Chimbay, and Karauzyak. 
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Table 4. Creation of protective forest plantations to protect against wind and water erosion, aimed 
at increasing the yield of agricultural land 2021 – 2030. 

Name 
Total 

Target          
(in hectares) 

Target by Year (in hectares) 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Republic of 
Karakalpakstan 

2,670 250 250 250 250 260 260 270 280 300 300 

Bozataw 181 19 19 18 17 17 17 18 18 19 19 

Kegeyli 0 0 0 0 0 0 0 0 0 0 0 

Chimbay 180 19 17 18 17 17 17 17 18 20 20 

Karauzyak 219 16 19 18 18 22 22 25 25 27 27 

Source (On the approval of the concept for the development of the Forestry System of the Republic 
of Uzbekistan until 2030 2020). 
 

• Resolution of the President of the Republic of Uzbekistan, No. 20 (23.11.2021) “On measures 
to develop family business in fruit and vegetable growing and viticulture, to increase the share of 
farms in agricultural production”, which sets the gradual return of 20,280 hectares of low-
yield cotton and grain lands used by farms and clusters in the Republic of Karakalpakstan in 
2022-2025 in accordance with Table 5.  

Table 5. Targeted land to be leased for fruit and vegetable growing and viticulture 2022 – 2025. 

Name 
Land Area        

(in hectares) 

Target for 2022 – 2025 (in hectares) 

2022 2023 2024 2025 

Republic of Karakalpakstan 20,280 8,110 5,230 3,955 2,985 

Bozataw 56 22 14 11 9 

Kegeyli 1,086 434 280 212 160 

Chimbay 1,100 440 284 215 161 

Karauzyak 1,024 410 264 200 150 

Source (On measures to develop family business in fruit and vegetable growing and viticulture, to 
increase the share of farms in agricultural production 2021). 

• Resolution of the Cabinet of Ministers of the Republic of Uzbekistan No. 155 (04.04.2022) 
“On additional measures for the complex socio-economic development of the territory of the 
Republic of Karakalpakstan in 2022-2026 and further improvement of living standards”, which 
sets targets for the Republic of Karakalpakstan and targeted districts in accordance with 
Table 6. 
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Table 6. Agricultural production and greenhouse targets for 2022-2026. 

Name and Indicator Unit 
Target by Year 

2022 2023 2024 2025 2026 

Republic of Karakalpakstan 
  Volume of vegetable products Tons 322,500 337,800 353,900 371,500 391,600 

  Volume of fruit products Tons 64,800 67,800 71,200 74,800 78,900 

  Establishment of greenhouses Hectares 84 128 215 281 292 

Bozataw 

  Volume of vegetable products Tons 2,600 2,700 2,800 2,900 3,100 

  Volume of fruit products Tons 700 700 800 800 800 

  Establishment of greenhouses Hectares 10 12 12 10.2 6.2 

Kegeyli 
  Volume of vegetable products Tons 7,500 7,800 8,200 8,600 9,100 

  Volume of fruit products Tons 1,800 1,800 1,900 2,000 2,100 

  Establishment of greenhouses Hectares 8 10 18.3 35 53 

Chimbay 

  Volume of vegetable products Tons 24,400 25,700 26,800 28,100 29,600 

  Volume of fruit products Tons 2,900 3,000 3,200 3,300 3,500 

  Establishment of greenhouses Hectares 0 8 16 20 4 

Karauzyak 

  Volume of vegetable products Tons 6,200 6,400 6,700 7,000 7,400 

  Volume of fruit products Tons 900 900 1,000 1,000 1,100 

  Establishment of greenhouses Hectares 0 8 2,7 9,7 0 

Source (On additional measures for complex socio-economic development of the territory of the 
Republic of Karakalpakstan in 2022-2026 and further improvement of living standards 2022). 
 

• Resolution of the President of the Republic of Uzbekistan No. 4803 (08.11.2020) “On 
measures to implement the project ‘Agricultural modernization of the Republic of Uzbekistan’ with 
the participation of the International Bank for Reconstruction and Development and the 
International Development Association” which targets the volume of exports of fruit and 
vegetable products for 2021 – 2025 within the framework of the project in accordance with 
Table 7. 

Table 7. Volume of exports of fruit and vegetable products for 2021 – 2025.  

Name 

2021 2022 2023 2024 2025 

Tons 
(thousand) 

USD 
(million) 

Tons 
(thousand) 

USD 
(million) 

Tons 
(thousand) 

USD 
(million) 

Tons 
(thousand) 

USD 
(million) 

Tons 
(thousand) 

USD 
(million) 

Republic of 
Karakalpakstan 

51 26 62 32 75 38 90 46 109 56 

Annual Growth (%) 21.57% 20.97% 20% 21.11% 

Source (On measures to implement the project 'Agricultural modernization of the Republic of 
Uzbekistan' with the participation of the International Bank for Reconstruction and Development 
and the International Development Association 2020). 
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In addition, this analysis aims to support as evidence for implementing integrated, green, and 
infrastructural adaptation measures in strategies, plans, and frameworks under development for 
Karakalpakstan and Uzbekistan, including: 

• The Aral Sea Development Strategy under development by the State Committee of the 
Republic of Uzbekistan for Ecology and Environmental Protection (SCEEP). This program 
aims to conserve the ecology and biodiversity and promote green growth in the region, 
thereby improving the Aral Sea region population’s social conditions and economic 
livelihoods. The strategy will promote the introduction of advanced and innovative climate-
smart technologies, create an enabling environment for private sector development, and 
identify priority green financing modalities. The strategy will complement the priorities 
identified in the Ministry of Investment and Foreign Trade’s ‘Aral Sea Integrated Investment 
Roadmap’, and other key policy directives and development targets set for sustainable 
development in the Aral Sea Region.  

• The Green Growth Strategic Framework (GGSF) under development by the Inter-Agency 
Council led by the Minister of Economic Development and Poverty Reduction as the 
overarching body responsible for the implementation of the 2019-2030 Green Economy 
Transition Strategy. As recognized under the GGSF, an integrated landscape management 
(ILM) approach is needed to connect agricultural production systems, ecosystem services, 
productivity and efficiency, and economic diversification. Therefore, measures for the 
development and approval of landscape management plans that enable a sectorial shift 
towards sustainable landscapes are encouraged in the GGSF. 

• The implementation of the nationwide “Green Land” project aiming at increasing tree 
plantations as mentioned in Presidential Decree No. 46 (30.12.2021) “On measures to 
accelerate planting work and further effective organization of tree protection in the 
Republic”. 
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3. CONTEXT OF AGRICULTURE IN KARAKALPAKSTAN 

3.1. Resource management, inputs and outputs 

In the Republic of Karakalpakstan, natural resources, including soil, water, and forests have been 
largely degraded due to agricultural practices (Couetil and et al. 2020). The conversion of forest land 
into arable land, promoted by the technical package of motorization, mechanization and high 
chemical utilization (Couetil and et al. 2020), led to degradation, erosion, and increased salinity of 
natural resources in the region (UNECE 2020). Additional resources, specifically labor, faces 
challenges in the Republic of Karakalpakstan regarding availability and weak human capacity (UNDP 
2017).  

Regarding soil management, in Uzbekistan and Karakalpakstan the average use of mineral fertilizers 
(233 kg/ha) is higher than the world average (141 kg/ha) (UNECE 2020), which makes fertilizers a 
significant operational expense for farmers in the Aral Sea region (Couetil and et al. 2020). The high 
consumption of fertilizers is a precondition for agricultural production on irrigated lands because of 
problems triggered by poor irrigation techniques that causes the loss of nutrients (mostly nitrogen 
and phosphorus) from the soil. Since 1970s, fertility renewal has relied on the use of synthetic 
fertilizers and currently, soil fertility would be very low without the use of them. Large-scale cotton 
monoculture without applying adequate crop rotation measures has aggravated soil degradation 
(UNECE 2020). 

 

Regarding water management, agriculture is by far the biggest water user. Roughly 90% of the 
surface water is used for agriculture each year (UNECE 2020). In Karakalpakstan, due to the hot 
and dry climate, almost all cultivated area must use irrigation for crop growing. With the expansion 
of irrigated land under intensive agriculture plans in the Soviet era, the average annual water use 
increased to 14,000 m3/ha from less than 8,000 m3/ha before large-scale irrigation was 
implemented. Such excessive irrigation coupled with inadequate drainage caused large-scale land 
degradation and water quality deterioration, particularly in the Aral Sea region (Qadir, Noble and et 
al. 2009). According to recent studies conducted in Uzbekistan, the efficiency of surface irrigation 
(major irrigation scheme) is low and reaches not more than 60% (Djumaboev and et al. 2019). 
Despite the support from the Government in the past decade, water-saving irrigation technologies 
have not been widespread enough and are not expanding at an adequate pace (UNECE 2020). In 

Box 2. Mineral Fertilizers in Karakalpakstan. 

Most common mineral fertilizers and norms of use for vegetables and orchards: 

• Nitrogen mineral fertilizers: ammonium sulfate (in bags) and ammonium sulfate granulated 
(premium grade in bags).  

o For vegetables – avg. 480 kg/ha. For orchards – avg. 120 kg/ha. 
• Phosphoric mineral fertilizers: superphosphate (in bags).  
o For vegetables – avg. 1,130 kg/ha. For orchards – avg. 80 kg/ha. 
• Potassium mineral fertilizers: potassium chloride (in bags or bulk). 
o For vegetables – avg. 170 kg/ha. For orchards – avg. 30 kg/ha. 

Source: Field data collection and technological flowchart of cultivation of agricultural crops and 
production published by the Ministry of Agriculture of the Republic of Uzbekistan (2016). 
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the Republic of Karakalpakstan, water availability varies from year to year as a result of climatic 
hazards and numerous hydraulic developments built on the Amu Darya upstream from the Aral Sea 
region (Couetil and et al. 2020). Besides these interannual variations of water accessibility, a water 
use tax has been created and implemented in order to create incentives for control and better use 
of water quantity. Given the lack of financial resources of farmers to pay for this tax, the aimed 
impact and payment scheme have been largely ineffective (UNECE 2020).  

Apart from the pressure with respect to water quantity, there are also concerns about water quality. 
In Uzbekistan, saline groundwater is the largest contributor to soil salinization, especially for the 
Republic of Karakalpakstan. In the downstream arid zone of the Aral Sea, analyses have shown that 
at two main soil salinity levels (low salinity <0.58 dS/m and medium salinity >1.26 dS/m)4, 
groundwater salinity varied between 2.92 dS/m and 5.96 dS/m from spring to summer, while 
irrigation water salinity varied between 1.02 dS/m and 1.98 dS/m (Toderich 2015). In addition, due 
to the widespread practice of ‘washing’ the fields with water after harvest and before sowing to 
decrease soil salinization, water goes back to irrigation channels and rivers containing pesticides and 
other pollutants. This practice is the source of secondary salinization and has contributed to toxic 
sandstorms from the Aralkum Desert (UNECE 2020). 

In terms of forest management, the use and management of trees to counterbalance the ecological 
landscape demise in the Aral Sea region is inadequate. Fruit trees are mostly planted in the region 
motivated by additional income sources and food baskets without recognition of the additional 
ecosystem services that they provide. During the Soviet era, trees as windbreaks were planted on 
agricultural land and to protect pastures. After 1992, this practice stopped almost completely, 
probably as a result of the change in management, the liquidation of multiple organizations, and the 
transformation of collective and state farms into shirkats5 and dehkan farms6, but mainly due to the 
absence of resources to protect forests and promote tree plantation. In the Aral Sea region, lack of 
training of the farming population and reduced capacities of the forestry administration and their 
staff resulted in many underperforming “goodwill” efforts (Worbes and et al. 2006). It is just since 
2017 that forest management regained importance with the establishment of the State Committee 
on Forestry of the Republic of Uzbekistan (GGGI 2022). In addition, government and international 
assistance has been provided in recent years to support planting protective forests, but further 
efforts are required by the region to tackle climate change and SDS challenges as presented in the 
Climate Resilient Green Growth Assessment (first component of the GRIPS).  

Regarding labor resources, in the Republic of Karakalpakstan around 780,000 people form part of 
the economically active population. This represents around 73% of the total labor resources in the 
region, most of them involved in the agriculture sector (MIFT 2021). In the region, the proportion 
of economically active population is less than the average for Uzbekistan. In addition, a fairly large 
number of people work under informal conditions (UNDP 2017). Type of employment in the 
agriculture sector can take the form of a year-round tractor driver, permanent worker, annual 
piecework contract employee, seasonal worker, day-laborer and day-driver. Depending on the type 

 
4 dS/m = decisiemens per metre – salinity unit of measure. 
5 ‘Cooperative farm’ – state dependent farm enterprises with complex internal structures and management systems 
(Ilkhamov 1998). Shirkats were later dismantled, and their lands passed to be managed by private ‘fermer’ enterprises 
(Trevisani 2007).  
6 ‘Small-scale farm’ – produces and sells agricultural products based on the personal labor of family members (State 
Statistics Committee 2019). 
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of employment, different working time and remuneration arrangements are set between employers 
(farm owners/managers) and employees (Couetil and et al. 2020). Despite mentioning green jobs 
among the key principles of the Strategy for Transition to Green Economy for the period 2019-
2030, there are no guidelines for the recognition of green jobs in the agriculture sector, as well as 
no data on the number of green jobs and the related environmental/economic sectors in 
Karakalpakstan and Uzbekistan (UNECE 2020).  

 

According to the State Committee of the Republic of Uzbekistan on Statistics, in 2019 the greatest 
amount of arable lands in the Republic of Karakalpakstan were under cotton specialized farms, 
followed by wheat specialized farms, fodder specialized farms, vegetable specialized farms, melon 
specialized farms, fruit specialized farms, and potato specialized farms as presented in Table 8 (State 
Statistics Committee 2019).  

Table 8. Arable land allocation, yield, and estimated production output – Republic of Karakalpakstan. 

Type of Farm 
Area 

(in hectares) 
Average Yield 

(kg/ha) 

Estimated Agricultural 
Output 

(kg) 
Cotton specialized farm 88,600 (Yield not reported) - 
Wheat specialized farm 62,700 3,200 200,640,000 
Fodder specialized farm 20,300 - - 

Vegetable specialized farm 14,100 13,000 183,300,000 
Melon specialized farm 10,100 11,200 113,120,000 
Fruit specialized farm 9,500 10,700 101,650,000 

Potato specialized farms 5,100 9,000 45,900,000 

Livestock specialized farms 
1,095,300 heads of 

livestock 
- - 

Source (State Statistics Committee 2019). 

According to the Ministry of Agriculture of the Republic of Uzbekistan, the total area of agricultural 
land in the Republic of Karakalpakstan is 3,260,326 ha, of which arable land represented 414,806 
ha, perennial forests 7,808 ha, damp land 9,451 ha, pastures 1,717,508 ha, and other agricultural 
land 1,600,284 ha (MoA 2021). Table 9 presents the structure of placement of agricultural crops in 
the Republic of Karakalpakstan in 2021.  

Box 3. Green Job 

A green job is broadly defined as any decent job that contributes to preserving or restoring the 
quality of the environment, whether is in agriculture, industry, services or administration 
(UNECE 2020).  

For GGGI, green jobs refer to the employment created from green growth interventions, 
including sustainable agricultural practices and climate-smart practices, and include 
employments in the environmental services and goods industry. Green jobs should follow the 
‘decent job’s criteria’, which include one or more of the following: a) adequately monthly wage, 
b) work stability and security, c) occupational hazard level involved, c) decent working hours, 
and d) availability of social protection schemes (e.g., social security). Work that uses child labor 
and bounded labor do not qualify for decent job. 
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In Uzbekistan, the agricultural sector is the second biggest emitter of greenhouse gases (GHGs) 
(UNECE 2020). Total emitted pollutants into the atmosphere in the Republic of Karakalpakstan were 
37,200 tons for 2019 and 28,900 tons for 2020 (The State Committee of the Republic of 
Uzbekistan on 2021). Unfortunately, there are no available figures for GHG emissions for the 
agriculture sector in the Republic of Karakalpakstan. 

Table 9. Placement of agricultural crops in the Republic of Karakalpakstan in 2021. 

Main Agricultural Land Re-sowing Land Agroforestry Land 
297,276 ha 24,861 ha 5,343 ha 

Land given to young people – 25,200ha; 
industrial crops (cotton) – 86,291 ha; grain 
crops – 53,000 ha; fodder corn – 8,165 ha; rice 
– 37,237 ha; legumes – 4,520 ha; oilseed crops 
– 28,370 ha; vegetables – 9,448 ha; gourds – 
5,034 ha; potatoes – 3,100 ha; fodder crops 
54,803 ha; other crops – 2,990 ha; perennial 
trees – 4,317 ha; vineyards – 2,453 ha; and 
mulberry – 204 ha. 

Vegetables – 2,270 ha; 
potatoes – 150 ha; 
oilseeds – 5,200 ha; 
fodder corn – 620 ha; 
legumes – 4,700 ha; 
rice – 10,000 ha; and 
fodder crops – 1,021 
ha. 

Includes 3,340 ha under orchards 
and 2,003 ha under vineyards. Of 
these, 127 ha with tomatoes; 104 
ha with cucumber; 53 ha with 
carrots; 300 ha with onion; 40 ha 
with cabbage; 30 ha with greens; 40 
ha with eggplant; 100 ha with 
potatoes; and 100 ha with legumes. 

Source (MoA 2021) 

3.2. Climate change, salt and dust storms, and food security 

Ensuring a sustainable development for the agriculture sector in the Republic of Karakalpakstan has 
its own specific considerations related to the state of land and water resources, climate change, the 
desiccation of the Aral Sea, and the need to ensure food security. As observed in Figure 3, the 
Republic of Karakalpakstan is subject to the global impacts of climate change, the impacts of regional 
climate change and dust storms due to the shrinkage of the Aral Sea, the increased stress from 
hydrological and environmental changes, and the high dependency on agricultural activities (Zoi 
Environment Network 2015).  

 

According to UNDP’s food security research in the Republic of Karakalpakstan in 2017, local 
producers were able to meet the existing demand for food products, and only a relatively small share 
of products were imported from other regions as needed7. However, the assessment found that for 
60% of the households the affordability of food products was low. The total/aggregate income of 

 
7 Main imported products included vegetables, fruits, flour, vegetable oil, confectionaries, among others. 

Box 4. Food security and climate change 

Food security is when all people, at all times, have physical & economic access to sufficient, safe 
and nutritious food which meets their dietary needs and food preferences for an active and 
healthy life (FAO 2006). 

Climate change impact is reflected in terms of food availability (the availability of sufficient 
quantities of food of appropriate quality, supplied through domestic production or imports), food 
access (economic and physical access to food influenced by income, markets, prices), food 
utilization (utilization of food through adequate diet, clean water, sanitation and health care to 
reach a state of nutritional well-being), and food stability (the time dimension of food security – 
access to food at all times) (FAO 2006). 
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the families did not cover the cost of the consumer basket. The study also found that the region is 
characterized by a low consumption of meat, milk and dairy products, eggs, potatoes, and fruits8. 
This suggested an irregularity in the rational consumption levels with primarily limited proteins and 
vitamins in dairy intake. The assessment concluded suggesting the production of food imported 
from other regions (vegetables, fruits, flour, vegetable oil, confectionaries) and the need for a radical 
improvement of the agriculture in rural areas in order to consider the region’s climatic and natural 
features (UNDP 2017). It is emphasized the need to improve the agricultural production based on 
adaption measures against climate change and the desiccation of the Aral Sea in order to ensure 
food security.  
 
On the basis of future changes in agro-climatic conditions, several effects of climate change on 
agriculture in Uzbekistan and in the Republic of Karakalpakstan are expected (See Climate Resilient 
Green Growth Assessment). Predicted risks are associated with a decrease in agricultural 
productivity, affecting mainly food availability and food stability. According to the Center of 
Hydrometeorological Service of the Republic of Uzbekistan the predicted risks are ranked as follows: 
1) Increasing moisture deficiency will stimulate crop’s demand for irrigation, but shortage of water 
resources may lead to water stress and consequently, to decrease in yields; 2) increase in number 
of days with high air temperatures, together with a decrease in soil moisture content, may lead to 
considerable yield losses; 3) increase in air temperatures and duration of vegetation period will 
require a revision and correction of the current cropping pattern, with yield losses if the pattern is 
not adjusted; and 4) variability in the starting dates of vegetation period may significantly reduce 
crop productivity due to untimely implementation of crop operations (Uzhydromet 2016).  
 
Data analyses support the conclusion that the historical trend in temperature will accelerate in the 
country and in the Republic of Karakalpakstan in the near future. Even though there is uncertainty 
in the degrees of warming that will occur, the overall trend is clear and evident for the Aral Sea 
region. The changes in temperature and precipitation due to climate change will have an impact in 
yields for most crops, as mentioned above. In the Republic of Karakalpakstan, estimations predict a 
significant impact on the major crops produced in the region in the next 40 to 50 years (See Table 
10). In 2013, the World Bank reported that farmers were not adequately adapted to the current 
climate, particularly regarding the efficient use of irrigation water. The “adaptation deficit” was 
considered substantial for several high-value crops, especially considering that competition over 
water resources will increase with higher temperatures. At that time, high-priority adaptation 
measures recommended included the optimization of water application efficiency, particularly for 
vegetable crops, and the know-how to cultivate crops effectively for high yield, among others 
(Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate Change 
2013). These adaptation measures continue to be high-priority and are emphasized in the 
“Agriculture Development Strategy for the Republic of Uzbekistan for 2020-2030” [Refer to 
Agriculture Sector in Uzbekistan and Karakalpakstan – Legal & Political Framework Review (GGGI 
2022)].   
 
Table 10. Effects of climate change on crop yield 2040-2050, including effects of reduced water 
availability, in the Republic of Karakalpakstan. 

 
 

Scenario 
Crop Low Impact Medium Impact High Impact 

Alfalfa -13% -16% -28% 

 
8 Based on the calculation of the food consumption adequacy coefficient – actual consumption of food products versus 
the minimum consumption recommended by the Ministry of Health.  
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Yield 
Impact 

(% 
change) 

Apples -23% -22% -39% 
Cotton -19% -20% -31% 

Potatoes -22% -21% -37% 
Tomatoes -21% -23% -38% 

Winter wheat -13% -20% -32% 
Spring wheat -18% -22% -41% 

Note: The high-impact climate scenario has the strongest impact, with less rainfall and higher evapotranspiration 
due to the higher temperature projection. For the medium- and low-climate scenarios, the impact of climate 
change is a little less severe that the high-impact scenario, as these scenarios are less pessimistic in terms of rainfall 
projections. Further details are presented in Annex 2. 

Source (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate 
Change 2013). 
 
The loss of the Aral Sea not only transformed the surrounding environment triggering soil and air 
degradation and desertification, but it resulted in the loss of livelihoods, malnutrition, poor health, 
and migration issues. The resulting effect has had negative economic and social consequences. In 
terms of food security, food availability, access, utilization, and stability have been and will be 
impacted as well. The people from Central Asia have been historically affected by salt and dust 
storms (SDS) due to the presence of the Kyzylkum and Karakum Deserts. However, human activity 
has exacerbated the frequency and intensity of SDS through the unintentional creation of the 
Aralkum Desert (seabed of the former Aral Sea). The chemical composition of sand and dust 
originated from the Aralkum is dominated by higher salt concentrations compared to those deriving 
from the Kyzylkum Desert. Spatially, the distribution of salt and dust transfer occurs in the south 
and southwest directions, affecting mostly ecosystems, irrigated and populated areas of 
Karakalpakstan and Khorezm province in Uzbekistan (Akramkhanov, Strohmeier and et al. 2021).   
 
SDS generated by the former Aral Seabed have led to off-site effects due to wind erosion exposure, 
including health impacts and crop production losses valued on average at USD 11.6 million per year. 
Production losses for all major crops grown in Karakalpakstan are estimated on average at USD 9.9 
million per year (See Table 11), equivalent to approximately 0.45% of Karakalpakstan’s 2019 GDP. 
Considering the predictions of the temperature rise in Central Asia above global mean values, 
ongoing desertification and socio-economic pressure on communities in the Aral Sea region might 
be worsened (Akramkhanov, Strohmeier and et al. 2021). 
 
Table 11. Estimated specific crop value lost due to salt and dust storms from the Aralkum Desert. 

Crop 
Estimated Annual Average Loss 

(of total production) 
All grains 2.05% 
Cotton 2.06% 

Potatoes 1.99% 
Vegetables 1.89% 

Melons and gourds 2.14% 
Fruits 1.28% 

Grapes 1.70 
Source (Akramkhanov, Strohmeier and et al. 2021). 
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3.3. Agricultural Stakeholders 

In the Republic of Karakalpakstan, stakeholders involved in the agriculture sector include agricultural 
input suppliers, farmers, intermediaries, agricultural retailers and wholesalers, and supportive and 
regulatory sectoral institutions. At the production level, the main stakeholders are farmers. In 
Uzbekistan, three major organizational types of agricultural production are differentiated according 
to the Law on Dehkan Farms (1998) and the Law on Farms (2004): homestead landowners 
(producing on household plots), dehkan farms and private farms. In official statistics of the 
agriculture sector in Uzbekistan, homestead landowners and dehkan farms are presented as one 
category, with an additional category called organizations conducting agricultural activities (UNECE 
2020). According to the statistical book ‘Agriculture of Uzbekistan 2019’ published by the State 
Committee of the Republic of Uzbekistan on Statistics, only three types of farms9 are defined: 

1) Private farm – an independent economic entity that conducts commercial agricultural 
production using land plots that are leased (based on an open tender for up to 50 years, but 
not less than 30 years). 

2) Dehkan farm – a small-scale family farm that produces and sells agricultural products based 
on the personal labor of family members on a household plot of land granted to the head of 
the family for life as an inherited possession. Activities in dehkan farms are business activities 
and can be carried out at the request of members of the dehkan farm with or without the 
formation of a legal entity.  

3) Organization engaged in agricultural activities – a legal entity that has land under its 
economic management, as well as other separate property that produces crop and livestock 
products and services. 

Following the independence of Uzbekistan, the country went through several waves of farm 
restructuring and land allocations. In January 2019, Uzbekistan started a new farming restructuring 
seeking to optimize the use of farmland (Zorya and et al. 2019). The latest change, prescribed by 
the 2019 Resolution of the Cabinet of Ministers No. 1410, affected the typology and size of farms. 
According to the report ‘Uzbekistan Agri-Food Facts & Trends 2020/2021’ the minimum area for 
different farm types is currently allocated in the following amounts: for cereal and cotton farms, the 
minimum land size is at least 30 ha; for farms growing cereals and vegetables, 10 ha; for orchards 
and vineyards, 3 ha; and for farms growing vegetables and gourds, 3 ha (ISCAD 2022). Dehkan 
farms’ size ranges from 0.06 ha to 1 ha, regardless of the type of their (main) crops (See Box 4), 
while areas for homestead landowners range from 0.09 to 0.11 ha (ISCAD 2022). In addition to the 
technical-economic orientation and the size of the surface area, farms as a whole differ from one 
another in terms of access to water, soil type of the plot/s, and the number of employees and the 
type of workers employed on the farm (family, yearly, seasonal, daily, piecework, etc.) (Couetil and 
et al. 2020). It has been reported that small plots operated by dehkan farms in the country are 
suboptimal. For big farms, there is generally no evidence of economies of scale in primary 
agriculture, and any gains from them are easily lost by extra monitoring costs of wage labor and farm 

 
9 The categories of farms used in official statistics do not always reflect the reality. Agricultural statistical data should 
be considered with care, a type of farm ‘on the statistical book’ may hide various production systems in reality, and 
even a more complex production structure (Couetil and et al. 2020). 
10 ‘On additional measures to optimize the land plots of farms and other agricultural enterprises and effective use of 
cultivated areas in agriculture’. 
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management. These factors have highlighted the importance of individual incentives for farm 
efficiency (Zorya and et al. 2019). The Third Environmental Performance Review also mentions that 
dehkan farms have benefited the most from the intensification of agricultural production through 
the application of new agricultural techniques (e.g., greenhouse production) and the introduction of 
new crops. The Government has also recognized the potential gains in agricultural production by 
cooperatives and introduced clusters as forms of cooperative production (UNECE 2020). 

 

The majority of private farms are specialized in the cultivation of cotton and wheat (See Table 12). 
These farms are differentiated by the choice of crops on 25% of the surface area (75% assigned to 
cotton and wheat production – following a quota production system (formally abolished, informally 
prevalent). Private farm managers employ a large number of workers, with employment conditions 
depending on the nature of work performed (Couetil and et al. 2020). Starting from 2022, private 
farms are required to transform into multidisciplinary farms11, meaning that along the production of 
agricultural products, farmers should also engage in processing, storage, and sale of agricultural 
products, industrial production, services, and other activities not prohibited by law (ISCAD 2022). 

Dehkan farms used to follow more traditional and organizational terms of production and varieties 
of crops grown. Nevertheless, dehkan farms have benefited from the Government’s agricultural 
diversification policies and measures for intensifying their production. Dehkan farms are the main 
agricultural producers in the country, even though private farms are the largest entities. Dehkan 
farms have become the front-runners in the agricultural sector (UNECE 2020). 

Table 12. Land allocation for agricultural production according to the type of farm in the Republic 
of Karakalpakstan. 

Type of Specialized Farm 
Area (in hectares) 

Private Farms Dehkan Farms Organizations 

Cotton specialized farm 88,300  300 

Wheat specialized farm 52,000 9,900 800 

Fodder specialized farm 16,000 3,100 1,200 

Vegetable specialized farm 6,000 7,900 200 

Melon specialized farm 4,300 5,600 200 

Fruit specialized farm 3,600 4,500 1,400 

Potato specialized farm 1,800 3,200 100 

Source: (State Statistics Committee 2019). 

 
11 According to Presidential Decree No. 5199 (October 9, 2017). 

Box 5. Additional land for production for dehkan farmers. 

According to the second part of Article 8 of the ‘Law of the Republic of Uzbekistan “On dehkan 
farms” (No. ZRU-680 dated April 1, 2021)’ – For conducting dehkan farming, farms or other 
agricultural enterprises may sublease (without the right to transfer to third parties) part of 
agricultural land freed from the main crop for a period of up to one year for intermediate sowing 
of agricultural crops in the amount of 0.06 hectares to 10 hectares (Law About Dehkan Farm 
2021). 
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Homestead landowners’ agricultural activity is limited to the plots directly attached to their houses; 
therefore, their production is categorized as small-scale (UNECE 2020). Main crops cultivated 
include vegetables and fruit trees, which are primarily intended for family consumption. Crop 
exchanges are extremely frequent between families in the same village and are often monetized. 
Most adults have a paid work in addition to this micro-farming activity, consequently, it is usually 
the women who take care of it (Couetil and et al. 2020).  Agricultural activities (production and 
processing) in homestead or household plots are considered as subsidiary farming12. According to 
the Law, subsidiary farming is not an entrepreneurial activity, and state registration is not required. 
Agricultural products grown (processed) on household plots are private property.  

The establishment of organizations engaged in agricultural activities respond to a top-down initiative 
of the Government applied in some pilot areas for cotton production (UNECE 2020). Currently,  
organizations do not have much presence in agricultural production; however, they have remarkably 
developed in recent years (JICA, 2019). Table 12 (above) presents the land allocation in the Republic 
of Karakalpakstan for organizations according to farm specialization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
12 Law of the Republic of Uzbekistan about Subsidiary Farming approved by the Senate on March 12, 2021.  
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4. SCOPE OF ANALYSIS 

4.1. Geographical Scope 

The spatial area of interest for this analysis is the project area targeted under the Aral Sea GRIP 
Project. Consequently, the geographical scope includes Bozataw, Karauzyak, Kegeyli and Chimbay 
districts from the Republic of Karakalpakstan (See Figure 4). The need to define a spatial boundary 
follows the recommendations of the 3Returns Framework in order to better quantify and assess the 
potential impacts of current practices and green interventions.  

Figure 4. Defined study area under analysis (colored in grey). 

No. Districts 
1 Nukus city 
2 Amudarya 
3 Beruni 
4 Bozataw 
5 Kanlikul 
6 Karauzyak 
7 Kegeyli 
8 Kungrad 
9 Muynak 

10 Nukus 
11 Takhiatash 
12 Takhtakupir 
13 Turtkul 
14 Khodjeyli 
15 Chimbay 
16 Shumanay 
17 Ellikkala 

 

Within the four districts, the agricultural landscape is similar. Agricultural production is conducted 
around and within villages. The villages, consisting mostly of homestead land, have a geometrical 
distribution demarked by a network of irrigation and drainage canals as well as roads. Villages are 
surrounded by large farm plots mostly dedicated for mechanized and specialized agriculture.  

Within villages (inside the black circle in Figure 5) small-scale agriculture is conducted by homestead 
landowners with the plot distributed between a house, a horticulture area, and a space for farm 
animals. Surrounding and close to the villages (outside the black circle in Figure 5), large plots have 
been subdivided for orchards and vegetable production, mostly handled by dehkan farmers. Large 
plots outside villages, largely used for cotton and wheat, come after and are handled mainly by 
private farmers. Outside the village, large plots are also distributed geometrically, demarked by the 
local topography and primary and inter-farm (secondary and tertiary) irrigation and drainage canals. 
Figure 5 presents an example of the agricultural landscape of Kegeyli Village in Kegeyli District. 
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Figure 5. Agricultural landscape of Kegeyli Village in Kegeyli District. 

 

Source: Taken from (Google Earth 2021) (Kegeyli Village 42°46’15’’N 59°36’27’’E). 

4.2. Agricultural Subjects of Analysis 

Among the stakeholders identified, and following the objectives and methodology of this analysis, 
the following key stakeholders (See Table 13) have been identified and selected for assessing the 
investment impact from implementing infrastructural adaptation measures defined below.  

Table 13. Key stakeholders selected (colored in yellow) for the investment analysis following the 
3Returns Framework. 

Value Chain Stage Stakeholder Activity 
Inputs Agricultural input provider Provide fertilizers, pesticides, machinery 

Production 

Cotton 
Private farmers 

Cotton production 
Organizations 

Food Crops 

Homestead landowners 

Food production 
Dehkan farmers 
Private farmers 
Organizations 

Livestock 
Homestead/Dehkan 

Livestock management Private farmers 
Organizations 

Processing and distribution 
Off-takers and processors Trade, storage, and processing 
Retailers & wholesalers Commercialization 

External to the value chain 
Supportive institutions Financing, advisory, technical assistance 
Regulatory institutions Control, set incentives 
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4.3. Infrastructural Adaptation Measures at the Production Level  

World Bank’s vulnerability assessment of Uzbekistan’s agricultural systems to climate change (2013) 
identified and categorized adaptation options in the country as programmatic, farm management, 
infrastructural, and indirect. Programmatic options included investments in programs and policies 
that are targeted specifically at agriculture, for instance, research and development or provision of 
extension services. Farm management options included non-infrastructure farm management 
improvements aimed at improving farm productivity, like for example changing planting dates or 
crop varieties. Infrastructural options included infrastructure investments that improve farm 
productivity and/or reduce variability. Finally, indirect options included broad investments in 
programs, policies, and infrastructure that indirectly benefit agriculture, for instance, road 
improvements (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to 
Climate Change 2013). Among infrastructural options, the study identified the following ones: 

Table 14. Infrastructural adaptation options in Uzbekistan. (Options under analysis colored in 
yellow). 

Category Adaptation measure and investment 

Farm protection 

Hail protection systems (nets) 
Install plant protection belts 
Lime dust on greenhouses to reduce heat 
Vegetative barriers – windbreaks 
Move crops to greenhouses 
Smoke curtains to address late spring and early fall frosts 
Build or rehabilitate forest belts 

Livestock protection 
Increase shelter and water points for animals 
Windbreak planting to provide shelter for animals from extreme weather 

Water management 

Enhance flood plain management 
Construct levees 
Drainage systems 
Irrigation systems: new, rehabilitated, or modernized (drip-irrigation) 
Water harvesting and efficiency improvements 

Source (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate 
Change 2013). 

Building on World Bank’s identification and assessment efforts, and considering the key 
stakeholders selected for this analysis, three infrastructural adaptation options (colored in yellow) 
are considered for the investment analysis, tree windbreaks, greenhouses, and drip-irrigation 
systems. The selection of these three options respond to the priorities and objectives identified and 
set by the government, the experience and efforts of development partners in Uzbekistan and in 
the Aral Sea region, and the evidence of effectiveness of these options against the multiple 
challenges faced in the region. For reference, detailed investment information about these three 
infrastructural adaptation measures is presented in Annex 2. 

4.3.1. TREE WINDBREAKS 

Trees may function to produce fruits, as a source of fodder, and as a source of firewood and 
construction materials. However, trees also support stabilizing soils and controlling erosion, they 
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stimulate productivity, and if planted in a systematic way, they can provide wind protection. It is 
acknowledged that windbreaks significantly increase the yield of crops in sheltered fields as 
highlighted by various research studies conducted in Uzbekistan (Worbes and et al. 2006). The 
territory of the Republic of Karakalpakstan suffers from strong winds, dust storms and garmsels (hot 
dry winds), which affect agriculture by decreasing soil and air humidity, by blowing off the most 
fertile soil layer, and by destroying crops. Tree windbreaks play a positive role in microclimatic 
change and protection of neighboring fields. Winds can lose from 50% up to 80% of their velocity 
when facing optimally designed strips of trees. As a result, relative air humidity can rise between 1% 
and 13% while air and soil temperatures can drop by 1.5-2.0°C and 3-4°C respectively. The average 
increase in crop yield of the adjacent agricultural land has been reported at 10% to 20% under an 
optimal structure and after the trees in the windbreaks have reached their final height (Worbes and 
et al. 2006).  

The construction of effective windbreaks needs to follow some ‘architectural’ guidelines to achieve 
optimal protection (Worbes and et al. 2006). Windbreaks generally consist of one or more rows of 
trees placed along the windward side of a field. The distance between the rows is recommended to 
be about 10 times the height of mature trees. Winds can come from several directions, which can 
make one-directional windbreaks of little value and for which a pattern (squares or two-directional 
combinations) are needed to provide protection (USDA 2012). In Uzbekistan, long-term studies and 
practices establishing protective tree belts have led local practitioners to recommend that 0.5-1.0% 
of land affected by weak winds, as well as 1.5-3.0% of land affected by moderate and strong winds, 
must be reserved for windbreaks (Worbes and et al. 2006).  

4.3.2. GREENHOUSES 

According to the ‘Guide on Development of Hothouses and Greenhouses in Karakalpakstan’ (UNDP 
2017), one of the most profitable and acceptable mechanism, both commercially and economically, 
for resource- and water-saving at the production level is the construction of greenhouse facilities. 
Moving crops to greenhouses ensures the production of environmentally friendly products, a more 
frequent harvesting, it prevents overheating of plants, and allows establishing the optimal 
temperature and humidity for production (UNDP 2017). In Uzbekistan, development partners have 
promoted growing high-quality seedlings and vegetables using greenhouses with drip-irrigation 
systems with the objective to improve nutritional security and increase income of rural farmers in 
harsh climatic conditions (FAO 2021). In the Republic of Karakalpakstan, the United Nations 
Development Programme (UNDP) has supported the construction of 564 greenhouses in order to 
address climate change and ensure food security (UNDP 2020).  

By 2017, it was reported in Karakalpakstan the existence of 22,000 greenhouses on household plots 
and dehkan farms with a total area of 384 hectares (with a greenhouse average size of 175 m2) 
(UNDP 2017). Cultivation of crops such as tubers, berries, and vegetables under greenhouses has 
improved their productivity (2.6 times on average) and quality, allowing farmers to gain competitive 
advantage in local markets. In the Aral Sea region, production under greenhouses (glass or 
polycarbonate film) protects plants from adverse weather conditions, pests and diseases, but also 
from chemical contaminants that are spread through salt and dust storms (UNDP 2017).  

4.3.3. DRIP-IRRIGATION SYSTEMS 

The implementation of on-farm drip-irrigation systems was a measure identified and prioritized by 
the World Bank Study for Reducing Uzbekistan’s Vulnerability of the Agriculture Sector to Climate 
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Change in 2013. The prioritization responded to the results of the cost-benefit analysis of drip-
irrigation systems in different agro-ecological zones. In the Republic of Karakalpakstan, the 
assessment across different scenarios and projection of variables resulted in high benefit to cost 
ratios for tomatoes, potatoes, and apples. For cotton, the ratio was less than one indicating that 
costs exceeded the benefits (Sutton and et al., Reducing the Vulnerability of Uzbekistan's 
Agricultural Systems to Climate Change 2013).     

A cost-benefit analysis conducted by the NGO Khorezm Rural Advisory Support Service (KRASS), 
located in the Aral Sea region, found that the implementation of drip-irrigation systems provides 
significant water savings estimated at 6,600 m3 per one hectare of wheat and 11,455 m3 per one 
hectare of other crops. The analysis also found significant savings of energy, labor, fertilizers, and 
an improvement in productivity and product quality. The forecasted increase in yield was substantial, 
averaging 40% for all crops. The analysis concluded that the most profitable investment in drip-
irrigation systems is made for garden crops (orchards), for which the payback period is slightly less 
than two years (GEF 2013).   

4.4. Investment Analysis Scope 

The scope of this analysis covers the production of high-value crops (vegetables and fruits) under 
vegetable and orchard farming systems managed by homestead landowners, dehkan farmers and 
private farmers in the area of interest, as well as the potential impact of not introducing and 
introducing drip-irrigation systems, greenhouses (commercial scale), and tree windbreaks in the 
mentioned productive systems. This specific scope responds to the spatial boundary defined, the 
objectives of this analysis, the identified hazards and food security issues, the interventions under 
analysis (infrastructural adaptation measures), and the selected key stakeholders. In addition, the 
investment analysis scope strongly takes into account the current government ambitions described 
in the Objectives, as well as the experience of multiple efforts in the implementation of the above-
mentioned adaptation measures.   

Regarding the implementation of drip-irrigation systems, greenhouses, and tree windbreaks, this 
analysis assesses the investment needs, impacts, and implications of introducing greenhouses (which 
include drip-irrigation systems) in commercial vegetable production (managed by dehkan farmers) 
and the introduction of drip-irrigation systems and tree windbreaks in orchards (managed by 
homestead landowners, dehkan farmers and private farmers). In the case of greenhouses for 
commercial vegetable farms (greenhouse average lifespan - 10 years), private farmers have been 
excluded due to the lack of legal and political support for intensive and diversified production of 
high-value crops which other stakeholders (i.e., dehkan farmers) have been subject to. [See 
Agriculture Sector in Uzbekistan and Karakalpakstan – Legal & Political Framework Review (GGGI 
2022)]. 

Following this scope, land-use maps were produced in the study area using remote sensing and 
ground truthing (See Data Collection and Maps in Annex 1). Figure 6 and Table 15 present the 
results of the area of vegetable farming, while Figure 7 and Table 16 present the results of orchard 
farming area in the four districts. The commercial vegetable production area under dehkan farm 
management (2021) comes from data received from the Council of Farmers, Dehkan Farms and 
Owners of Household Lands.   
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Figure 6. Area of vegetable production in the study area (2021). 

 

Table 15. Area of vegetable production in the study area and area under dehkan farm management 
(2021). 

District Total Area (in hectares) 
Area under Dehkan 

Management (in hectares)* 

Area under Dehkan 
Management under film (in 

hectares)** 

Bozataw 5,715 315 39 

Kegeyli 41,286 1,402 174 

Chimbay 38,249 1,705 221 

Karauzyak 30,088 383 47 

Note: *Data for 2021. **Data for 2021 and refers to crops covered with film in open field.  
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Figure 7. Area of orchard farming in the study area (2021). 

 

Table 16. Area of orchard farming in the study area (2021). 

District Total Area (in hectares) 

Bozataw 8,707 

Kegeyli 54,350 

Chimbay 34,231 

Karauzyak 26,356 
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5. Valuation 

5.1. Baseline 

According to the 3Returns Framework, in order to assess the impacts of green growth interventions 
or investments, it is necessary to clearly define a starting point, or benchmark, that will allow to 
analyze the potential changes in capitals’ stocks and flows, as well as external impacts such as climate 
change and, in this case, SDS.  

Primary data collection, available secondary data, and satellite image interpretation (See Annex 1 & 
2) were used to establish a baseline that has allowed analyzing the implementation of infrastructural 
adaptation measures in vegetable production areas and in orchard farming areas following the scope 
describe above. Table 17 presents the results of the baseline valuation on which different 
interventions, based on the scenarios described in the following section, have been modeled. 

Table 17. Baseline valuation for vegetable production and orchard farming areas. 

 2021 
Benefits (monetary)  millions USD 
     Value of vegetable production 2,583 
     Value of orchard production 1,613 
  
Operational expenditure (OPEX) millions USD 
    Operational costs for vegetable production 2,117 
    Operational costs for orchard production 1,330 
  
Net Income (million USD) 749 
  
Non-Monetary Benefits Unit 
    Total carbon sequestration (MtCO2 equivalent) 51,076 
    Number of ‘green jobs’ created and maintained annually (# of jobs) 0 
      
Status of Capitals (Output Indicators) Unit 
    Natural Capital (orchard area - hectares) 123,644 
    Natural Capital (area with tree windbreaks - hectares) 0 
    Natural Capital (water savings - average annual km3 while systems in place) 0 
    Social & Human Capital (number people under capacity building) 0 
    Financial Capital (production assets – (PV Million USD 2022) 0 

 
The monetary valuation of economic benefits and operational expenditures for vegetable and 
orchard production systems was done using primary data collected on the ground (See Table 18 
and Table 19). The valuation of economic benefits considered the full monetary value obtained from 
the production systems, in other words, products for self-consumption and commercialization were 
considered in the valuation process. 
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The non-monetary valuation of additional benefits and output indicators for different capitals used 
primary data collected on the ground and secondary information presented in Annex 2. It is 
important to mention that for the baseline, some non-monetary benefits and capitals’ output 
indicators are valued as ‘zero’ but not because there are no existing benefits or already existing 
stocks in place in the study area. They have been valued at ‘zero’ in order to analyze, based on the 
scenarios proposed below, the changes in capitals and benefits attributed to these based on the 
investment in infrastructural adaptation measures under consideration.  

Table 18. Cost-benefit analysis for vegetable production systems (2021). 

Item Value Unit 
   Production area (unit of analysis) 1 Hectare 
   Average productivity 22,898 Kg/ha/year 
   Average price13 0.98 USD/kg 
Gross Income 22,391 USD /year 
   Average vegetable production income 22,391 USD /year 
Operational Costs 18,353 USD /year 
   Average production inputs cost 50% 

Percentage of total 
operational costs 

   Average labor cost14 28% 
   Average other cost15 22% 
Net Income 4,037 USD/year 
Profit Margin 18.03% Percent 

 
Table 19. Cost-benefit analysis for orchard production systems (2021). 

Item Value Unit 
   Production area (unit of analysis) 1 Hectare 
   Average productivity 19,430 Kg/ha/year 
   Average price13 0.67 USD/kg 
Gross Income 13,048 USD /year 
   Average vegetable production income 13,048 USD /year 
Operational Costs 10,759 USD /year 
   Average production inputs cost 33% 

Percentage of total 
operational costs 

   Average labor cost14 38% 
   Average other cost15 29% 
Net Income 2,289 USD /year 
Profit Margin 17.54% Percent 

 

 
13 Exchange rate - Soums/US$ av. 10,610 for 2021. See Annex 2. 
14 Labor costs reflects the opportunity cost of the farmer plus additional labor reported. 
15 Other costs excludes depreciation costs of existing production equipment.  
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5.2. Scenario Modeling 

In order to assess the impacts of climate change and SDS, as well as the impacts from the 
implementation of the infrastructural adaptation measures under consideration, the investment 
analysis has proposed three scenarios.  

The first scenario is a Business as Usual (BaU) scenario, which reflects what would happen if no 
infrastructural adaptation measures were implemented. In addition to this, two green growth 
scenarios are analyzed. The first one is an Intervention Scenario (GGIS) that considers the 
implementation of infrastructural adaptation measures according to the current plans established by 
the government. The second green growth scenario is an Exploratory Scenario (GGES), which 
analyzes the implications of applying infrastructural adaptation measures based on a full-potential 
implementation assumption. For impact assessment purposes, the three scenarios integrate the 
targeted increase in land for fruit and vegetable growing for 2022–2025 according to the Resolution 
of the President No. 20. However, as no specification has been made in terms of the amount of 
land to be allocated under specialized vegetable production or under fruit production (potential 
orchard areas), the increased area has been considered under vegetable production areas in the 
three scenarios.  

In addition, for the GGIS and GGES scenarios, the investment in infrastructural adaptation measures 
follows the 3Returns Framework. This means that investment in greenhouses and drip-irrigation 
systems has been considered as investment in ‘Financial Capital’, while investment in tree 
windbreaks (nature-based solution) has been considered as investment in ‘Natural Capital’. Also, 
capacity development costs for the implementation of these technologies have been considered as 
investment in ‘Social & Human Capital’.  

 

5.2.1. BUSINESS AS USUAL 

The Business as Usual (BaU) scenario builds on the Baseline Valuation of monetary benefits, 
operational expenditures, non-monetary benefits, and output indicators for capitals’ status 
presented above. As previously mentioned, the BaU considers the targeted increase for fruit and 
vegetable growing area for 2022-2025 reflected in the area for vegetable production in the four 

Box 6. Scenarios 

“Scenarios are storylines that describe possible futures. They explore aspects of, and choices about, 
the future that are uncertain” (McKenzie and et al. 2012). Types of scenarios: 

• Business as Usual (BaU): no ‘green’ intervention is modelled (GGKP 2020). 
• Green Growth: one, or multiple ‘green’ interventions are modelled  (GGKP 2020). 

▪ Intervention Scenario: reflects real alternatives being considered in policy and 
management decision. Intervention scenarios are also called policy scenarios, policy 
alternatives or policy options (McKenzie and et al. 2012). 

▪ Exploratory Scenario: investigates possible, but unexpected futures. It explores how 
factors beyond the direct influence might reshape the future. Exploratory scenarios 
are also called possible futures or “what-if” scenarios (McKenzie and et al. 2012). 
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districts (See Table 20). No additional changes, besides climate change and SDS impacts (considered 
in all scenarios), are modeled under the BaU scenario up to 2040.  

Table 20. Investment and changes considered under the BaU scenario. 

 
Year (data per year in ha) 

2021 (Baseline) 2022 2023 2024 2025 2026~2030 

Area of vegetable 
production 

115,338 116,644 117,486 118,124 118,604 118,604 

Orchard farming 
area 

123,644 123,644 123,644 123,644 123,644 123,644 

 

5.2.2. GREEN GROWTH INTERVENTION SCENARIO 

The Intervention Scenario (GGIS) builds on the Baseline Valuation and considers government plans 
expressed through Resolution of the President No. 4912 (drip-irrigation targets for 2022-2023), 
No. 4850 (protective forest plantations for 2022-2030), and Resolution of the Cabinet of Ministers 
No. 155 (greenhouse targets 2022-2026), as well as the targeted increase for fruit and vegetable 
growing areas for 2022-2025 (Resolution of the President No. 20). Regarding the implementation 
targets for drip-irrigation systems and tree windbreaks (protective forest plantations), it has been 
assumed that these interventions will be implemented in areas dedicated for orchards following the 
intended support to be provided by the Aral Sea GRIP Project, which emphasizes the 
implementation of drip-irrigation systems and tree windbreaks as an infrastructural adaptation 
measure for orchard farm areas. The implementation of drip-irrigation systems in orchards also 
responds to the targeted support for 2021 for the four districts under Resolution of the President 
No. 4919 “On measures to further accelerate the organization of the introduction of water-saving 
technologies in agriculture”. This assumption also builds on the successful implementation 
experience of these measures supporting fruit-tree production in the region16.  

Regarding the construction of greenhouses, the Resolution of the Cabinet of Ministers No. 155 
specifies targets for 2022 up to 2026. Unfortunately, there is no specification of the type of 
greenhouses to be constructed. Consequently, information about commercial greenhouses17 (See 
Annex 2) has been used for analyzing the impacts of this target as a response to government targets 
for increased production of vegetable products and the aim to improve export potential. The table 
below summarizes the changes and investment considerations under the GGIS scenario, including 
the consideration of targeted increase area for fruit and vegetable production. Impacts and 
considerations are modeled until 2040. 

 
16 Pilot area with water-saving technologies and tree windbreaks for orchard production in Kegeyli District supported 
by the GIZ Project ‘Sustainable economic development in selected regions of Uzbekistan (Andijan, Surkhandarya, 
Khorezm and Karakalpakstan)’. 
17 Commercial greenhouses include heating systems, drip-irrigation and fertilizer systems, as well as other features 
that allow the intensive production of products under cover (UNDP 2017).  
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Table 21. Investment and changes considered under the GGIS scenario. 

 
Intervention 
(area in ha) 

Year (data per year in ha) 

2021 
(Baseline) 

2022 2023 2024 2025 2026 2027 2028 2029 2030 

Area of 
vegetable 
production 

Increase in 
total area 

115,338 1,306 842 638 480      

Increase in 
greenhouse 

 18 38 46.3 65.2 63.2     

Orchard 
farming 

area 

Increase in 
total area 

123,644          

Increase in 
drip-irrigation 

 1,200 2,100        

Increase in tree 
windbreaks 

 55 54 52 56 56 60 61 66 66 

 

5.2.3. GREEN GROWTH EXPLORATORY SCENARIO 

The Exploratory Scenario (GGES) builds on the Baseline Valuation and is also aligned with 
government plans. However, this scenario takes one ambitious step further and aims to present 
what would happen if the infrastructural adaptation measures were implemented at their fullest 
potential in the study area and following the analytical scope. For this, the potential implementation 
of greenhouses considers the remaining area for vegetable production under dehkan management 
without any form of physical protection (i.e., film protection). The potential implementation of 
greenhouses has been divided between 2022 and 2030, aligned with the ambitions of the 
Resolution of the Cabinet of Ministers No. 155.  

A suitability assessment was conducted for the potential implementation of drip-irrigation systems 
and tree windbreaks following the Aral Sea GRIP Project aimed support. Simple criteria were set for 
estimating the potential area for drip-irrigation systems and tree windbreaks based on primary data 
collected, map layers developed in the project area, and local experience in the implementation of 
these measures. For drip-irrigation systems, the criteria considered orchard farm areas within 0.5 
km distance from main and inter-farm irrigation canals18 (See Figure 8). For tree windbreaks, the 
criteria considered orchard farm areas within 0.5 km distance from main and inter-farm irrigation 
canals, and exposed to wind speed higher than 3.0 m/sec (See Figure 9). The potential 
implementation of drip-irrigation systems and tree windbreaks has been equally divided between 
2022 and 2030. The table below summarizes the changes and investment considerations under the 
GGES scenario, including the consideration of targeted increase area for fruit and vegetable 
production. Impacts and considerations are modeled until 2040. 

 

 

 

 
18 The proper access to water for irrigation through existing canals represents an assumption. The status of irrigation 
canals, the difference in access due to farm conditions, among other characteristics were not considered and are out 
of the scope of this analysis.  
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Table 22. Investment and changes considered under the GGES scenario. 

 
Intervention 
(area in ha) 

Year (data per year in ha) 
2021 

(Baseline) 
2022 2023 2024 2025 2026 2027 2028 2029 2030 

Area of 
vegetable 
production 

Increase in 
total area 115,338 1,306 842 638 480      

Increase in 
greenhouse  369 369 369 369 369 369 369 369 369 

Orchard 
farming 

area 

Increase in 
total area 123,644          

Increase in 
drip-irrigation  5,772 5,772 5,772 5,772 5,772 5,772 5,772 5,772 5,772 

Increase in tree 
windbreaks  3,057 3,057 3,057 3,057 3,057 3,057 3,057 3,057 3,057 

 
Overall, model considerations and assumptions used under each scenario are explained in Annex 2. 
Additional considerations for the implementation of infrastructural adaptation measures (especially 
under the exploratory scenario) have been omitted (e.g., detailed soil quality conditions) considering 
the lack of available information in the project area19.    

Figure 8. Suitable orchard farm areas for drip-irrigation system. 

 

 
19 Additional map layers available in the targeted districts only in physical form.  
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Figure 9. Suitable orchard farm areas for planting tree windbreaks. 

 

Table 23. Summary of changes considered for the three scenarios to be modelled up to 2040. 

 
Increase (in hectares) 

Scenarios & Interventions (2022 - 2030) 

BaU GGIS GGES 

Area of 
vegetable 

production 

Total increase in total area 3,266 ha 3,266 ha 3,266 ha 

Total increase in greenhouse 0 ha 230.7 ha 3,321 ha 

Orchard 
farming area 

Total increase in total area 0 ha 0 ha 0 ha 

Total increase in drip-irrigation 0 ha 3,300 ha 51,948 ha 

Total increase in tree windbreaks 0 ha 526 ha 27,513 ha 
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6. Return on Investment Analysis 
 
Changes in capitals and benefits have been modelled for each scenario according to the 
interventions under analysis. Impacts due to climate change and SDS have also been modelled, as 
well as additional considerations such as changes in prices due to inflation. Table 24 presents the 
results of the investment analysis for the period 2022 – 2040.  

Table 24. Return on investment analysis 2022-2040. 

Note:   PV – Present Value.    FTE – Full-Time Equivalent.    Ha – hectare.    Avg. – average.  
*The Return on Investment (ROI) was calculated only for areas under intervention as ecosystem services 
linked with monetary impacts (i.e., improvement in yield) have been only calculated in these areas and not 
for the whole landscape.  
**Water savings only while drip-irrigation systems are in place.  
***Total number of people provided with training between 2022-2040. 

 Period of Analysis 2022-2040 

 BaU GGIS GGES 
Benefits (monetary – PV million USD)     

     Value of vegetable production (USD) 32,615.42 32,797.86 35,099.24 

     Value of orchard production (USD) 19,927.01 19,995.43 20,835.67 

    

Operational expenditure (OPEX – PV million USD)    

    Operational costs for vegetable production (USD) 31,895.40 31,899.15 31,943.86 

    Operational costs for orchard production (USD) 17,607.54 17,630.65 17,993.47 

    

Capital expenditure (CAPEX – PV million USD)    

    Investment in Natural Capital (USD) 0 0.24 12.28 

    Investment in Social & Human Capital (USD) 0 1.25 12.48 

    Investment in Financial Capital (USD) 0 45.29 588.16 
    

Net Benefits (monetary – NPV million USD) 3,040.48 3,216.71 5,384.66 
    

Financial Analysis (indicators)    

    Benefit-Cost Ratio (BCR) 1.061 1.065 1.107 

    Return on Investment* (ROI) - 5.44 5.92 
    

Non-Monetary Benefits (Unit)    

    Total carbon sequestration (average annual MtCO2e) 44,518 44,674 48,122 

    Number of ‘green jobs’ (# of FTE people by 2040) 0 310 16,227 

        

Status of Capitals (Output Indicators - Unit)    

    Natural Capital (orchard area – ha by 2040) 123,644 123,644 123,644 

    Natural Capital (area with tree windbreaks – ha by 2040) 0 526 27,513 

    Natural Capital (water savings** – avg. annual km3) 0 0.032 0.229 

    Social & Human Capital (people under capacity development***) 0 2,564 20,843 

    Financial Capital (production assets – PV million USD 2022) 0 45.29 588.16 
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As previously mentioned, the implementation of greenhouses and drip-irrigation systems was 
analyzed as investment in ‘Financial Capital’, while investment in tree windbreaks was analyzed as 
investment in ‘Natural Capital’. Capacity development costs for the implementation and proper 
management of these infrastructural adaptation measures were analyzed as investment in ‘Social & 
Human Capital’. Benefits from these investments were modelled and captured through the 
improvement in yield in both production systems, through non-monetary benefits (carbon 
sequestration and green jobs), and capital output indicators (orchard area, tree windbreaks area, 
water savings, people under capacity development, and production assets). 

Considering the three scenarios under analysis, the estimated present value20 of capital expenditures 
totaled USD 0.00 in the BaU; USD 46.78 million in the GGIS; and USD 612.92 million in the GGES. 
Considering the targets and total investment needed for implementing infrastructural adaptation 
measures under the Intervention Scenario (GGIS), it is estimated that 0.5% of the total investment 
needs to be allocated for natural capital investment (trees for windbreaks), 96.8% needs to be 
allocated for financial capital investment (greenhouses and drip-irrigation), and 2.7% needs to be 
allocated for social & human capital investment (capacity development costs for the implementation 
and proper management of these measures). In the case of the Exploratory Scenario (GGES), and 
considering the total investment needed, it is estimated that under an ambitious implementation of 
infrastructural adaptation measures, natural capital investment will represent 2% of the total 
investment, financial capital investment will represent 96%, and social & human capital will represent 
2% of the total investment. 

The net monetary benefits, expressed through the net present value (NPV21), exhibits the 
profitability and monetary impacts of the investment in infrastructural adaptation measures, allowing 
for a comparison between green growth scenarios and against the BaU, where no investments have 
been made. In order to facilitate the comparison and impact assessment of the three scenarios, the 
NPV has been calculated for multiple periods – 2022-2025 (immediate-term), 2022-2030 (short-
term), 2022-2035 (medium-term), and 2022-2040 (long-term). The results are presented in Figure 
10. 

Figure 10. Net present value (NPV) for the three scenarios and for multiple periods of time. 

 

 
20 See Annex 2 for explanation about the discount rate used for the investment analysis. 
21 Total discounted benefits minus discounted operational and capital expenditures. 
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The NPV for the three scenarios and for multiple periods is positive. This indicates that the projected 
benefits exceed the anticipated expenditures in present monetary terms, which at the same time 
reflect profitability of the current production practices as well as from the investments in 
infrastructural adaptation measures. However, the presentation of the results through periods of 
time allows to observe the tendency of these net monetary benefits over time.  

For the Business as Usual (BaU) scenario, the discounted benefits minus the discounted 
expenditures increases over the short- and medium-term. Yet, there is a slower growth in the 
medium-term, and even a decline in the long-term. The increase in the short-term responds to two 
main factors: the targeted increase in vegetable growing area and inflationary pressure. The slower 
growth in the immediate-term and decline in the long-term responds to the impacts of climate 
change and SDS, despite inflationary pressure.  

For the Green Growth Intervention Scenario (GGIS), discounted benefits minus discounted 
expenditures over the short- and medium-term increases even above the BaU. However, there is 
also a slower growth in the immediate-term and a decline in the long-term. As for the BaU, the 
increase in the short-term responds to the targeted increase in vegetable growing area and 
inflationary pressure, but also due to the targeted investment in infrastructural adaptation measures. 
Yet, the net monetary benefits are negatively impacted in the long-term by climate change and SDS.  

Finally, for the Green Growth Exploratory Scenario (GGES), discounted benefits minus discounted 
expenditures over the immediate-term are positive but lower than the BaU and the GGIS. Yet, in 
the short-, medium-, and long-term, the net monetary benefits are significantly greater than the BaU 
and the GGIS, and even stable in the long-term despite climate change and SDS impacts. From these 
results, conclusions can be drawn about the economic and sustainability impact of implementing 
infrastructural adaptation measures. However, before jumping into conclusions, it is important to 
analyze and compare the results between the Intervention and Exploratory Scenarios. 

Overall, the difference between the GGIS and the GGES responds to the size of the investment, the 
different investment targets over the period 2022-2030, the relative proportion invested in 
different capitals (% allocated to different capitals), and the expected useful life of the infrastructural 
adaptation measures. The impact of a more ambitious size of investment and investment targets 
over the period 2022-2030 is reflected in the greater net monetary benefits of the GGES over the 
GGIS in the short-, medium-, and long-term. The lower net monetary benefits of the GGES when 
compared to GGIS’s benefits (even lower than the BaU) in the immediate-term, as well as the 
stability of the net monetary benefits of the GGES in the long-term, are related to the different 
relative proportion invested in capitals and the useful life expectancy of the infrastructural 
adaptation measures.  

In the case of the GGES, the biggest difference in the investment allocation is a higher investment 
in natural capital when compared to the GGIS (2% vs. 0.5%). Following the 3Returns Framework, 
the Return on Investment (ROI) was calculated aiming to understand the impact of this greater 
allocation to natural capital (main difference when comparing the relative proportion invested in 
capitals for both green growth scenarios). The ROI becomes relevant and crucial in understanding 
the efficiency of potential interventions (GGKP 2020), which in this case is directly linked with the 
monetary returns (improvement in yield) obtained from investments in greenhouses, drip-irrigation 
systems, and trees for windbreaks.  
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As it can be observed in the figure below, the ROI for the GGES is lower than the ROI of the GGIS 
in the immediate-, short-, and medium-term. Based on the model, this is directly linked with a greater 
investment in natural capital and the fact that trees for windbreaks have a minimum average tree 
maturity of five years. Investment in greenhouses and drip-irrigation systems provide immediate 
returns, while investment in trees for windbreaks provide returns only from the short-term onwards. 
On the other hand, while greenhouses and drip-irrigations systems stop providing returns after the 
medium-term, considering their average useful life expectancy, trees for windbreaks keep providing 
returns in the long-term.  

Figure 11. Return on Investment (ROI) for green growth scenarios and for multiple periods of time. 

 

Using the information provided by the ROI, the greater capital expenditures in trees for windbreaks 
(natural capital) explains the Exploratory’s lower NPV in the immediate-term when compared to the 
Intervention and BaU scenarios. At the same time, the long-term returns from greater natural capital 
investment are linked with the difference between the long-term net benefits from the GGIS and 
GGES. Finally, and in addition to the NPV and ROI, the Benefit-to-Cost ratio (BCR22) was calculated 
for the three scenarios, as a complementary financial indicator to summarize the overall relationship 
between expenditures and benefits. In terms of profitability, scenarios with a higher BCR are 
preferred. 

Besides monetary benefits and financial indicators, the analysis following the 3Returns Framework 
allows to assess impacts in terms of non-monetary benefits and the impacts in the status of capitals 
(through selected output indicators). Unquestionably, the investment in infrastructural adaptation 
measures following the above-mentioned targets under green growth scenarios will bring significant 
non-monetary benefits in terms of carbon sequestration and the creation of green jobs. At the same 
time, investment in these measures will improve natural capital and social & human capital status by 
increasing in the areas protected by tree windbreaks and engaging in water saving approaches, and 

 
22 Total discounted benefits divided by discounted operational and capital expenditures. 
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the people provided with capacity development in order to collectively improve their adaptability to 
climate change and SDS. When comparing non-monetary benefits and capital status impacts 
between the GGIS and GGES, a larger and ambitious investment in infrastructural adaptation 
measures is only linked with greater non-monetary benefits and further capitals status 
improvements.  

6.1. Sensitivity Analysis 

A sensitivity analysis was conducted to test how changes in key variables will impact the model 
results in order to validate the investment analysis and build strong and sustained conclusions. 
Considering the complexity of the model and the uncertainty of key variables, including the yield 
impacts from the technologies implemented, climate change and SDS’s negative impacts, and the 
inflation and discount rates, a Monte Carlo simulation23 using @Risk was conducted with the 
variables and probability distributions presented in Table 25 and further explained in Annex 2.  

Table 25. Monte Carlo simulation model inputs. 

Variable (unit) Probability Distribution Mean Minimum Maximum Std. Dev. 
Greenhouses’ Yield Impact 
(times) Normal 

 
6.10 3.95 8.21 0.79% 

Drip-irrigation Yield Impact 
(%) Normal 

 

39.99% 25.78% 52.50% 4.00% 

Tree Windbreaks Yield 
Impact (%) Normal 

 
15.00% 10.08% 19.84% 1.49% 

Climate Change Yield 
Impact in Vegetables (%) Discrete Uniform 

 
-1.01% -1.41% -0.78% 0.28% 

SDS Yield Impact in 
Vegetables (%) 

Pert 
 

-3.42% -5.01% -1.83% 0.64% 

Climate Change Yield 
Impact in Orchards (%) 

Discrete Uniform 
 

-1.03% -1.44% -0.81% 0.28% 

SDS Yield Impact in 
Orchards (%) Pert 

 
-3.42% -4.99% -1.85% 0.64% 

Uz. Food Price Inflation (%) Normal 
 

7.99% 5.38% 10.48% 0.79% 

Uz. General Inflation (%) Normal 
 

12.14% 7.84% 15.98% 1.21% 

Discount Rate (%) Discrete Uniform 
 

11.00% 5.00% 17.00% 3.74% 

 
Five simulations, each with 1,000 iterations per simulation, were conducted taking the NPV 
(profitability measure) as the simulation model output for the three scenarios (2022-2040). The 
results of the sensitivity analysis (See Table 26) support and strengthen the results explained above. 
Yet, there is the probability that considering the technologies’ efficiency, external impacts (climate 
change and SDS), and economic conditions, the net monetary benefits of the Intervention Scenario 
will not differ much from the net monetary benefits of the BaU. In this regard, it is important to 
understand the sensitivity of each scenario to the variables analyzed.  

 
23 Monte Carlo simulation (or Monte Carlo Method) is a computerized mathematical technique that allows accounting 
for risk in quantitative analysis and decision making when facing uncertainty, ambiguity, and variability.  
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Table 26. Monte Carlo simulation model outputs (NPV for the period 2022-2040). 

Scenario (unit) Graph Mean 90% Confidence Interval 

Business as Usual (NPV in million USD) 
 

2,016.52 ± 319.88 

Green Growth Intervention Scenario 
(NPV in million USD)  

2,198.38 ± 320.31 

Green Growth Exploratory Scenario 
(NPV in million USD)  

4,497.32 ± 333.32 

 
In terms of each scenario’s sensitivity to the technologies’ positive impact, external negative impacts, 
and economic conditions, the BaU scenario is highly sensitive to both inflation rates under analysis. 
The BaU is, to a lesser extent, also sensitive to (in order from the most sensitive to least sensitive): 
1) climate change impacts on vegetable production systems; 2) SDS impacts on orchard production 
systems; 3) the discount rate; 4) climate change impacts on orchard production systems; 5) positive 
yield impact from tree windbreaks; 6) positive yield and quality improvement from greenhouses; 7) 
SDS impacts on vegetable production systems; and finally, 8) positive yield impact from drip-
irrigation systems. 

The GGIS, as the BaU scenario, is highly sensitive to both inflation rates modelled. To a lesser degree, 
the GGIS follows almost the same sensitiveness as the BaU, with one small difference (bolded for 
reference): 1) climate change impacts on vegetable production systems; 2) SDS impacts on orchard 
production systems; 3) the discount rate; 4) climate change impacts on orchard production systems; 
5) positive yield impact from tree windbreaks; 6) SDS impacts on vegetable production systems; 7) 
positive yield and quality improvement from greenhouses; and finally, 8) positive yield impact from 
drip-irrigation systems. 

As in the two other scenarios, the GGES is highly sensitive to both inflation rates considered. Yet, 
and to a lesser degree, the GGES is sensitive to: 1) climate change impacts on vegetable production 
systems; 2) the discount rate; 3) SDS impacts on orchard production systems; 4) positive yield impact 
from tree windbreaks; 5) climate change impacts on orchard production systems; 6) positive yield 
and quality improvement from greenhouses; 7) SDS impacts on vegetable production systems; and 
finally, 8) positive yield impact from drip-irrigation systems. 

Based on the sensitivity of the scenarios and considering the abovementioned probability that the 
monetary benefits from the Intervention Scenario will not differ much from the BaU, economic 
conditions are a key concern that need to be carefully monitored. Following government objectives 
for the implementation of infrastructural adaptation measures, the rate of increase in prices for 
production supplies and technologies versus the increase in prices in agricultural products, as well 
as changes in the interest rate, may jeopardize the expected socio-economic benefits envisioned 
from the implementation of infrastructural adaptation measures.  

Finally, besides economic conditions, climate change impacts on vegetable production systems and 
SDS impacts on orchard production systems should be closely monitored as the sensitivity to their 
potential impacts affected the 3 scenarios almost in the same magnitude and order. Sensitivity to 
other variables and for the three scenarios show that their impact may affect the final output (NPV) 
but in a lesser degree, especially when compared to changes in the economic conditions and 
potential negative impacts from climate change to vegetables and SDS to orchards.  
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7. Conclusions and Recommendations 

7.1. Conclusions 

The analysis of the implementation of infrastructural adaptation measures following the 3Returns 
Framework has allowed to redefine the exiting agricultural problems in Karakalpakstan outside the 
normal boundaries of sectoral economic impact analyses. This has led to understand the implications 
of adaptation solutions by recognizing the complex interaction of these measures in targeted areas. 
The acknowledgement of this interaction becomes fundamental for developing the basis of plans 
for the future development and adaptation of the agricultural sector in Karakalpakstan. 

It is evident that agricultural production in Karakalpakstan is inextricably tied to climate and 
environmental conditions, in particular, to its sensitiveness and vulnerability to the potential negative 
impacts of climate change and salt and dust storms. It is also clear that the implementation of 
infrastructural adaptation measures becomes highly relevant to embrace the harmful effects of 
temperature increases, water stress from hydrological changes, increased frequency and severity of 
salt and dust storms, while at the same time securing economic growth, food security, and 
environmental sustainability.  

To be more specific, the implementation of greenhouses, drip-irrigation systems, and trees for 
windbreaks in Bozataw, Karauzyak, Chimbay, and Kegeyli represent an opportunity to increase not 
only the monetary benefits from vegetable and orchard production systems, but also as a 
mechanism for improving non-monetary benefits (i.e., carbon sequestration and green jobs) as well 
as the condition of capitals (i.e., area with tree windbreaks, water savings, trained people). Moreover, 
the greater the ambition in investing in infrastructural adaptation measures, the greater the positive 
monetary and non-monetary benefits with a direct positive socio-economic development impact in 
the region.   

The implementation and impact analysis of different adaptation measures considering their nature, 
requirements, and impact of each measure, has allowed to understand the short- and long-term 
consequences of investing in them, especially when considering their returns. In this regard, the 
results from the investment analysis provide reasons aligned with the Nature-Based Solutions 
Framework for Agricultural Landscapes that justify why nature-based solutions (i.e., trees for 
windbreaks) do not substitute conventional “grey” engineering (i.e., greenhouses and drip-irrigation 
systems). Instead, combined solutions generate positive, cumulative biophysical interactions, and 
social benefits.   

The investment analysis, following ad-hoc model considerations and assumptions, shows that 
natural capital investment in nature-based solutions (i.e., trees for windbreaks) provides greater and 
sustained benefits in the long-term, increasing the efficiency in the long run. Yet, natural capital 
investment in the short-term can represent lower net monetary benefits. That can be perceived as 
costly or ineffective, jeopardizing the willingness of the farmers to spend on trees for windbreak 
protection. On the other hand, financial capital investment in ‘grey’ solutions (i.e., greenhouses and 
drip-irrigation systems) provide greater benefits from the short-term; however, long-term benefits 
can be jeopardized by the lack of re-investment in these technologies after their useful life span due 
to inappropriate implementation mechanisms and knowledge, or due to the overall economic 
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conditions. The inappropriate implementation of greenhouses and drip-irrigation systems as planned 
can lead to a similar pre-investment reality in the long run.  

For reducing technology implementation risks and securing proper investment in infrastructural 
adaptation measures, investment in social & human capital becomes highly relevant. The successful 
rate of adoption of adaptation measures is linked to the understanding of the different returns on 
investment, the importance of combining natural capital and financial capital investment, as well as 
the need for a collective action that increases the willingness and acceptance for integrating 
adaptation measures. To create change, it is also relevant to understand the non-monetary benefits 
from implementing these measures, as well as their impact in key and valuable resources for the 
region. The creation of ‘green’ jobs, or the improvement in ecosystem services due to an increased 
stock of trees, represent attractive points to support the adoption of infrastructural adaptation 
measures.  

Government willingness expressed in clear targets for introducing water-saving drip-irrigation 
systems, the creation of protective forest plantations aimed at increasing the yield of agricultural 
land, and the production targets under greenhouses, can potentially increase the sustainable 
production and income of farmers in Karakalpakstan. Even more, the ambitious targets may support 
adapting and building resilience to the impacts of climate change and SDS, while reducing 
greenhouse gas emissions and creating ‘green’ jobs. However, and considering the uncertainty of 
several factors, the aimed support for a sustainable development and food security in a changing 
climate and next to the desiccated Aral Sea, can be at risk. Future economic conditions, the severity 
of climate change and SDS impacts, and the effectiveness when implementing infrastructural 
adaptation measures can lead either to the aimed positive change, or vanish the hope for a 
developed and adapted agricultural sector. It is important to highlight that besides the positive 
impact in non-monetary benefits and capitals’ status from implementing the targeted adaptation 
measures, the probability of obtaining non-significant benefits due to unfavorable future conditions 
can be the decisive point for farmers to negatively evaluate the overall impact of these technologies.  

One thing is clear, increasing agricultural production by assigning new areas for higher value crops, 
or the reliance on increased productivity as a result of crop diversification from cotton and wheat 
towards higher value crops (UNECE 2020), represent short-term unsustainable solutions. Long-term 
sustainability of the agricultural sector will depend on the adoption of technologies and farm 
management measures that will allow local producers to counteract the impacts of climate change 
and SDS, while giving them the opportunity to enjoy food security and better income streams. For 
this, and as presented in this document, the understanding of capital needs and investment 
implications can support drawing the basis for decision-making towards a sustainable agricultural 
landscape in Karakalpakstan. 
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7.2. Recommendations 

Overall, the investment and implementation of infrastructural adaptation measures is strongly 
recommended for the Aral Sea GRIP Project to contribute to the sustainable development and 
growth of the vegetable and orchard production systems in Bozataw, Chimbay, Karauzyak, and 
Kegeyli; and considering similar regional conditions, for the whole of Karakalpakstan. Yet, the 
implementation of adaptation measures should consider a combination of ‘green’ (nature-based 
solutions) and ‘grey’ solutions such as the case presented for orchard production systems with drip-
irrigation and trees for protection. A combined investment in trees for windbreaks, drip-irrigation 
systems, and greenhouses in vegetable and orchard production systems is also recommended for 
supporting food security and climate change and SDS resilience.  

Considering the long-term benefits from natural capital investments, higher and more ambitious 
targets for nature-based solutions in support of the agricultural sector are recommended for 
adaptation plans in the region. For this, the necessary conditions in terms of the target farmers’ 
understanding of short- versus long-term benefits, as well as farm incentives for implementing these 
measures need to be put in place, considering the potential perception of costly and ineffective in 
the short-run. The need for enabling conditions for investing in natural capital also applies for 
financial capital investment in ‘grey’ infrastructure. Implementation of drip-irrigation systems or 
greenhouses without proper access to the required infrastructure for water access or proper inputs 
for the maintenance and continuous re-investment in these technologies will simply dilute the 
adoption rate of these measures.  

Besides investing in trees for windbreaks, drip-irrigation systems, and greenhouses, it is essential to 
invest in human & social capital with the objective to reduce the risks associated with a successful 
and efficient adoption of these technologies. In this regard, farmer’s understanding of the proper 
management of each technology, the benefits and returns in time from these measures, as well as 
the potential economic and external impacts on the production systems, will support reducing the 
implementation risk and will increase the effectiveness of their adoption.  

Following government targets for the implementation of infrastructural adaptation measures in 
Karakalpakstan, it is highly recommended for the government to closely monitor the positive impact 
of these technologies, the economic conditions in the region, and the impacts of climate change and 
SDS, while implementing these measures. Considering the sensitivity of improved monetary benefits 
on these aspects, major changes that can jeopardize the implementation of the technologies need 
to be identified on time. On a different but related note, if ecosystem services are included as part 
of the monitoring efforts, there is the opportunity to monetize and develop market mechanisms for 
ecosystem services, which will enhance the benefits from adaptive measures and will reduce the 
risk from economic, technological, and external factors. For instance, establishing a carbon credit 
scheme or a payment for ecosystem services recognizing protection and temperature regulation 
benefits could represent an opportunity to channel resources for incentivizing the implementation 
of needed adaptability actions.     

In addition to monitoring efforts, it is recommended that the government supports inclusive 
economic institutions as a mechanism for accelerating the adoption of adaptive technologies. 
Inclusive economic institutions feature secured land tenure, an unbiased system of law, and a 
provision of public services that provides a level playing field in which people can exchange and 
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contract (Acemoglu and Robinson 2012). Regarding land tenure, farmer’s willingness to make long-
term investments in technologies has been negatively affected by multiple rounds of farm size 
optimization over the last decade. Therefore, strengthening trust in land rentals and leasing system, 
and the implementation of consistent farm policies over time are crucial to encourage long-term on-
farm investments (USAID, 2020). 

Finally, and extending on the enabling conditions needed for implementing infrastructural adaptation 
measures, access to information and extension services is highly required for a successful adoption 
of these measures. In this regard, knowledge about key criteria before investment, for instance soil 
type and quality, farm layout and exposure, among others, are relevant aspects for selecting the 
proper infrastructural adaptation measures. For this, it is important to acknowledge available 
technology providers and the difference between each technology. At this point, and highlighting 
the importance of securing a sustained source of inputs and materials, an opportunity arises to 
promote technology adoption through suppliers that work towards sustainability by implementing 
waste management mechanisms for key synthetic materials including plastic pipes and plastic 
films/walls.  
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9. ANNEXES 

9.1. Annex 1. Methodology 

VALUATION AND INVESTMENT ANALYSIS 

The valuation and investment analysis in this report follows the 3Returns Framework: A method for 
decision-making towards sustainable landscapes. The Framework presents a new approach for the 
assessment of sustainable landscape interventions. For this analysis, the Framework was used to 
assess infrastructural adaptation measures for the Aral Sea GRIP Project area. The analysis followed 
this Framework in order to facilitate decision-making, support the design of financial instruments to 
mobilize resources, identify the efficient allocation of resources, and support the identification of 
best practices for sustainable landscape interventions.  

The assessment of infrastructural adaptation measures followed the 3Returns Framework 
considering ‘green’ interventions in a landscape as: 

• Investments in Natural Capital: resources allocated to increase the stocks of natural assets;  
• Investments in Social & Human Capital: resources allocated to increase cooperation within 

and among groups, individual and collective knowledge, skills, and competencies; while 
building/strengthening institutions for resource management, decision making, and social 
integration; and  

• Investment in Financial Capital24: resources allocated to acquire or increase the assets 
needed in order to provide goods or services.  

 
Based on this consideration and following the 3Returns Framework stages (Figure 12), a contrast 
between a Business as Usual (BaU) scenario and green growth scenarios was conducted in order to 
understand changes in key capital indicators (natural, social & human, and financial capital) and the 
benefits derived from them. In this analysis, the development of a range of green growth scenarios 
was based on literature review, identification of government objectives, expert consultation, and a 
technical report prepared by a local consultancy firm in Uzbekistan. The BaU scenario assumes no 
absolute introduction of infrastructural adaptation measures in the project area. The green growth 
scenarios are based on a range of investments in infrastructural adaptation measures with the 
considerations needed to make them functional. Green growth scenarios are based on government 
objectives and the suitability of implementing these measures in the project area.   

Figure 12. 3Returns Framework Stages. 

 

 
24 Financial capital is part of the economic capital. 
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NATURE-BASED SOLUTIONS 

The recognition of nature-based solutions and their benefits for this analysis has followed the 
Nature-Based Solutions Framework for Agricultural Landscapes. The Framework supports the 
design and implementation of measures (solutions) that address needs or problems, isolated and 
cumulative, which result from ongoing and continuous management of agricultural production 
systems. The Framework suggests addressing challenges across the spectrum from production to 
conservation landscapes, recognizing NBS as potential solutions that could lead to innovative land 
uses or “new agroecosystems”.  

Entering the UN decade of Ecosystem Restoration, attention is brough to approaches that integrate 
natural ecosystems and ecosystems that sustain livelihoods and food production, while supporting 
conservation and rehabilitation of natural ecosystems enhancing natural processes in modified 
ecosystems. The Special Report on Climate Change and Land (IPCC, 2019 p. 739) highlights 
ecosystem-based adaptation (EbA) as ‘a set of nature-based methods’ for adaptation and food 
security that are closely associated with sustainable land management and water security.  

Following these initiatives, the Framework brings together the conventional gap between 
production and conservation and exemplifies the specific problems NBS offer solutions to. For this, 
the Framework presents the following NBS categories: 1) Sustainable practices – with a focus on 
production); 2) Green infrastructure – mainly for engineering purposes; 3) Amelioration – for 
restoration of conditions with a biochemical, biological or microbial benefit function; and 4) 
Conservation – focusing on biodiversity and ecosystems connectivity; each category with two to 
three qualifying functions. For this analysis, the following systems, presented in Figure 13, have 
been treated as NBS. 

Figure 13. Interventions within NBS for agricultural landscapes considered for the analysis. 

 

The Framework recognizes that NBS do not substitute nature conservation or conventional “grey” 
engineering. Instead, it offers a way to identify, prioritize, and stage solutions that combine 
traditional, conventional, and natural solutions in combinations to generate positive, cumulative 
biophysical interactions and social benefits. The Framework suggests designing interventions that 
reinforce the resilience of ecosystems in order to prevent, reduce, respond, or adapt to existing or 
anticipated stressors. For this, it is important to recognize the economic returns in order to justify 
the investment on NBS practices that pay back over time. For this analysis, the recognition of 
economic returns has been done through the 3Returns Framework.  
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DATA COLLECTION AND MAPS 

Primary data collection was conducted in the project area in 2021, which includes 4 districts of the 
Republic of Karakalpakstan: Bozataw, Kegeyli, Chimbay, and Karauzyak. In total, 1,277 samples were 
collected from homestead landowners involved in small-scale home gardening; dehkan and private 
farmers specialized in gardening, vegetables, melons, and wheat; and individual entrepreneurs and 
micro-, small- and medium-enterprises (MSMEs) involved in the agriculture sector. The sampling 
was carried out according to the proportion of the total population of the different stakeholders of 
interest represented in the 4 districts. The sample size of each population was determined with a 
95% confidence level and a 5% margin of error. Based on the sample size, participants were selected 
through a simple random selection process.   

For the spatial data analysis, satellite images of the study area were used for land cover classification 
based on remote sensing. Satellite images covered the period from January 2018 to July 2021. 
Image classification was conducted using Sentinel-225 and performed in Google Earth engine. A 
supervised classification for training the dataset (using the Classification and Regression Trees or 
CART model) was used for classifying images in six major categories: water, urban area, vegetables, 
orchards, bare soil, and wheat/cotton. A total of 1,691 reference points were used for ground 
truthing. From these reference points, 80% were used for training and the remaining 20% were 
used for a validation and accuracy assessment.   

Figure 14. Ground truth points for land classification. 

 

 

 

 

 

 

 

 

 
 

Overall, the accuracy of the image classification resulted in 70% based on the confusion matrix26. 
This land-use classification exercise was complemented with 16 additional map layers, including: 
rivers, water bodies, irrigation canals (main and inter-farm canals), district boundaries, settlement 
centers, buildings, roads, railroads, land use (residential areas), land elevation, and wind speed 
magnitudes. The maps presented in this report have been created using these multiple layers.  

 
25 Sentinel-2 is a wide-swath, high-resolution, multi-spectral imaging mission supporting Copernicus Land Monitoring 
studies, including the monitoring of vegetation, soil, and water cover, as well as observation of inland waterways and 
coastal areas. 
26 Presents the summary of results predicted, indicating the number of correct and incorrect predictions.  

Training for vegetables 

Training for fruit trees 
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9.2. Annex 2. Model Considerations and Assumptions 

CLIMATE CHANGE 

The scenarios for climate change and its impact over the agriculture sector have been taken from 
the World Bank study “Reducing the Vulnerability of Uzbekistan’s Agricultural Systems to Climate 
Change” (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to 
Climate Change 2013). The study presents three scenarios (See Table 27) based on the Climate 
Moisture Index (CMI), which, in turn, are based on the combined effect of temperature and 
precipitation.  

Table 27. Climate change scenarios. 

Scenario 
Global general circulation models basis for the 

scenario 
Relevant IPCC SRES scenario 

High impact 
Geophysical Fluid Dynamics Laboratory, Climate 

Model 2.1 (US) 
A1B 

Medium impact 
Centre National De Recherches Météorologiques, 

Coupled Model 3 (FRANCE) 
B1 

Low impact 
UK Met Office, Hadley Center Global 

Environmental Model 1 (UK) 
A2 

Source: (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate 
Change 2013). 

Each scenario corresponds to a specific global circulation model (GCM) that results from among 
those used by the Intergovernmental Panel on Climate Change (IPCC) in its Fourth Assessment of 
the Science of climate change. The low-impact scenario represents a wet CMI scenario, experiencing 
the smallest impact (or change in) CMI. The high-impact scenario is represented by a dry scenario. 
The specific global general circulation model basis for the medium-impact scenario is the closest 
with the model mean CMI for a total of 56 available GCMs. Based on these scenarios, results in 
terms of average changes in crop yield are presented in Table 28. Average changes assume no effect 
of carbon dioxide fertilization27.  

This analysis has used these scenarios and crop impact estimations considering their reference in 
Uzbekistan’s Third National Communication under the UNFCCC (2016) and Uzbekistan’s Third 
Environmental Performance Review (2020). Considering the scope of the analysis presented in this 
document, climate change impacts in certain crop yields have been taken for modeling climate 
change impacts in certain types of farms based on the interest of this study (See Table 28). 
Additionally, results presented in this document have considered the medium-impact scenario. The 
sensitivity analysis modeled the climate change impacts from the low-, medium-, and high-impact 
scenarios following a discrete uniform distribution28.  

Table 28. Estimated annual effects of climate change on crop yield, including effects of reduced 
water availability, in the Republic of Karakalpakstan. 

 
27 Higher CO2 concentrations can enhance growth for some crops with a photosynthesis process that can benefit from 
additional ambient CO2. 
28 A symmetric probability distribution for discrete variables with equiprobable outcomes.  
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Yield 
Impact 

(% 
change) 

 Scenario 

Crop 
Assumption for 

Farm Type 
Low Impact Medium Impact High Impact 

Alfalfa - -0.48 -0.59 -1.04 
Apples Orchard -0.85 -0.81 -1.44 
Cotton - -0.70 -0.74 -1.15 

Potatoes - -0.81 -0.78 -1.37 
Tomatoes Vegetables  -0.78 -0.85 -1.41 

Winter wheat - -0.48 -0.74 -1.19 
Spring wheat - -0.67 -0.81 -1.52 

Source (Sutton and et al., Reducing the Vulnerability of Uzbekistan's Agricultural Systems to Climate 
Change 2013). 
 
SALT AND DUST STORMS 

The impact of salt and dust storms in agricultural production in this analysis followed the estimations 
from wind erosion and dust assessment presented in the World Bank study “The Value of Landscape 
Restoration in Uzbekistan to Reduce Sand and Dust Storms from the Aral Seabed” (Akramkhanov, 
Strohmeier and et al. 2021). The analysis in this document considered the study’s off-side modeling 
of wind erosion and dust assessment, which primary threat comes from suspension processes that 
are a result of the saltation of coarser soil fragments (from the Aral Seabed) releasing fine particles, 
often then lifted to higher elevations and transported over larger distances. The off-side effects 
through fine particle concentration in the air and cumulative sedimentation processes were 
estimated using an empirical radial dispersion approach. The empirical model was manually adjusted 
using measured sediment accumulation data and verified through selected event dust-atmospheric 
simulations using RAMS.  

The annual estimated crop value lost due to salt and dust storms from the Aralkum Desert for the 
project area (Bozataw, Kegeyli, Chimbay and Karauzyak districts) is presented in Table 29 according 
to World Bank’s study. Considering the scope of the analysis presented in this document, SDS 
impacts in certain crops have been taken for modeling the impact in certain types of farms based 
on the interest of this study. Results presented in this document have considered the average impact. 
Also, it has been assumed the same annual impact for the period under analysis, that is, no changes 
in the conditions of the Aral Seabed have been considered (no further degradation or improvement 
due to rehabilitation efforts). The sensitivity analysis modeled SDS impacts following a PERT 
distribution29, with the average considered as the most likely value over the lower and upper bounds. 

Table 29. Annual estimated crop value lost due to salt and dust storms from the Aralkum Desert. 

 
 

Yield 
Impact 

(%) 

 Scenario 

Crop 
Assumption 

for Farm Type 
Lower Bound Average Upper Bound 

All Grains - -1.71 -3.43 -5.14 
Cotton - -1.71 -3.43 -5.14 

Potatoes - -1.71 -3.43 -5.14 
Vegetables Vegetables -1.71 -3.43 -5.14 

Melons and Gourds - -1.71 -3.43 -5.14 
Fruits Orchards -1.71 -3.43 -5.14 

 
29 Probability distribution used to model variables bounded on both sides. 
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Grapes - -1.71 -3.43 -5.14 
Source (Akramkhanov, Strohmeier and et al. 2021). 

INFRASTRUCTURAL ADAPTATION MEASURES 

The information for the required investment and additional considerations for implementing the 
infrastructural adaptation measures under this analysis (greenhouses, drip-irrigation systems, and 
trees windbreaks) was collected by the consultant acknowledged in this document and field visits 
to existing projects in the targeted area. The consultant approached local (in the Republic of 
Karakalpakstan) technology/supply providers for analyzing the information presented below. 
Improvement in yield and economic benefits from the application of these technologies were 
modeled with a normal probability distribution30 in the sensitivity analysis.  

Table 30. Investment analysis for implementing commercial greenhouses in Karakalpakstan 

Item Value 

Average investment cost31 (x1,000 UZS per hectare)  1,525,000 

Average useful life expectancy (# of years) 10 

Average maintenance cost (x1,000 UZS per year) 40,000 

Average cost per person for training purposes (X1,000 UZS 
per person per month) 

2,500 

Average number of months for training (# of months) 10 

Average economic benefit impact due to yield and product 
quality improvement (x times) 

6.11 

 
Table 31. Investment analysis for implementing drip-irrigation systems in Karakalpakstan 

 Item Value 

Average investment cost (x1,000 UZS per hectare) 43,240 

Average useful life expectancy (# of years) 5 

Average maintenance cost (x1,000 UZS per year) 15,000 

Average cost per person for training purposes (X1,000 UZS 
per person per month) 

2,500 

Average number of months for training (# of months) 2 

Average improvement in yield (in percent) 40% 

 
Table 32. Investment analysis for tree windbreaks in Karakalpakstan. 

Item Value 

Average plantation cost (UZS per hectare) 4,770,729 

Average maintenance cost (UZS per year per hectare) 1,220,496 

 
30 “Bell curve” distribution showing that data near the mean are more frequent in occurrence. 
31 Investment cost includes installation cost for greenhouses and drip-irrigation systems. 
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Average cost per person for training purposes32 (UZS per 
person per month) 

2,500 

Average number of months for training (# of months) 5 

Number of trees planted per hectare (#trees/ha) 470 

Average yield increase of crops protected (in percent) 15% 

Average tree maturity time (in years)33 5 

 
ECOSYSTEM SERVICES 

Literature and data regarding ecosystem services and their valuation is on its early stages in the 
Republic of Karakalpakstan; however, the ecosystem service concept is becoming increasingly 
popular for its ability to add economic value to the environment (Huet 2019). The analysis in this 
document recognizes the ecosystem services of two nature-based solutions, orchards and tree 
windbreaks, identifying and categorizing the services according to the Millennium Ecosystem 
Assessment categories.  

Orchards provide multiple ecosystem services. Their perennial character and multi-strata habitat 
contributes to biodiversity, while sequestering from 2.4 to 12.5 MtCO2e/ha/year. Orchards also 
enhance biotic interaction responsible for pest control and pollination (Demestihas, Plenet and et al. 
2017). Nevertheless, for recognizing ecosystem services from orchards, careful attention should be 
taken as agricultural practices in orchards have a strong impact on ecosystem functions. Agricultural 
practices may impact ecosystem services positively, but they might also impact them negatively. 
Often, pesticide use in orchards has negative consequences on the quality of water and on 
biodiversity. Pesticides may disturb food webs as they are lethal to crop pests but also to beneficiary 
insects as well as pollinators. Consequently, the selection of ecosystem services is a sensitive issue, 
as they should adequately characterize the complexity of the ecosystem but at the same time they 
should be simple enough to be efficiently monitored and modelled (Demestihas, Plenet and et al. 
2017).  

Primary data regarding fruit production was collected in the project area for this analysis. However, 
indicators and data regarding water quality, soil quality, as well as abundance and diversity of 
pollinators or number of seeds per fruit percentage of fruit set34 were not collected neither available 
in the project area. As a result, the ecosystem services presented in Table 33 have been considered 
and valued for the investment analysis.  

Table 33. Ecosystem services considered for orchards. 

Ecosystem Service Valuation 
Provisioning Food Monetary Fruit production 
Regulating Carbon sequestration Non-monetary MtCO2e 

 
Tree windbreaks are nature’s outdoor air conditioners. They can control wind erosion, reduce the 
drying effects of wind on soil and plants, help preventing the abrasive action of rapidly moving soil 
particles on young tender seedlings, among other benefits that support increasing crop yields (10% 

 
32 Planting and management of trees. 
33 For modelling, this was considered as the ‘minimum’ tree maturity time.  
34 Indicators for valuing pollination services. 
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to 20%). Windbreaks provide homes for insect-eating birds and protection for bees and other 
pollinating insects (USDA 2012). Furthermore, tree windbreaks have the potential for carbon 
sequestration [1.57 to 4.9 MtCO2e/ha/year (Uzhydromet 2016)]. In Uzbekistan, collaborative 
research of the German Center for Development Research and the Uzbek Forestry Research 
Institute at the Khiva Research Station assessed the ‘bio-drainage’ benefits of 10 native and exotic 
tree species used for afforestation and windbreaks. The research determined that in areas subject 
to wind erosion and suffering from land degradation, E. angustifolia and U. pumila are the most 
suitable candidates for bio-drainage purposes, with a potential productivity impact of 56% on 
irrigated lands (Qadir, Noble and et al. 2009).  

As for the case of the orchards, the recognition of ecosystem services from tree windbreaks depend 
on the agricultural practices conducted in the area of interest. Taking into consideration the 
intensive use of pesticides in the Republic of Karakalpakstan, as well as the lack of data about water 
and soil quality, the ecosystem services presented in Table 34 have been considered and valued for 
the investment analysis. Provisioning services of trees, for instance timber or fuelwood provision, 
have not being valued due to the classification of these type of forests as ‘protective plantations’ 
that differ from other categories recognized by the government as ‘cultivated forests’ for commercial 
purposes.  

Table 34. Ecosystem services considered for tree windbreaks. 

Ecosystem Service Valuation 
Regulating Wind protection Monetary Yield impact 
Regulating Carbon sequestration Non-monetary MtCO2e 

 
GREENHOUSE GAS EMISSIONS 

National and regional specific studies focusing on the quantification of GHG emissions in the 
agriculture sector are scarce. Even more, studies quantifying the difference between GHG emissions 
considering the different type of irrigation schemes in Uzbekistan are non-existent (Djumaboev and 
et al. 2019). To fill this gap, in 2019 Djumaboev & et al., conducted an assessment about water use, 
energy use, and carbon emissions from irrigated lands in Uzbekistan. Based on this assessment, it 
was identified a reduction in GHG emissions when applying improved irrigation systems, more 
specifically, drip-irrigation systems. Consequently, this analysis has taken these estimations of GHG 
emissions for crop production under traditional and drip-irrigation systems in order to estimate GHG 
emissions from the targeted specialized farms. These estimations were used for assessing the impact 
of implementing drip-irrigation systems and greenhouses (which include drip-irrigation systems).  

Table 35. Estimated GHG emissions from irrigated fields 

Irrigation Type Estimated Emissions 
Crop under traditional irrigation 2.13 MtCO2e/ha/year 

Crop under drip-irrigation system 1.14 MtCO2e/ha/year 
Source: (Djumaboev and et al. 2019). 

 
DISCOUNT RATES, INFLATION RATES, AND EXCHANGE RATE 

The return on investment analysis has considered two discount rates. A regular discount rate or 
market discount rate (17%) and an impact investment discount rate (5%). The regular discount rate 
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reflected the commercial discount rate for Uzbekistan as of January 1, 2021. According to the report 
‘Cost of Doing Business in Uzbekistan’ (2021), interest rates of loans made in national currency 
(UZS) are within the refinancing rate of the Central Bank (equivalent to 14%) + 3-10% per annum 
depending on the cost of recovery and the risk of the project (USAID 2021). For this analysis and 
considering the type of investment, a commercial discount rate of 17% was used. Regarding the 
impact investment discount rate, lower discount rates are generally applied considering the long-
term benefits of ecosystem services. Consequently, a 5% impact investment discount rate was used, 
referenced from World Bank’s cost benefit analysis for adaptability options conducted in Uzbekistan 
in 2013. Results presented in this document have considered the median (11%) between 5% and 
17%. The sensitivity analysis modeled changes in the discount rate following a discrete uniform 
distribution between 5% and 17%.  

For adjusting crop and input prices, as well as investment costs, the return on investment analysis 
considered two inflation rates. For crop prices, the annual increase in price was modelled applying 
an average of ‘Uzbekistan’s Food Inflation’ from 2010 to 2020 (8%) reported by Trading Economics. 
For input prices and investment costs, the annual increase was modelled applying an average of 
‘Uzbekistan Inflation’ from 2010 to 2020 (12%) reported by the Asian Development Bank. For the 
sensitivity analysis, both inflation rates were modelled under a normal distribution.  

Finally, the actual average exchange rate for 2021 (Soums/US$ av. 10,610) and the forecasted 
average exchange rate for 2022 (Soums/US$ av. 11,258) were used for presenting the monetary 
results in dollars. These figures were reported by The Economist Intelligence Unit – Uzbekistan 
Country Report (March 2022).  

 


