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1 Introduction 

1.1 Climate Change in Global Context: Characterization and Observed Impacts 

Climate change describes a change in the average conditions 

— such as temperature and rainfall — in a region over a long 

period of time. Climate change is a natural process. During its’ 

history, our planet went through many cycles of change, from 

active heating to active cooling processes. Yet, in the last 50 

years these changes have been more significant. Each of the 

last three decades has been successively warmer at the Earth’s surface than any preceding decade 

since 18501. The period from 1983 to 2012 was likely the warmest 30-year period of the last 1400 

years in the Northern Hemisphere, where such assessment is possible. 

It is currently evident that the reason of such a strong change is anthropogenic activities. For 

thousands of years human activities were not significant enough to cause changes in Earth climatic 

conditions. However, since the industrial revolution, humans have expelled copious amounts of 

carbon dioxide into the atmosphere. This has triggered an unnatural warming that has seen the 

Earth's temperature rise dramatically over a short period of time. Since 1880 the rate of warming 

is ~50 times faster than the rate of warming during the previous 21,000 years.  

The main contributor of the Climate change and the observed increase in global average surface 

temperature is the anthropogenic increase in GHG concentrations. There is overwhelming 

evidence that human activities, especially burning fossil fuels, are leading to increased levels of 

carbon dioxide and other greenhouse gases in the atmosphere, which in turn amplify the natural 

greenhouse effect, causing the temperature of the Earth's atmosphere, ocean, and land surface to 

increase. That greenhouse gases "trap" infrared heat is well established through laboratory 

experiments going back to the mid1850s when Sir John Tyndall first measured the effect. 

Increasing anthropogenic GHG emissions, driven largely by economic and population growth, 

have led to unprecedented atmospheric concentrations of GHGs. While the contribution of 

population growth to GHG increases between 2000 and 2010 remained roughly identical to the 

previous three decades, the contribution of economic growth has risen sharply1. Increased use of 

coal has reversed the long-standing trend of gradual decarbonization (i.e., reducing the carbon 

intensity of energy) of the world’s energy supply1.  

Right now, global temperatures are about 1°C above pre-industrial averages, and it is increasing 

at ever faster rates, currently 0.2°C per decade. In spite of uncertainties in predicting future Climate 

change related changes, it is estimated that by the end of the 21st century, the average global 

temperatures will be from 1.4 to 5.8°C above pre-industrial averages1. The oceans are warming as 

well. In fact, about 90% of the extra heat trapped in the atmosphere by greenhouse gases is being 

absorbed by the oceans. 

A simple, slow, linear increase in planetary temperature produces vastly diverse consequences on 

the ground. Consequences that are tough to predict, and even harder to prepare against. A warmer 

atmosphere and oceans are causing dramatic changes, including steep decreases in Arctic summer 

sea ice which is profoundly impacting arctic marine ecosystems, increasing sea level rise which is 

 
1 Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change. IPCC, 2014. 

Greenhouse Gasses (GHGs)  
A greenhouse gas is a gas that absorbs and 

emits radiant energy within the thermal 

infrared range. Greenhouse gases cause the 

greenhouse effect on planets. Some of the 

important GHGs are carbon dioxide (CO2), 

methane (CH4) and nitrous oxide (N2O).  
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inundating low lying coastal areas such as Pacific island atolls, and an increasing frequency of 

many climate extremes such as drought and heavy rain, as well as disasters where climate is an 

important driver, such as wildfire, flooding and landslides.  

While the worldwide burden of human ill-health from climate change is relatively small compared 

with effects of other stressors and is not well quantified, there has been increased heat- related 

mortality and decreased cold-related mortality in some regions as a result of warming1. Local 

changes in temperature and rainfall have altered the distribution of some waterborne illnesses and 

disease vectors. 

1.2 Climate change in the context of Armenia 

Armenia’s climate is influenced by the Caucasus Mountains, and ranges from dry sub-tropical to 

cold alpine2. Armenia is a mountainous country with vulnerable ecosystems; it has a history of 

drought; significant land degradation; and active desertification processes.  

The average annual temperature in Armenia (1960-2015) is 7.6°C, varying from -8°C in the high 

mountains to 12 to 14°C in low valleys2. The average annual precipitation is 524 mm (1960- 2015), 

over 40 % occurring April through June; with average annual precipitation of 200 to 250 mm in 

low-land areas, and 800 to 1,000 mm at higher altitudes2. 

In Armenia total GHG emissions from the agricultural sector increased from 4% in 1990 to 13% 

in 2000 with an additional 4% attributed to agriculture from within the LULUCF category (land 

use, land use change, and forestry)3 Agricultural emissions contributed more than any other sector 

to methane (CH4) and nitrous oxide (N2O) emissions nationwide, at 42% and 67%, respectively3. 

According to Armenia’s 4th National Communication on Climate Change (2020), national GHG 

emissions in 2016 comprised 9,801 thousand tons of CO2 eq. (net emissions) with the following 

emissions distribution by sectors: energy - 64.1%, agriculture - 22.3%, industrial processes and 

products use - 7.5%, waste - 6.0%4.  

Climate change is an essential issue for Armenia due to the exacerbation of droughts and soil 

degradation, and the potential for water scarcity in the region5. Observations have shown that 

during the period of 1935-2016 the average air temperature in Armenia increased by 1.23oC, and 

precipitation decreased by 10%. Compared to the 1961-1990 (standard period for comparison), the 

tendencies in the changes of average yearly temperatures and atmospheric precipitations are shown 

in Figure 1 and Figure 2. 

  

 
2 Climate Risk Profile Armenia - Fact sheet. USAID, 2017. 
3 Climate Change and Agriculture - Country Note Armenia. World Bank, 2012. 
4 Fourth National Communication on Climate Change. UNDP Armenia, 2020. 
5 Climate change adaptation in Agriculture. UNDP, 2020 
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Figure 1: Deviations in average yearly temperatures in Armenia (compared to the reference 

period of 1961-1990) (source: Hydrometeorology and monitoring center (SNSO), RA) 

 

Figure 2: Deviations in average yearly atmospheric precipitation in Armenia (compared to the 

reference period of 1961-1990) (source: Hydrometeorology and monitoring center (SNSO), 

RA) 

 

In the period of 1975-2019, there has been a significant increase in extreme weather event 

occurrence in Armenia5. Frequent landslides, mudflows, floods, and other natural hazards 

negatively impact infrastructure, agriculture, and water resources, increasing the country’s 

vulnerability to climate variability and change, making the nation particularly susceptible to global 

environmental changes. Between 1998 and 2010, weather-related hazards caused losses of $2.8 

billion, averaging $450 million per year2.  
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Figure 3: Increases in extreme whether events (frost, hail, winds and heavy precipitations) in 

Armenia compared to the reference period of 1975-2016) (source: Hydrometeorology and 

monitoring center (SNSO), RA) 

 

The impacts of climate change are already felt across the globe and Armenia is not immune6. The 

expected changes in climate, such as increasing temperatures, decreasing water availability, and 

increasing frequency and magnitude of extreme events (heat waves, droughts, landslides, 

mudflows, and floods) will intensify climate change related issues and impede development3. 

Future climate projections under a business-as-usual GHG emissions scenario indicate that 

Armenia will be exposed to average temperature increases of 4°C by 2100 and subsequent changes 

in precipitation and hydrological regimes (see Chapter 2.1). Consequently, a more marginal and 

risky agricultural production environment can be expected3 (see Chapter 2.2). In addition to the 

agricultural and water sector, ecosystems (and services reliant on ecosystems such as provisioning 

for survival), human health, and infrastructure are sectors equally to be burdened under the 

predicted climate change. Forests, which cover 11% of the country, are at risk due to increased 

aridity, which reduces growth rates and regeneration, making trees more susceptible to pests, 

diseases and forest fires2. Ecosystem changes expected to occur with climatic shifts include a 

decrease in the area of the alpine zone by 21%, and a vertical shift of 100 to 150 meters; an 

expansion of semi-desert and desert areas by 30%; a vertical shift by 150 to 200 meters and a 4% 

expansion of the steppe belt; a vertical movement of the forest belt by 100 to 200 meters; and an 

increase in evaporation from Lake Sevan of 13 to 14%3. More frequent and longer heatwaves pose 

health risks, especially to vulnerable populations3. 

A series of indices have been developed by the World Bank, in order to assess the exposure, 

sensitivity and adaptive capacity of countries to climate change in the Europe Central Asia Region 

(ECAR)3. The indices are based on a range of relevant parameters. For example, the exposure 

index is based on an extreme event dataset that combines the average additional number of 1:20 

year events for hot, dry and wet years; hot, dry and wet summers; and hot, dry and wet winters 

projected over the 2070 to 2099 period relative to the 1961 to 1990 period4. Another example is 

the vulnerability index for ECAR, a combination of the exposure, sensitivity and adaptive capacity 

 
6 The Socio-economic Impact of Climate Change in Armenia. SEI and UNDP, 2009. 
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indices. According to this index 

Armenia’s vulnerability index to 

climate change is classified as 

high compared to the neighboring 

countries in the region3. The main 

underlying drivers of 

vulnerability identified were the 

limited adaptive capacity and 

particular social and productive 

structures, which increase the 

sensitivity of Armenia to climate 

change3. 

The effects of Climate change will 

not be uniform across the country 

(Picture 1)5. Different effects are 

expected in different regions, 

making the management and 

adaptation processes more 

challenging. 

Picture 1: Climate change effects in different regions in 

Armenia (source: USAID, 2014) 
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2 Summary of Legal and Institutional Aspects of Vulnerability of 

Agricultural and Water Sectors and its Adaption to Climate 

Change 

Armenia is a Party to number of international treaties, including UNFCCC, the Kyoto Protocol 

and Paris Agreement that impose specific obligations in terms adaptation and mitigation to climate 

change, including reporting requirements. These commitments are to streamline the respective 

development in national policies, strategies and legislation, including in the sphere of agriculture 

as one of the most vulnerable sectors of economy. 

Agriculture Development Strategy 2020-2030 of the Republic of Armenia among its principles 

mentions about adaption to climate change, resilience and environmental sustainability. However, 

this approach mainly focuses on monitoring, remote agricultural management practices, as well as 

water and land resources management, while promoting of climate-smart agricultural practices and 

support for dissemination of climate adaptation inputs are not properly addressed. Regulations for 

the strategy implementers, as well as coordinated approaches are lacking7.  

The first Nationally-Determined Contributions (NDC) under the UNFCCC Paris Agreement 

submitted by Armenia in 2015 is not sufficiently detailed in terms of agriculture. The second NDC 

is anticipated for 2020 which could include more details on adaptation in the agricultural sector. 

In addition, adoption of a National Climate-Smart Agriculture plan is among priorities for practical 

guidance, and more effective and focused use of resources towards climate change adaptation in 

agriculture7. 

Armenia Prospective Development Strategy 2014-2025 promotes development of agriculture 

through use of modern technologies, integration of rural household farms with the markets and 

enhancing productivity. Strategy of Sustainable Agricultural Development for 2010-2020 outlines 

the main priority directions in plant breeding and plant protection. Government Program 2019-

2023 mentions among its priorities undertaking measures towards mitigation of and adaptation to 

climate change, in compliance with the international commitment of the RA7. 

2.1 Water resources 

2.1.1 Legal aspects 

1. The Water Code of the RA and the laws of the RA “On Basics of National Water Policy” 

and “On National Water Program” do not sufficiently incorporate and directly address the issue of 

vulnerability of water resources and adaptation thereof to climate change. Therefore, relevant 

regulations are required in the water legislation to mainstream the considerations of vulnerability 

of water resources and adaptation thereof to climate change8. 

2. With the adoption of the Tax Code of the RA and subsequent changes to the Water Code 

of the RA privileges for double (secondary) use of water resources from fisheries and crab farms 

have been established. However, these provisions are not effective since (i) it is not clear whether 

double and secondary water use are identical; (ii) the limits for the secondary use of water are not 

established; (iii) relationship between the primary and secondary water users are not established, 

 
7 Armenia: Assessment of Agricultural Sector Vulnerability to Climate Change and Climate Change Adaptation: 

Legal and Institutional Framework. p. 44-45. 
8 Legal and institutional gaps, vulnerability assessment and adaption planning of water resources in the context of 

climate change. GCF-UNDP, 2020. 



 

10  

including risk management, incentives to raise the interest of secondary water users8.  

3. Low rates for the use of water resources do not facilitate establishment of relevant 

economic tools to foster effective water use and reduce losses both in drinking water supply and 

irrigation systems. In addition, proactive application of water-saving solutions is also slow. 

Furthermore, HPPs are exempted from the payment for the used water. In this respect, revision of 

the rates for the used water resources is required with the view of facilitating effective water use 

without causing solvency issues for the water users8. 

4. Considering the importance of river management plans as long-term strategic planning 

documents and bearing in mind the commitments of the RA under the CEPA to harmonize national 

water legislation with the principles of the EU Water Framework Directive (2000/60/EC), the 

objective of the river management plans, key measures and action plan and clear implementation 

mechanics shall be established. In this respect, the relevant measures in the CEPA Implementation 

Roadmap have quite general formulation (including those with respect to monitoring issues), thus 

causing uncertainties in terms of effective implementation thereof8. In addition, the CEPA 

Implementation Roadmap provides inaccurate information with respect to having implemented 

measures to achieve compliance with the EU Directive “On the Assessment and Management of 

Flood Risks” (2007/60/EC) management, while in practice no significant steps have been 

undertaken8. 

5. The Lake Sevan has an exceptional importance as the biggest reservoir of freshwater in 

Armenia as well as an invaluable cultural asset. In order to improve the ecosystem of the lake and 

eliminate climate change impacts thereon respective environmental, legal and economic measures 

are required, including stricter regime of administrative and criminal liability and control, raising 

awareness of the public on the protection of the lake ecosystem, enhancing the cooperation 

between public authorities and academic institutions conducting monitoring, application of 

innovative technologies, reducing the pollution of the lake with household wastewater from nearby 

communities8. 

6. Vulnerability of water resources to climate change is not addressed either in the “Strategic 

Development Program of Hydro-energy of the RA” (2011) or in the “Natural Resources 

Management Strategy” (2018). The first document recognizes the importance of sustainable use 

of hydro-energetic resources in the context of energy security and independence; however, the 

considerations of vulnerability of water resources to climate change is omitted. The second 

document is rather limited in the listing of its principles: ensuring sustainable protection of forest 

ecosystems through neutralizing and reducing the impact of climate change and anthropogenic 

factors. A thorough revision of the respective strategic documents is, therefore, required to 

incorporate the considerations of vulnerability of water resources and adaptation thereof to climate 

change8.  

7. Water use permits are the main legal tool to ensure environmental, economic and health 

considerations are taken into consideration when the right to water use is granted. In this vein, the 

legislation puts forward certain conditions for rejecting the application for water use permit, 

termination and cancellation of permits in force. Not mentioned among those conditions are the 

implications of negative conclusions of environmental impact expertise, meaning in theory a water 

use permit could be granted even though the right to water use is not permitted. Such 

inconsistencies in regulations may lead to adverse environmental impacts, including increased 

vulnerability of water resources to climate change8. Currently, an electronic tool to apply for water 
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use permits is being tested: the implementation of an e-application tool will allow reducing 

bureaucracy, simplify the procedure, and save time8. 

8. Governmental Decree of the RoA N217 from 07 March 2003 lists the documents 

elaborated by the water resources management and protection authority that are subject to public 

notification. But the Decree is silent about the mechanisms of public participation that would be 

much useful in terms of raising public awareness and ensuring engagement8. 

9. Although the legislation in force enshrines the opportunity of public participation almost 

in all types of documents, effective mechanisms to ensure public participation are currently not in 

place. In particular: 1) the notification mechanisms and tools do not permit timely public 

information and submitting comments; 2) the absence of feedback mechanisms; 3) insufficient 

involvement of local self-government bodies in public notification processes and follow-up 

consultations regarding planned water use permits; and 4) inefficient means of notification 

reaching the concerned public8. There are further legal and procedural uncertainties with respect 

to challenging the documents in water sector elaborated by the MoE8.  

10. Governmental Decree of RoA N68 from 2 February 2017 “On Approval of the Order of 

Running State Water Cadaster” has several shortcomings with respect to collection and processing 

the data, cooperation between different authorities entitled with functions in the sphere of water 

management, ensuring compatibility of data and public accessibility of information contained in 

the cadaster8. 

2.1.2 Institutional aspects 

1. Since 2000, the concept of decentralized water management has been established in the 

water legislation of the RA that should have been conducted by regional water basin management 

bodies within the structure of the Ministry of Environment (MoE) of the RA. In practice these 

bodies are not able to effectively and fully conduct their functions, e.g., assist the MoE with 

processing of water use permit applications, monitoring and ensuring communication with 

communities. Two different terms are used to refer to the same bodies: (1) water basin management 

bodies, and (2) water basin regional management departments. Accordingly, the term “water basin 

management plan” is used instead of the internationally accepted term “river basin management 

plan”. Moreover, the concepts of “river basin management plan” and “comprehensive management 

plan of water resources” allow misinterpretations throughout the water legislation. Thus, the 

unification of legal terms in different acts is required. In addition, the order of appointment of the 

heads of water basin management bodies shall be revised; the subjects involved in development, 

approval, implementation of water basin management plans shall be clearly defined; and their 

professional and technical capacities enhanced8. 

2. In 2019, the National Water Council was eliminated and its functions transferred to the 

MoE of the RA. The Council was the higher consultative body in the sector of water resources 

management, which was in charge of discussing and presenting proposals on national water policy, 

national water program and other legal acts, and preparing conclusions. The Council also had a 

dispute settlement mechanism as part of its structure. Elimination of the Council raises concerns 

with respect to centralizing both the permitting and dispute settlement (arising from permits) 

functions in the same body. In addition, the Council was to ensure multi-stakeholder, inter-

disciplinary and inter-agency cooperation with respect to policy and strategic documents as well 

as water use permits of special significance8.  
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3. Public councils under different authorities are established. However, their activities are not 

sufficiently effective and are not well organized. Such councils are to be established also in the 

structure of water basin management bodies, which could ensure effective cooperation between 

different authorities and stakeholders8. 

4. In order to enhance the quality of water resources management and ensure that the relevant 

hydro-meteorological phenomena are detected and early warning system enacted, further 

development and innovation of the SNCO “Center of hydro-meteorology and monitoring” is of 

key importance8. Within the Program EUWI+ significant technical assistance has been provided 

to the laboratory which is currently undergoing the process of international certification8. 

5. According to the current legislation MoE is not entitled to formulate the qualitative and 

quantitative demand for water resources monitoring, though preliminary qualitative and 

quantitative assessment is important prior to monitoring. Therefore, the functions of the MoE shall 

be revised with the view to mandate the Ministry with the mentioned function8. In addition, the 

national monitoring indicators shall be harmonized with the EU standards, including carrying out 

hydro-biological monitoring. This task is complicated for several reasons, including lack of 

financial resources, shortage of data, lack of innovative equipment and technology8. 

2.2 Agriculture 

2.2.1 Legal aspects 

Provisions promoting sustainable agricultural production, plant protection, and animal husbandry 

technologies and practices are enshrined in a number of laws and bylaws. Among other matters, 

these documents focus on climate change mitigation, while little attention is given to climate 

change adaptation issues. In addition, strategy level provisions covering effective climate change 

impact monitoring, risk assessment, and climate change adaptation measures are not sufficiently 

transformed into operating legislation which amounts to the following general shortcomings: (a) 

high level provisions are not properly cascaded to the enabling legislation on the secondary and 

tertiary levels; (b) lack of effective inter-agency coordination and cooperation; (c) insufficient 

level of knowledge of skills to mainstream climate change adaptation consideration into 

legislation; (d) lack of high quality, timely and user-friendly data for decision-makers, extension 

services and farmers; (e) lack of effective incentives to promote investment in research and 

development related to climate change impact and climate-smart agriculture7. 

1. The Land Code of the RA, Government Decree N1371-A from 2013 and Governmental 

Decree N1404-N from 2017 contain regulations on preparation of agro-chemical maps and 

protection of fertile layer of the land, including when it is removed for conservation or 

transportation. Agro-chemical maps of Armenia are outdated; thus, they are subject to update. In 

addition, the practice of implementing comprehensive water and soil analysis is missing which 

further hampers relevant studies with respect to mining activities. Revisions to the mentioned legal 

acts should be aimed at ensuring up to date agrochemical maps and assuring high-quality and 

availability of agrochemical studies7. 

2. Pasture management regulations are enshrined in Governmental Decrees N389-N from 

2011, N1477 from 2010, N954-L from 2020, N6 from 2019. The gaps and shortcomings in these 

regulations amount to the following: (a) no monitoring procedure and sanctions for unsustainable 

practices. Monitoring obligation should be imposed on municipalities; (b) the 3-year term for 

pasture rental is too short for promoting sizable investments, and it should be prolonged at least 
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for a 5-year term; (c) pasture renting contracts do not include requirements for effective pasture 

management and improvement thereof. Thus, additional requirements related to environment 

protection and climate change mitigation/adaptation should be established to be adhered by the 

renters; (d) the procedure for granting permissions for pasture use by the communities are 

unreasonably burdensome; (e) animals’ movement and mechanisms for grazing control issues are 

not properly addressed7. 

3. The Law of RA “On Organic Agriculture” does not properly integrate climate change 

considerations and its effects on plant protection issues, as well as risks mitigation and adaptation. 

Thus, it is recommended that the basic requirements for organic agriculture be revised, and the 

influence of climate change on plant protection policies and measures taken into consideration7. 

4. Laws of the RA “On Phytosanitary” and “State Control of Food Safety” lack requirements 

of climate risk assessment, analysis and monitoring7. 

10. The Law of the RA “On Phytosanitary” and the Decree of the Head of the SSFS N321 from 

2012 in provisions related to import requirements and quarantine control condition the prevention 

of the import of foreign varieties of flora and fauna to Armenia only on varieties of quarantine 

significance, while other foreign, invasive organisms are not covered. In order to improve the 

prevention regime, it is recommended to establish a comprehensive list of the most dangerous 

varieties and to assess associated risks. For this purpose, validation of seed and sapling quality 

control and application of international certification standards are required, including improvement 

of international certification processes and clarification of validation processes7. 

5. Government Decree N15 from 2017 (Concept on prevention of damages, caused to 

agricultural sector by natural disasters) addresses issues related to protection against natural 

disasters, including the potential effects of climate change on extreme events and on agriculture. 

In order to further enhance the climate change provisions it is recommended to add provisions on 

more specific climate change mitigation and adaptation actions in subsequent legal acts 

operationalizing the Concept7. 

6. Governmental Decree N10 from 2014 (Animal identification and registration Program) 

does not properly address the issues of mitigation of and adaptation to climate change. In addition, 

the Program poorly describes the interdepartmental cooperation in terms of climate change and 

environmental protection. In this respect it is recommended to expand the scope of direct and 

indirect beneficiaries of the AI&R program and establish clear and effective management, access 

and use of the data7. 

7. Governmental Decree N6 from 2018 does no clearly define the mechanisms of monitoring 

(including sampling and laboratory testing) of GMOs. Therefore, the monitoring and control 

sections of the Strategy need further improvement considering the structure of agriculture in 

Armenia (large number of small-size farms). A parallel approach could be incentivizing 

cooperatives7. 

8. Governmental Decree N1692 from 2004 does not cover the issue of sustainable use of 

fertilizers in terms of climate change adaptation. Thus, the respective provisions shall be subject 

to revision7. 

9. The Law of the RA “On Food Safety” and the Governmental Decree N1315, 2015 lack 

relevant provisions to ensure traceability in the agro-food supply chain, agro-rural, veterinary and 

food processing registers are not established. Therefore, it is recommended to amend the Law and 
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the Governmental Decree to establish effective links between the AI&R system and food 

traceability7. 

10. The Law of the RA “On Veterinary Medicine” does not establish an effective conceptual 

framework and rules for the use of veterinary medicine (antibiotics repellents, anti-parasitic 

means), thus not avoid irregular use of medicines that negatively affect both animal and human 

health. In this respect the Law shall be amended to effectively regulate the use of veterinary 

medicine7. 

11. The Law of the RA “On Agricultural Machinery Exploitation” and relevant secondary 

legislation do not include environmental requirements in relation to agricultural machinery and 

exploitation thereof. The situation is further complicated since around 90% of agricultural 

machinery in Armenia is outdated. It is recommended to improve the requirements and state 

control of the use of agricultural machinery, including mandatory checkup and compulsory filters 

for worn-out machinery7. 

12. The Law of the RA “Agricultural Cooperatives” and the Tax Code of the RA do not provide 

effective tools for agricultural cooperatives to obtain and utilize agricultural loans due to 

burdensome collateral requirements and procedures. Therefore, it is recommended to simplify the 

respective procedures and ease the tax regime for cooperatives7. 

13. The Law of the RA “On Food Safety” and related secondary legislation do not provide for 

sufficient legal and institutional capacities to implement good practices such as HACCP. 

Implementation of HACCP though required in the law, has been delayed several times in the last 

10 years. Therefore, it is recommended to (a) establish procedure for certification of HACCP 

system; (b) establish effective links between the AI&R and food traceability; (c) establish special 

food safety education/training courses7. 

2.2.2 Institutional aspects 

1. Insufficient coordination among government agencies in the strategy design process entails 

that climate change factor is not effectively reflected in overarching as well as in sector-specific 

strategies. This situation is further complicated by lack of knowledge and skills in terms of 

mainstreaming climate change issues into the strategy and policy design and implementation in 

agricultural sector. In order to address this general issue designation and delivering of special 

trainings for public and community officials is required. In parallel, enhancement of inter-agency 

information exchange and cooperation mechanisms is of key importance7.  

2. Laws of the RA “On Phytosanitary” and “State Control of Food Safety” do not link climate 

change considerations to the functions of the authorized body related to forecasting, diagnosis and 

prevention of pest and disease outbreaks, risk management, research. Therefore, the provisions on 

plant protection policies and measures should be revised to accommodate the factor of climate 

change7. 

3. Agro-climatic zoning of Armenia is incomplete, and the cadaster data are outdated. The 

Ministry of Economy (in charge for agriculture) does not possess up to date, accurate agro-climatic 

maps to enable effective planning and implementation of agricultural works, climate change 

mitigation and adaptation. In order to enhance the capacity of relevant institutions it is 

recommended to: (a) equip the Cadaster Committee with hardware and software for creating and 

maintaining accurate and up to date digital maps and relevant data, including ensuring availability 

thereof; (b) create effective platform for cooperation between agencies in designing and updating 



 

15  

agro-climate maps; (c) create electronic platform for methodology and agro-climatic maps7. 

4. Insufficient number of meteorological stations and lack of modern accurate equipment and 

devices in existing posts create obstacles for generating the required volume of meteorological 

data and ensuring its quality, which in its turn hampers effective forecast and addressing climate 

change risks. In order to enhance to quality and the volume of meteorological data it is 

recommended to renovate the existing meteorological post and establish 5 new posts in selected 

areas. In addition, the meteorological data shall be accessible to local communities in a user-

friendly and understandable form to enhance the efficiency of agricultural works7. 

5. Significant part of agricultural research does not reflect effectively the real needs of the 

agricultural sector for climate change mitigation and adaptation. The selection of research topics 

often has little relevance to real challenges and opportunities in the context of climate change. And 

lastly, the results of the research work are not readily available for farmers, agricultural service 

providers and other stakeholders. Therefore, it is recommended to: (a) improve the mechanism of 

selection of research topics; (b) improve cross-disciplinary cooperation among research 

institutions; (c) enhance financing mechanisms for research and development both for public and 

private institutions; and (d) create an online platform at the MoE to compile the research works 

and innovative suggestions7. 

6. Extension services are weak and unable to effectively meet the demand for agricultural 

consultancy on sustainable agriculture, climate change mitigation and adaptation technologies. For 

the purpose of strengthening the extension services it is recommended to: (a) provide trainings for 

the personnel and specialists on climate change issues; (b) make design and marketing of extension 

services financially viable; (c) ensure sufficient public financing for extension services; (d) 

enhance mobility of extension services; and (e) establish effective cooperation with scientific and 

research centers7. 

7. The confusion and overlap between functions of the Food safety department of the MoE 

and the Food Safety Inspection results in inefficiencies in designing policies and regulations in 

climate change mitigation and adaptation issues, as well as other cross-cutting issues in the sector 

of food industry, food production and food safety. Therefore, it is recommended to ensure effective 

division of functions and roles between relevant agencies7.  

8. The newly established Center for Agricultural Services (CAS) SNCO is still undergoing 

formation. The functions and responsibilities of the organization are established but the respective 

executive mechanisms are not fully developed. In addition, the staff of the CAS is not completed 

yet. In order to enable proper functioning of the CAS it is recommended to: (a) design and provide 

special training programs for staff of the CAS; (b) involvement of the staff in international projects; 

and (c) Effectively link the AI&R system with AniPas system7. 

9. Veterinary-Sanitary and Phytosanitary Laboratory being the only laboratory implementing 

testing and analysis of animal diseases, raw material of animal origin, and food products faces a 

number of challenges, such as: (a) insufficient capacity and procedures for effective tracking of 

the samples; (b) insufficient level of financing and technical equipment. To enhance the efficiency 

of the laboratory it is recommended to link the management to the lab data to the Animal 

Identification and Registration System7. 

10. National Association of Veterinarians (NAV) is young and has a limited financial and other 

resources to expand its operations and fulfill some specific tasks. In order to facilitate the 
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improvement of veterinary services and data collection it is recommended to: (a) support NAV 

and engage in the promotion of Climate-Smart Agriculture technologies and practices; (b) design 

and provide special training programs for the staff and members; (c) engage veterinarians in the 

AI&R process7. 
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3 Risks, Impacts, and Vulnerabilities of Climate Change in Armenia 

3.1 Water resources 

One of the main impacts of Climate Change is 

the effect on the global water cycle. The effect of 

Climate Change on water sector is not uniform 

and can differ in different regions and seasons. 

For example, an increase in annual mean 

precipitation and a change in the frequency and 

intensity of extreme precipitation events at high 

latitudes is expected. On the other hand, a 

decrease in rainfall is expected in many dry 

regions, with significant reductions in renewable 

surface water and groundwater resources9. The 

frequency and severity of floods is also projected 

to increase globally. Modeled scenarios also indicate that the frequency of meteorological droughts 

(less rainfall) and agricultural droughts (less soil moisture) will increase in dry regions9. 

The impacts of climate change on water are magnified in the context of global population growth. 

For example, even with minimal or moderate decreases in water availability, the impacts can be 

magnified in regions with high population density and rapid population growth, leading to resource 

degradation with trickle down effects across a number of sectors10. 

Around 9,500 small and medium rivers flow through the territory of Armenia with a total length 

of about 25 thousand km. The longest rivers within the borders of Armenia are Akhurian (186 km), 

Araks (158 km), Debed (154 km), Hrazdan (141 km) and Vorotan (119 km). The density of the 

river network over the country’s territory varies widely - between 0 to 2․5 km/km2. The rivers of 

Armenia are characterized by highly disproportionate distribution of flow, both in annual and 

perennial terms. The largest lake in Armenia is Lake Sevan - one of the largest highland freshwater 

lakes in the world. The Lake level is 1,900.5 m, the surface area is 1,278.7 km2 and the volume is 

38.2 km3 (2017). There are also about 100 small mountain lakes in Armenia with a total volume 

of 0.8 km3. According to the official data of the RA Statistics Committee, in 2017, the Water 

Exploitation Index (WEI) was 36.9%, compared to 41% of the previous year4. All water resources 

combined in Armenia are sufficient to supply about 3,100 m3 of water per capita annually4.  

To address the seasonal fluctuations in the river flow, 87 reservoirs with a total volume of 1.4 

billion m3 have been constructed in Armenia. The average volume of water storage per capita in 

Armenia is about 465 m3, which is considered to be a low index for a country with semi-arid 

climatic conditions. Compared to neighboring countries, Armenia's water storage capacity is close 

to Iran, but substantially lower than that of Georgia, Azerbaijan or Turkey4.  

Groundwater resources play an important role in Armenia's overall water balance. The internal 

 
9 “Freshwater resources.” In Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part 

A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report 

of the Intergovernmental Panel on Climate Change. IPCC. 2014. 
10 Climate Change Adaptation Technologies for Increased Water Sector resilience. A Practitioner’s 

Guide. UN Environment – DHI Centre on Water and Environment, Climate Technology Centre 

and Network (CTCN) and the UNEP DTU Partnership,2017. 

Definitions 
 

Climate change Risk — a risk facing business and 

governmental entities resulting from climate change and 

affecting natural and human systems  

 

Climate change adaptation – adapting to life in a changing 

climate – involves adjusting to actual or expected future 

climate. The goal is to reduce our vulnerability to the harmful 

effects of climate change (like sea-level encroachment, more 

intense extreme weather events or food insecurity). 

 

Climate change mitigation consists of actions to limit the 

magnitude or rate of global warming and its related effects. 

This generally involves reductions in human emissions of 

greenhouse gases. 
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renewable groundwater resources at 4.311 km3/year11 

According to the World Resources Institute, Armenia is ranked 34th among the 164 UN member 

states in terms of water stress, as a country with high baseline level of water stress4. According to 

the RA Statistics Committee the water stress in 2017 was 57.8%.  

The following main risks and impacts of CC on water sector exist: 

➢ Water Cycle alterations: The water cycle is a delicate balance of all stages in it. Climate 

change is altering nearly every stage of water cycle. Republic of Armenia’s 4th National 

Communication on Climate Change reports that during the period of 1935- 1996, the average 

annual precipitation decreased by 6% and in 1935-2016 - by about 9% in Armenia. Atmospheric 

precipitations are projected to decline by up to 2.7% by 2040, 5.4% - by 2070 and 8.3% - by 2100, 

relative to the baseline annual average (592 mm) for 1961-1990, in Armenia4. Additionally, the 

spatial distribution of precipitation is reported to be quite irregular in Armenia as well4. During the 

period of 1935-2016 the climate in the north, south and central regions of the country has become 

more arid, while precipitations have increased in the Shirak plain, in the Lake Sevan basin and in 

the Aparan-Hrazdan regions4. 

According to USAID Climate Risk Profile Armenia Factsheet, it is expected that extreme rainfall 

days will increase by 22 to 32 %, whereas 7 to 11% increase in the number of consecutive days is 

expected by 20502. There is likely to be less water in rivers and streams because of reduced winter 

snow pack and spring runoff. The reduced river flow and lake levels might impact the groundwater 

reserves, through the delicate balance of discharge and recharge4. 

➢ Direct and indirect effects on water supply: The changing variability of rainfall patterns 

and rising temperatures will contribute to increased water scarcity and droughts12. Water scarcity 

can be linked to two core drivers - natural and human. Natural water scarcity is a result of lower 

than usual precipitation and freshwater flows, leading to a physical lack of water. For example, 

many rivers experience seasonal variations in flows, and as a result flows in the dry season are no 

longer sufficient to sustain optimal human and ecosystem activity. In addition, water use has been 

growing at more than twice the rate of population increases in the last century. 

Currently, the global climate change impact on the freshwater sources in Armenia has already been 

recorded. Long-term meteorological monitoring revealed a 3–5% reduction of the maximum and 

minimum flows and their nonuniform seasonal distribution in the most part of rivers4. It is 

estimated that in 2030 the atmospheric air temperature will increase by 4.7°C and the total river 

run-off will decrease by 0.48 billion m3 (by 6.7–7.4%) compared with the base period (1961–

1990). The snow cover is expected to decrease by 20 to 40% in 21003. 

The climate change impact on water resources is more evident in the central part of the country 

(the Hrazdan and Metsamor Rivers Basins), which is overpopulated and scarce in water resources, 

as well as in the southern part of the country (the Voghji and Meghriget Rivers Basins), where the 

climate is dry4. The origins of these river basins are the main sources of drinking water for adjacent 

communities. In these regions, the reduction of river run-off under the global climate change can 

also deteriorate the reduction of water quality in freshwater reservoirs and even further create more 

 
11 FAO AQUASTAT (http://www.fao.org/nr/Water/aquastat/countries_regions/Profile_segments/ARM-WR_eng.stm), 

FAO, 2020 
12 Technologies for Adaptation in the Water Sector. TEC Brief #5, United Nations Framework 

Convention on Climate Change. UNFCCC. 2014 

http://www.fao.org/nr/Water/aquastat/countries_regions/Profile_segments/ARM-WR_eng.stm
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difficulties between water supply and demand for clean water4. 

The impacts of climate change will be particularly severe for Lake Sevan. The 28 rivers and 

streams that flow into the lake are expected to decrease by 41 % or 310 MCM by 2100. The tunnels 

that divert water to Lake Sevan may also face reduced flows at the source (for example, Arpa River 

flow is projected to decrease by 66 % by 2100). Furthermore, due to the reduction in volume and 

increase in air temperatures, water quality may deteriorate13. 

Worldwide, due to climate change, the projected reduction in the recharge of groundwater varies 

between 2.6 (best‐climate scenario) and 4.4% (worst‐climate scenario) till 2021, and between 11.4 

(best‐climate scenario) and 16.8% (worst‐climate scenario) by 2051. In long periods of droughts 

there is a higher risk of depletion of aquifers, especially in case of small and shallow aquifers.  In 

Armenia too, the discharges of springs of Ararat Artesian Basin supplied by groundwater have 

been reported to be reduced considerably. In particular, the discharge of the Metsamor-Aknalich 

group of springs has decreased. Yet this group of springs is the water source of Metsamor (Sevjur) 

River, which in turn is the water source for many irrigation canals and pump stations. Due to the 

continuous reduction of water flow in the Metsamor-Aknalich springs, the flow of the Metsamor 

River has reduced from 17.8 m3/s (1983) to 3.0 m3/s (2013)14. 

Yet, another indirect effect of the climate change on water supply is the deterioration of the water 

quality (see below) and subsequent impossibility to use these resources for human needs10. 

Scarce water resources will have an impact on the agriculture sector, as most agricultural land is 

dependent on irrigation (see Chapter 3.2), as well as energy sector, since power generation from 

hydro-electric plants and cooling water for nuclear and thermal generation plants depends on river 

water. The decline in flow rates will increase the threat of failing to meet domestic electricity 

demand4. 

Climate change is also likely to decrease water supply in transboundary basins. Future streamflow 

is assessed to decrease by 45–65 % in the Khrami-Debed basin (Armenia/Georgia) and by 59–

72 % in the Aghstev basin (Armenia/Azerbaijan) by the end of the century6. 

➢ Direct and indirect effects on water demand: In addition to changing the water cycle and 

reduced water supply potential, climate change could change how we use water and how much we 

need10.  

The average water abstraction in 2013-2017 in Armenia was 3,027 million m3 per year, 40% of 

which was groundwater8. Approximately 61% of water is used for irrigation, 39% for industrial 

uses, in households, and in fish farming. Although there is on average 3,100 m3 water supply per 

person per year, the water resource distribution is not uniform8. 

There are many different types of water demand. Sectoral water demands can be expected to 

change over time in response to changes in population, settlement patterns, wealth, industrial 

activity, and technology. In addition, climate change will probably alter the desired uses of water 

(demands) as well as actual uses (demands in each sector that are actually met). The overwhelming 

water use increases are likely to occur in the domestic and industrial sectors, with increases of 

water withdrawals by 14-83% by 205015. This will lead to additional pressures on drinking water 

 
13 Toward integrated water resource management in Armenia. World Bank, 2014. 
14 Clean energy and water program. Assessment Study of Groundwater Resources of the Ararat Valley. USAID, 

2014. 
15 IPCC Fourth Assessment Report: Climate Change. IPCC 2007 
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delivery systems, which are already under stress due to population growth and lack of investment 

in the aging water infrastructure. This will not only necessitate finding alternative water sources 

for urban and rural drinking water supplies, but also increase the potential for conflict where local 

resources are scarce. Lack of an adequate water supply is also linked to vital health issues such as 

sanitation and water borne diseases. Changes in water quality may also affect the energy and 

investment needs for processes that require particularly high-quality water inputs (e.g., the 

pharmaceutical industry). An indirect but small secondary effect on water demand would be the 

increased electricity demand for cooling of buildings, which would tend to increase water 

withdrawals for cooling of thermal power plants15.  

Unfortunately, there are no estimations on the effect of climate change on water demand on 

different sectors in Armenia. 

Irrigation water withdrawals account for almost 70% of global water withdrawals and 90% of 

global consumptive water use16. Given the dominant role of irrigated agriculture in global water 

use, management practices that increase the productivity of irrigation water use (defined as crop 

output per unit of consumptive water use) can greatly increase the availability of water for other 

human and environmental uses17 (for more details on irrigation water and climate change, see 

Chapter 3.2). 

➢ Impacts on water timing: Additional effects of global climate on water resources include 

impacts in water timing, and physical and economic consequences of these effects. For example, 

it is expected that the runoff seasons will take place earlier and will be shorter in duration, 

impacting all human activities and ecosystem services dependent on runoff10. 

According to USAID Climate Risk Profile Armenia Factsheet, 7 to 11% increase in the number of 

consecutive extreme rainfall days is expected by 2050. The estimates of likely precipitation 

reductions range between 7 to 10 % in monthly average precipitation from June to September by 

20502. 

It is estimated that by 2050 there will be an increase in average annual temperature of 1.6° to 

2.2°C, an increase in the number of “hot” days and nights; a decrease in the number of “cold” days 

and nights and an increase in the number of consecutive dry days by 7 to 11 % in Armenia by 

20502. These longer dry periods, together with the estimated reductions of 7 to 10% in monthly 

average precipitation during June to September period increase the risk of drought in Armenia. 

Rising surface temperatures are expected to increase the proportion of winter precipitation 

received as rain, with a declining proportion arriving in the form of snow. Timing of runoff will 

affect the value of hydropower potential in some basins if peak water runoff occurs during nonpeak 

electricity demand. Energy shortages and resulting energy price increases will provide incentives 

to expand reservoir capacities or develop alternative energy sources.  

A shift in stream hydrographs to more winter flow may also disrupt the life cycle of cold-water 

fish species, such as salmon, which depend on late spring flows to “flush” young salmon to the 

ocean, and on summer flows to moderate water temperatures. Unless winter runoff is captured and 

stored for late spring or summer use, fewer salmon smolt will survive migration and more frequent 

 
16 World water resources at the beginning of the 21st century. International hydrology series. 

Shiklomanov, I. A., and Rodda, J. C. 2003 
17 Role and use of economic incentives in irrigated agriculture. Technical Report. World Bank, 

2002. 
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fish kills will occur from lethal stream water temperatures. Such environmental impacts will 

intensify debates about consumptive versus instream water uses. 

➢ Extreme weather events: A crosscutting challenge relevant to all water sectors is the 

increasing risk from extreme events, such as floods, hails, droughts, landslides and mudflows10. 

Floods in this context include riverine floods and flash floods resulting from river overflows, as 

well as urban flooding caused by cloudbursts and intense, long lasting precipitation in areas with 

limited infiltration capacity. Today hydrological disasters claim the largest number of human 

victims and economic damage in comparison to other types of disasters. From 2004 – 2013 the 

average number of victims of hydrological disasters worldwide was more than 90 million annually, 

with annual economic damages of more than 30 billion USD18. 

The frequency and intensity of natural disasters has increased dramatically due to climate change 

over the last decades, both around the world and in Armenia.  

The number of cumulative cases of hazardous hydrometeorological phenomena observed on the 

territory of the RA during the period of 1975-2016 increased by about 40 cases from the baseline 

average (168 cases) for the period of 1961-1990 - constituting 23.5% of the multi-annual average 

value. Hailstorm cases were mostly observed in the Shirak plain; heavy rainfall cases in Tashir 

and Ijevan regions4.  

Floods in Armenia are most prevalent during periods of intensive snow melt coupled with a large 

amount of precipitation during spring months. River volumes sometimes increase by up to ten 

times their normal level. The river basins of the Araks, Hrazdan, and Aghstev rivers are more 

prone to floods. Flash floods occur once every two years in the river basins of Meghri, Vedi and 

Goris. Rainfall and melting snow increase the risk of mudflows in many parts of the country. Major 

floods between 1994 and 2007 occurred in Gegharkunik (159 cases), Lori (85), Shirak (72) and 

Aragatsotn (71)4. The year 2007 was marked by abundance of floods in the country. However, in 

2012- 2018 there has been a significant decrease in the incidence of floods. The highest number 

of floods was recorded in spring, mainly in Vayots Dzor and Gegharkunik regions4.  

The number of consecutive dry days in the observed period of 1935-2016 increased by 0․3-1․6 

days/10 years; the number of days with heavy precipitation at altitudes up to 2000 m increased by 

0․7 days, while at altitudes above 2000 m - decreased by 1 day/10 years. Indices of consecutive 

days with less than 1 mm precipitation and days with temperature above 25oC were estimated for 

all meteorological stations in Armenia using 1935-2016 data4.  

Reduced precipitation and humidity increase the risk of drought in Armenia (see above). High 

temperatures and hot winds occur between 120 and 160 days per year in the Ararat valley and 

other lowlands, making these regions more vulnerable19. Studies have shown that droughts are 

observed in the lower regions of Armenia almost every year, and in the foothill regions recurrence 

of droughts is about 50%. According to drought indices, the number of strong and very strong 

droughts during the period of 2000-2017 increased by 33 days relative to the baseline average (87) 

for 1961-1990. Based on the data from meteorological stations, positioned according to the zoning, 

drought assessment results show that in recent years the upper boundary of the drought zone has 

expanded to include mountainous areas, and the droughts start earlier4.  

 
18 Annual Disaster Statistical Review 2014: The numbers and trends. Brussels: Centre for Research on the 

Epidemiology of Disasters (CRED), 2015. 
19 Country report. Climate risk management in Armenia. UNDP, 2013. 



 

22  

Droughts in Armenia significantly affect the economy with drought-prone marzes having above 

average levels of poverty, such as Shirak (77.3 %), Lori (61.7 %), and Aragats (57 %). The 

frequency and intensity of droughts varies; in the most arid areas, severe drought occurs once or 

twice per decade. Armenia’s environment is vulnerable to drought, which intensifies 

desertification processes and aggravates secondary salinization. Approximately 80 % of the 

country is threatened by desertification in various degrees (and over 50% by severe 

desertification). 

Hailstorms are among the most severe natural hazards for the agriculture sector. Average annual 

losses are US$ 30 to 40 million. About 370 villages are in hailstorm risk areas, or 15 to 17 % of 

the country’s agricultural area. There is a high occurrence of hailstorms in the Shirak Valley, 

mountain passes, the Sevan basin and Syunik marz6. The analysis of trends showed that the 

frequency and intensity of hailstorms has significantly increased. The hailstorms in June 2011 and 

May 2013 were among the most severe on record in the country6. 

Around 122,000 hectares of land in Armenia is vulnerable to landslides, which are mostly triggered 

by heavy precipitation. Leakages from domestic water supply and irrigation systems are also 

perceived as contributing to landslides, as well as the deforestation of steep slopes. The existing 

irrigation, water supply, and sewage systems are poorly constructed, frequently contributing to 

landslide occurrences in Yerevan and surrounding towns. Mudflows are also a serious threat in 

medium-altitude mountainous areas, especially areas around the cities of Yerevan, and Kapan. 

From more than 3,500 landslides of various sizes occurring in Armenia, 90% are situated at 

altitudes from 2,000 to 1,500 m and below. Others are recorded at altitudes of 2,200 to 2,400 m 

and rarely beyond 2,500 to 2,600 m2. 

Natural disaster impacts are often the hardest in middle to low income countries that have low 

adaptive capacity. It is particularly relevant to consider adaptation technologies in these settings, 

as natural disasters contribute not only to immediate disruption and damage, but also significantly 

delay achievement of fundamental sustainable development targets20. The economic damage 

caused by floods between 1994 and 2007 is estimated at US$ 41 million. In this timeframe, 

flooding in Lori marz incurred US$ 18 million of damage, in Syunik marz there was US$ 13 

million of damage, in Tavush marz there was US$ 5 million of damage and Gegharkunik marz 

there was US$ 2.5 million of damage. It is estimated that severe flooding, such as the floods in 

2002, could cause damage of more than US$ 10 million4. 

➢ Quality of aquatic environments: The changing climate is affecting the water quality. 

Temperature increases, increasing frequency of floods and droughts and the impacts of human 

activity deteriorate water quality.  

In recent years, a number of projects have attempted to quantify the impact of climate change on 

water quality in Armenia.  Assessment of climate impact on river water quality has been carried 

out through a comparison of multi-annual average values for river flow and mineral, oxygen 

regime elements (correspondingly, for the time periods from 1960–1990 and 1980–1990) and the 

annual average values for 2007-20184. On the example of the Hrazdan River, during the period of 

2006-2018, water quality deteriorated compared to the 1980-1990 period. For the first time in the 

country, projection of water quality changes was implemented in 2015 for the Voghji River 

according to the projected climate change scenarios. It has been shown that if the existing 

 
20 Making Development Sustainable: The Future of Disaster Risk Management. Global Assessment Report on 

Disaster Risk Reduction. Geneva, Switzerland: United Nations Office for Disaster Risk Reduction. UNISDR. 2015. 
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anthropogenic pressures on the River are maintained, the quality of Voghji River water will 

continue to be of poor class up to 2025 due to high concentrations of many pollutants. As a result, 

eutrophication will occur, damaging the River’s ecosystem, including a possible decrease in 

aquatic biodiversity4.  

In her study Margaryan21 reported that the climate change has degraded the sources of water and 

changed the feeding regime of Marmarik, Gegharot, Geghi, and Meghriget rivers, thereby 

affecting the chemical composition of the river water.  

In recent years blue-green algae, have become increasingly dominant in summer in Lake Sevan, 

reflecting the eutrophication of the lake and formed a massive bloom event in 2018, 2019 and 

202022. 

3.2 Agriculture 

Within any economy, agriculture is the sector that is most sensitive to climate change. In Armenia, 

however, the risks are even more pronounced because the majority of the rural population depends 

on agriculture for their livelihood, food security, rural growth, and exports. Armenia’s 340,000 

very small farms – many less than 1 hectare in size – produce 98% of all crops and livestock6. The 

rural population is highly dependent on a stable climate for both food and income, and the urban 

population relies on family farms’ agricultural productivity to avoid food shortages, limit food 

imports, and keep food prices stable. More than 40% of Armenia’s agricultural production is for 

self-consumption on farms, and is essential to food security in rural areas6. 

Agriculture is vital to Armenia’s economy, accounting for 13.7% of GDP (as per 2018) and 

employing 39% of the country’s population. Agricultural production is vulnerable to increasing 

temperatures and reduced precipitation, particularly in areas requiring irrigation, likely causing 

reduced crop yield, damage to crops and livestock, and soil erosion2. With over 36% of the 

population living in rural areas, rural communities are especially vulnerable to and at risk from 

climate change. 

Key climate challenges for Armenia’s agricultural sector include: 

• increased temperatures in major agricultural regions, accelerating the historical trend; 

• more variable precipitation in Armenia as a result of climate change with the greatest 

impacts from July to October—a key period for agricultural production;  

• mainly negative direct temperature and precipitation effect of future climate change on 

crops, and indirectly on the livestock sector;  

• potentially negative direct effects of climate change on the livestock sector; 

• problems stemming from water losses due to irrigation inefficiencies, aggravated by 

forecast water shortages;  

• lack of adaptive capacity to current climate;  

 
21 Assessment of the Climate Change Impact on the Quality and Quantity of Drinking Water Sources in Armenia. 

Russian Journal of General Chemistry 87, no. 13. Margaryan, L. A., 2017. 
22 First report about toxic cyanobacterial bloom occurrence in Lake Sevan, Armenia. International Review of 

Hydrobiology. Gevorgyan, Gor, Karsten Rinke, Martin Schultze, Armine Mamyan, Anton Kuzmin, Olga Belykh, 

Ekaterina Sorokovikova et al.,2020. 
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• negative socio-economic impacts on rural communities, including food security and 

safety, and gender issues in agricultural sector. 

Risks and vulnerabilities are further exacerbated by the relatively low productivity stemming from 

a lack of adaptive capacity to the present climate, also known as adaptation deficit3. 

Assessing adaptive capacity of Armenia is challenging, because financial resources are the most 

limiting factor, as most adaptation measures require relatively large-scale investments. This kind 

of large investment projects are difficult to finance by local governments, however, cooperation 

efforts such as between the Armenian Government and the Millennium Challenge Corporation 

(MCC) to solve irrigation problems and water supply in Armenia through rehabilitation of existing 

infrastructure or the rehabilitation of the Ararat Valley drainage system, by extending the irrigation 

areas, would allow Armenia to meet the climate challenges of the agricultural system in the future6. 

Climate change threatens to hamper food production and curb rural incomes. Studies show that 

agricultural yields are expected to decline as a direct result of climate change, if adaptation actions 

are not taken3. In Armenia, an estimated 24% reduction in river flow is projected to result in a 15 

to 34% reduction in the productivity of irrigated cropland6. To give a more concrete example: the 

expected loss in yield for grapes and wheat would be 21% and 25%, respectively, amounting to 65 

to 145 billion AMD6. To put this in perspective: these estimated losses would amount to an annual 

loss of 2 to 5% of current levels of GDP6.  

It is predicted that these desertification processes will have a direct influence on land use and water 

resources in the region: significant increases in areas under desertification and under erosion along 

with severe depletion of groundwater reserves, especially in the Ararat Valley region, have already 

been recorded. Armenian farmers are already experiencing warmer days and nights, more variable 

precipitation, and more frequent and intense climate events such as floods, drought and untimely 

frosts. Their livelihoods depend on their ability to mitigate these adverse effects of climate change 

with help from the Government and the private sector. The country faces rapidly narrowing 

windows of opportunity to not only protect farmers from climate change impacts but also to realize 

the benefits that the changes can offer. The potential impacts of climate change on the livestock 

sector will result, in part, from impacts to the pastures used for grazing3. Climate change scenarios 

forecast that, by 2030, total pasture yield will decrease between 4 and 10%3. In the same time 

period, the productivity of the most valuable pastures, those in the sub-alpine and alpine zones, 

will decline by 19 to 22%3.  

Availability of fodder resources by 2030 is projected to be adequate3. However, the overall 

conditions of the majority of pastures are insufficient and if conditions are not improved, 

degradation could worsen4
: reduced fodder in the winter may cause animal grazing to start earlier 

and end later, which can result in increased degradation of pastures3. Soil humidity is also expected 

to decrease by 10 to 30%, moisture availability for various crops will decline by 7 to 13%, and the 

water deficit of land will increase by 25 to 30%3. Therefore, rain-fed farming in pre-mountainous 

and lower mountainous areas may decline3. Livestock diseases may also increase, in particular 

natural outbreak sites and contagious diseases3.  

Another important component of agriculture in Armenia that will most likely suffer under the 

negative impacts of climate change is aquaculture. It is concentrated in the Ararat Valley, and is a 

major user of underground fresh water. Aquaculture facilities consume fresh underground water, 

and often there is competition and even conflict for water use between aquaculture, agriculture and 

rural community populations. Aquaculture farms use underground fresh water unsustainably with 
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a single pass system and without water circulation despite existing alternatives. With less 

precipitation (especially in Shirak, Aparan-Hrazdan, Ararat Valley, and Vayk marzes), more rapid 

evaporation, and lower levels of soil moisture, a greater share of Armenia’s farmland will likely 

need irrigation, and each hectare will need more water for productivity6. Climate change will 

increase the need for irrigation water, and the conflict between fish farms and crop farms and 

neighboring communities will intensify.  

➢ Water scarcity: In the agricultural sector, one of Armenia’s most serious environmental 

problems stems from water losses due to irrigation inefficiencies with resulting crop fertility 

losses3. Furthermore, Armenian agriculture is considered at high risk due to limited land resources 

and inadequate moisture to support plant growth3. Agricultural lands in Armenia include annual 

and permanent crops (11% and 2% of the total country land area, respectively) and the country 

heavily relies on irrigation, mostly in the Ararat Valley where the majority of agricultural land is 

irrigated, especially due to reduced recharge of underground aquifers resulting from insufficient 

precipitation3. A decrease in river runoff accompanied with decreased groundwater reserves is not 

only due to the increased temperature, evaporation and decreased precipitation, but also due to 

reduced winter snow pack and spring runoff. A relative shortage of land and a need for better 

management of water resources make agriculture, in particular irrigated agriculture, in Armenia 

vulnerable to changes in conditions3. 

Due to semi-arid climatic conditions in Armenia, there is a strong reliance on irrigation especially 

in the south-western part of the country, where more than 80% of agricultural product value is 

currently obtained from irrigated land. Under current projections, higher temperatures and reduced 

precipitation in areas requiring irrigation, increased evaporation from the soil due to secondary 

salinization of land plots, heavy rains and floods increasing water-induced erosion, and droughts 

and hot dry winds worsening wind erosion of lands are expected by 20303. 

➢ Weather extremes, disasters:  Because of its steep geography and wide variety of climates, 

Armenia already suffers significant damages each year from land and mudslides, floods and 

droughts; these impacts will become more serious with climate change. Armenia’s poor and 

especially its rural poor populations – who are both more isolated from assistance and more 

dependent on agricultural productivity for food and income – will be more vulnerable to the long-

term effects of climate change, including education, labor productivity and health6. Therefore, 

measures must be taken to protect Armenia’s population from extreme weather-related damages6. 

If climate adaptation is not addressed by the state and is instead left to private actions and private 

purchases, the result will be an unequal distribution of adaptation and climate protection6. While 

affluent households might be able to afford to protect themselves from the worst effects of climate 

change, poorer households will suffer from preventable injuries to their livelihoods and standard 

of living6. Severe climatic phenomena already occurring with increasing frequency and duration 

and also threaten agriculture. Extreme events such as hail, spring frosts, floods, mudflows, 

droughts and forests fires in recent years caused significant agricultural damage, with subsequent 

economic losses. It is therefore fundamental that action should be taken to address the adaptation 

deficit as part of any climate change adaptation strategy. 

➢ Pests, invasive and expansive species:  Pests and crop diseases have historically affected 

food production either directly through losses in food crops and animal production, or indirectly 

through lost profits from insufficient cash crop yields23. Today, these losses are being exacerbated 

 
23 Climate change and transboundary pests and diseases. FAO, 2008. 
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by the changing climate and it is increasing volatility, threatening food security and rural 

livelihoods across the globe23. In developing countries, such as Armenia, a significant majority of 

smallholder farmers depend solely on agriculture, animal husbandry, and aquaculture for their 

survival. Changing patterns of pests and diseases will likely add additional strains to rural farmers 

struggle to produce food, whereas poor people in nearby urban areas may be left to contend with 

less availability in addition to higher food prices23
. 

While there is clear evidence that climate change is altering the distribution of animal and plant 

pests and diseases, the full effects are difficult to predict. Changes in temperature, moisture and 

atmospheric gases can fuel growth and regeneration rates of plants, fungi and insects, altering the 

interactions between pests, their natural enemies and their hosts23. Outbreaks of crop diseases and 

pests are likely to become more severe, owing to changes in the range of pests and diminished 

winter dieback. Changes in land cover, such as deforestation or desertification, can make 

remaining plants and animals increasingly vulnerable to pests and diseases. While new pests and 

diseases have regularly emerged throughout history, climate change is now throwing any number 

of unknowns into the equation. One such unknown is opportunities presented by climate change – 

for example, while pasture yields may decline in existing areas, the areas of these pastures could 

expand as the growing season lengthens. In addition, temperatures may rise in the foothill areas, 

where precipitation may increase or hold steady, enhancing the environment for fruit tree 

production. In Armenia data linking the spread of pests and diseases to climate change are not 

readily available. However, there is evidence suggesting forests (incl. urban forests) being at risk 

due to increased aridity and air pollution, which reduces growth rates and regeneration, making 

trees more susceptible to pests, diseases and forest fires. Higher temperatures will cause an upward 

shift in the zones appropriate to each species but tree species may have trouble migrating quickly 

enough to remain in a zone in which they can thrive. Reduced precipitation and increased 

evaporation will likely cause an encroachment of drought-tolerant species into existing forests. 

Where drought-tolerant species do not migrate quickly enough, dead zones or areas of extremely 

limited vegetation may develop, making them more vulnerable to invasive species with little to no 

competition. Furthermore, government efforts to improve the workflow to control newly spread 

pests, especially tomato and potato moth, suggests climate change as a triggering factor. 

Plant pests, including insects, pathogens and weeds, continue to be one of the biggest constraints 

to food and agricultural production8. With changes in temperatures and humidity levels, the 

populations of these insects may expand their geographic range, and expose animals and humans 

to diseases to which they have no natural immunity8. 

➢ Food security and safety: With low levels of productivity and a highly variable climate, 

Armenia has a significant food security risk24. With growing global demand and increased 

agricultural vulnerability under climate change, this food security risk could increase substantially 

for Armenia. 

Existing inequalities between rich and poor populations and vulnerable communities within 

Armenia are expected to be exacerbated due to climate change, and place a strain on institutions, 

food supply, and rural growth. Additionally, the country’s weak financial position and institutional 

capacity to respond to natural climate hazards also pose a threat to future sustainable agricultural 

production and rural development. 

Food security and nutrition also have a gender dimension24. Ensuring food security and nutrition 
 

24 Gender, agriculture and rural development in Armenia. FAO, 2017. 
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at household and community levels requires investing in nutrition-sensitive agriculture, which is 

likely to suffer from the impacts of climate change24. Climate change may also play a role in food 

safety. A growing number of pests and diseases could lead to higher and even unsafe levels of 

pesticide residue and veterinary drugs in local food supplies23. And changes in rainfall, temperature 

and relative humidity can readily contaminate staple food crops with fungi that produce potentially 

fatal mycotoxins23. 

3.3 Gender issues in the water and agricultural sectors 

In many contexts, women are more vulnerable to the effects of climate change than men primarily 

as they constitute the majority of the world’s poor and are more dependent for their livelihood on 

natural resources that are threatened by climate change. Women farmers currently account for 45-

80% of all food production in developing countries depending on the region. In the context of 

climate change, traditional food sources become more unpredictable and scarcer. Women face loss 

of income as well as harvests—often their sole sources of food and income. 

Related increases in food prices make food more inaccessible to poor people, in particular to 

women and girls whose health has been found to decline more than male health in times of food 

shortages25. 

Furthermore, they face social, economic and political barriers that limit their coping capacity. 

Women and men in rural areas in developing countries are especially vulnerable when they are 

highly dependent on local natural resources for their livelihood. 

Gender equality is key to eliminating poverty and hunger. It is only through closing the gender gap 

that strategies on sustainable agriculture and rural development can reach their full potential. A 

recent FAO report (2017) found major gender inequalities and highlighted the need for necessary 

improvements, considering women’s overwhelming involvement and contribution to Armenia’s 

GDP24. With 36% of the population in Armenia living in rural areas where gender inequalities are 

more entrenched and socially accepted or tolerated, the implementation of policies on gender 

equality becomes more difficult. In rural communities, 27.2% of households are female-headed 

households (FHHs). The high rate of long-term, male labor migration has increased the prevalence 

of FHHs, and are more likely to suffer from extreme poverty compared with male-headed 

households (31.5% and 29.4%, respectively) due to women’s limited economic opportunities, the 

gender pay gap and, above all, because FHHs tend to be single- parent households, with fewer 

economically active family members who bring in household income. 

All over the developing world, women and girls bear the burden of fetching water for their families 

and spend significant amounts of time daily hauling water from distant sources. The water from 

distant sources is rarely enough to meet the needs of the household and is often contaminated, such 

that women and girls also pay the heaviest price for poor sanitation. Those charged with the 

responsibility to secure water, food and fuel for cooking and heating face the greatest challenges. 

Secondly, when coupled with unequal access to resources and to decision- making processes, 

limited mobility places women in rural areas in a position where they are disproportionately 

affected by climate change. It is thus important to identify gender-sensitive strategies to respond 

to the environmental and humanitarian crises caused by climate change25. 

Inadequate access to water and poor water quality does not only affect women, their 

 
25 Gender and water. Securing water for improved rural livelihoods: The multiple-uses system approach. IFAD 

2012. 
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responsibilities as primary givers, and the health of their families’, it also impacts agricultural 

production and the care of livestock; and increases the overall amount of labor that is expended to 

collect, store, protect and distribute water25. 

Main gender inequalities in agriculture and rural development stem from: (1) an existing gap 

between legislation and implementation, (2) unpaid work in family farming and significant gender 

pay gap despite more than 50% of people involved in agriculture bare women, (3) unsatisfactory 

access to technical knowledge on agriculture, and barriers to accessing information, extension 

services and training, (4) inadequate access to labor-saving technologies and restricted mobility 

due to limited infrastructural development and modernization of households, (5) limited access to 

land ownership as most of the land is registered and managed by men, (6) limited access to credit 

and entrepreneurship, markets, mobility and agricultural inputs, and (7) having a lower social 

status than men and facing persistent gender stereotypes24. 
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4 Risk Mitigation and Adaptation Practices 

4.1 Risk Mitigation and Adaptation Practices in Water Sector 

4.1.1 Institutional policies and financing to strengthen capacities for adaptation 

Policies should create an enabling environment for adaptation to climate change through climate-

proofing of policy, and legal and institutional 

frameworks, and by strong communication. Climate 

change adaptation should be integrated into existing 

policy developments. Spatial planning is an important 

basis on which to develop policies that take into account 

all sectors. Policy development should be based on the 

principles of multi-level governance. Legislation should 

be developed in a flexible way and should not present 

barriers for adaptation. Transboundary agreements 

should include provisions for flow variability. The roles 

and responsibilities of institutions dealing with climate 

change adaptation should be clearly defined26. 

The private sector typically engages in adaptation in 

cases where it can directly benefit from its investments. 

Market forces are unlikely to lead to an efficient 

adaptation outcome. Governments should complement 

private sector contributions to adaptation to ensure that 

adaptation is funded up to the socially-desirable level. 

This could include funding infrastructure investments 

that may be required to manage and prevent the impacts 

of climate change, e.g., better water management, flood 

defenses and agricultural extension services. It is 

especially important that governments ensure that major 

planning and public sector investment decisions take into 

account climate change26. 

Regarding financial constraints, low income groups or 

poorer countries are unlikely to be able to come up with 

sufficient resources for adaptation actions. The impact of 

climate change therefore has the potential to further 

exacerbate existing inequalities both within and across 

countries. Here again, governments have an active role 

to play by setting up social safety nets for emergencies, 

for example cash or food for work and employment 

guarantee schemes26. 

 
26Climate change adaptation technologies for water. A practitioner’s guide to adaptation technologies fir increased 

sector resilience. UN Environment, 2017. 

Best practice 
Water management in Israel 
Israel is one of the most water-stressed countries in 

the world. To provide its rapidly growing economy 
with sufficient and reliable water and achieve water 

security, it has gradually implemented a policy that 
combines institutional and regulatory reforms with 

massive infrastructure investment structured along 

the following: Strong demand management to 

increase water productivity, to reduce per capita 

potable water consumption, and shift water to higher 

value irrigated crops. Water saving campaigns were 

demonstrably effective; they reduced water use by at 

least 10%. These included: 
-No car washing, filling pools, encouraging short 

showers, no spills in the gardens and watch your tap. 
-Using aquifers as reservoirs with recharge of 

aquifers with treated wastewater during low-demand 
months, capture of occasional flash floods, and 

comprehensive monitoring and control of aquifers’ 

levels and abstraction. Reuse of treated wastewater 

for irrigation to replace and release scarce fresh water 

for domestic and industrial uses and to safeguard the 

environment. More than 87% of treated wastewater 

effluents are reused for agriculture, representing 

approximately half of all irrigation water nationwide. 

Widespread tertiary wastewater treatment makes 

unrestricted reuse for irrigation possible. No 

innovation has been more important for Israel’s 

desert farms than drip irrigation. Most of the world’s 
farmers water their crops by flooding their fields with 

sprinklers or hoses, often wasting water as they go. 
With drip irrigation, a process pioneered in Israel 50 

years ago, water seeps directly into the ground 
through tiny pinpricks in hoses, avoiding water loss 

through evaporation. 
Large-scale desalination of seawater and brackish 

water to supply almost all potable water that 

municipal and regional utilities distribute in the 

country. Five “mega” seawater reverse osmosis 

(SWRO) desalination plants supply 85% of domestic 

urban water.  
A national bulk water conveyance system that allows 

to optimize the distribution of water across the 

country from various sources depending on demand. 

It conveys 95% of Israel’s potable water resources 

(surface water, groundwater, desalinated water) to the 

regional providers that supply end-users. 
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Governments should promote the development, 

diffusion and adoption of new adaptation technologies, 

e.g., irrigation or water supply technologies. In this 

context, there may be a role for governments to help 

finance priority technology development and 

implementation Beyond costing and funding 

infrastructure, adaptation finance is also about 

establishing appropriate incentives through market and 

fiscal instruments. The efficient allocation of water is an 

important adaptation policy. To achieve this, 

governments should consider reallocating water using 

legal provisions based on customary norms, which can 

include criteria such as pure economics, socio- 

economic considerations, employment creation, or the 

protection of small farmers. In the absence of water 

markets, and especially in cases of water scarcity, 

governments should improve water management by 

reallocating scarce water from low-valued to high-valued uses, provided that its equity 

considerations are safeguarded. This can be done through pricing mechanisms although, in 

practice, making certain groups such as farmers pay for water may be sometimes politically 

difficult. Alternatively, governments can assign water rights to current users and make these 

property rights tradable. In this case, markets are expected to reallocate water permits to higher-

valued uses26. Insurance can play an important role in reducing disaster risk and thus advancing 

adaptation to climate change disaster risk reduction and insurance, especially in poorer countries. 

Given the potentially vast scale of disasters and their ability to overwhelm the coping capacity of 

single countries, there is significant scope for recognizing the benefits of regional co-operation. 

Public-private partnerships to promote the development and use of climate-related insurance 

markets offer great potential for supporting adaptation. In the transboundary context, riparian 

countries should focus on generating basin-wide benefits and on sharing those benefits in a 

manner that is agreed as equitable and reasonable26. 

4.1.2 The integration of the water sector into National Adaptation Plans (NAPs) 

Water is a critical pathway through which climate impacts are experienced. Water security 

underpins sustainable development, and, therefore, warrants dedicated consideration in planning 

for strengthening climate resilience. Efforts to effectively integrate water as a channel for building 

climate resilience in the development and implementation of the NAP may be better supported and 

more carefully planned if there is a clear case made to do so27. The NAP process is multi-sectoral, 

involving Ministries of Environment as well as Planning and Finance, in addition to other key 

ministries. By bringing greater institutional integration and coordination to adaptation planning, 

NAPs can enhance ongoing national development planning processes, safeguard development 

gains, and build resilience27. 

 
27 Addressing water in National Adaptation Plans. Water Supplement to the UNFCCC NAP Technical Guidelines. 

GWP, 2019. 

Major legal and institutional reforms, implemented 

over the course of the last 15 years, with regulatory 

and pricing policies to approach financial 

sustainability of the water sector as a whole. This 

included changing the pricing principles of water 

from a public and social good to a commodity, 

institutional reforms with corporatization of service 

providers and the establishment of a strong national 

regulator. A law was passed in 2001 requiring ring-

fencing of municipal water services. A Parliamentary 

Investigation Committee for the water sector was 

launched in 2002. A landmark of the reform was the 

establishment in 2007 of the Israel Water Authority 

(IWA) as an autonomous government agency 

combining planning and regulatory responsibilities 

for all the elements of the water chain (potable water 

and sanitation, irrigation, water resources 

management). This allowed Israel to draw a line 

between the political level, which is responsible for 

policy setting, and the professional level, which 

manages the water sector. All the various regulatory 

bodies in the water and sewage sectors became 

gradually transferred to the IWA within a few years. 



 

31  

The overarching goal is to build 

climate resilience by improving 

water security. It is helpful to 

elaborate what this means for the 

specific national circumstances, and 

particularly, for different 

stakeholder groups. Increased water 

security and improved climate 

resilience through integration of 

water in the NAP process 

automatically contributes to 

objectives such as improving water 

management approaches, delivering 

adaptation commitments, 

implementing action prioritized in 

the country’s National 

Communication, delivering on the 

Sendai Framework for Disaster Risk 

Reduction, and achieving a 

country’s Sustainable Development 

Goal (SDG) targets related to water 

and climate resilience, possibly 

along with other related SDG goals. 

By understanding the broader 

landscape of national development 

priorities, pressures, and drivers, it is 

possible to incorporate relevant 

objectives into the vision and mandate for integrating water in the NAP process27. 

The NAP should enable the identification, prioritization, financing, and implementation of water- 

related adaptation strategies and projects, establish a framework for integrating water 

perspectives into planning, implementing, and monitoring adaptation actions that promotes 

climate resilience, in ways that are embedded with medium-to-longer-term development 

processes, empower stakeholders involved in using or managing water to participate effectively 

and efficiently in the process to formulate and implement NAPs, strengthen gender 

considerations in water-related adaptation planning and implementation. At the country level, 

NAPs should evolve out of existing adaptation and resilience-building processes, often within a 

wider climate change response that may include disaster risk reduction, disaster risk 

management, climate change mitigation planning, and climate finance. 

Best practice 
Restoration of Berlin Lakes, Schlachtensee and Tegel, Germany 
Lake Tegel and Lake Schlachtensee, two of Berlin’s lakes, are outstanding 

examples for the intensive multiple usage of an urban lake: as waterways for 

shipping, as a recreational area, but also as one the city’s major reservoirs for 

drinking water. 
Historically, the major tributes of Lake Tegel were fed by runoff from sewage 

farms, areas that treat sewage by soil filtration. Because for decades these farms 

were overloaded several-fold above their capacity, the sewage contained a high 

organic and phosphorus (P) loads. This caused extreme eutrophication in the 

lake, resulting in severe oxygen depletion. At times, anoxia extended from the 
bottom to 3 m below the lake surface. Turbidity was pronounced, with Secchi 

disc readings during summer usually in the range of 0.5 m or less. 
Lake Schlachtensee is located in southwest Berlin and is part of the Grunewald 

lake chain. The direct watershed of Schlachtensee is much smaller than that of 

Lake Tegel and also includes forests and suburban areas, but no industrial sites. 

Schlachtensee has experienced high nutrient loadings from the River Havel 

since 1913. However, Schlachtensee was never directly impacted by treated 

sewage, although it further receives storm water flows and overflows from the 

combined sewer system. 
In the 1970’s, heavy eutrophication was perceived a threat to the usage of Lake 

Tegel and Schlachtensee as important drinking water resources. Concerns 

particularly included the potential break-through of organic metabolites from the 

heavy phytoplankton (algae + cyanobacteria) blooms, e.g., taste and odor 
substances and substrate for bacterial re-growth. To maintain this close-to-

natural water treatment without a need for disinfection, a concept for the 

restoration of these lakes was developed aiming at a drastic and quick reduction 

of the external phosphorus loads. As a result, the external phosphorus loads to 

the two lakes were dramatically reduced by installation and operation of 

phosphorus elimination plants (PEPs) at their main inflows – in 1981 in Lakes 

Schlachtensee and in 1985 in Lake Tegel. At Lake Tegel, the external load was 

reduced by a factor of 40 and at Schlachtensee by a factor of 100, both within 

less than a year. 
The restoration was successful in improving the lakes ecosystems. After 

reduction of the external phosphorus load by phosphorus elimination plants, 

Lake Tegel and Schlachtensee in Berlin underwent a significant improvement 

with excellent trophic conditions for recreational use. 
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4.1.3 Adaptation practices in water sector 

➢ Too little water: the changing variability of rainfall 

patterns and rising temperatures associated with climate change is 

expected to contribute to increased frequency of water scarcity 

and droughts12. The risk of water scarcity is exacerbated by 

socioeconomic drivers such as population growth, economic 

development and associated increases in per capita water use, as 

well as expansion of agricultural and industrial activities9. 

Reduced flows and increased water stress have strong links to 

ecosystem health and water quality. Thus, mitigating water 

scarcity contributes not only to greater physical resource 

availability, but also sustained ecosystem health and nearly all 

socioeconomic activity, including energy production, agriculture and food production and 

industrial activity9. Some of the key adaptation response options to water scarcity are outlined 

below. 

Adaptation 

response 
Technologies  Description 

Water 

allocation 

Basin level 
modeling and 

seasonal 

forecasting 

A planning instrument (or set of instruments) to help optimize 
water allocation in a river basin among competing water uses. A 

combination of hydrological and economic models is typically 

utilized, first to estimate total water availability, which can then be 

used to assess environmental and economic impacts of different 
allocation management scenarios in the basin. This can help 

decision makers gain an overall picture of current water use trends, 

and to make optimal (and sustainable) water management plans for 

the basin. A wide array of models is available. 

Seasonal water 

rationing 

An approach to control water use rates among different users based 

on the seasonal availability of water and socioeconomic priorities. 

Rationing may take the form of water use restrictions for certain 
purposes, in certain times, or certain areas. The aim is to maintain 

equitable use among different users, as well as high levels of water 

productivity, throughout the year. 

Water re-

allocation 

The transfer of use rights between users who have been allocated a 

certain amount of water (through formal water use rights or 

entitlements, or informal arrangements), after it has been 

determined the initial allocation is physically impossible, or 
socioeconomically unfavorable. Resource re-allocation can help 

adapt to unforeseen circumstances (e.g. critical water shortages 

during the dry season), reduce stress on renewable water supplies 
and help optimize water use benefits. Can be either voluntary or 

non-voluntary. 

Water 

augmentatio

n 

Rainwater 

harvesting for 

infiltration 

Also known as in situ water harvesting, this is a practice in which 

rainwater uptake in soils is increased through the soil surface, 
rooting system and groundwater. Soil effectively acts as the storage 

agent, which improves water holding capacity and fertility and 

reduces risks of soil loss and erosion. Examples include terracing, 

Picture 2: Drip irrigation 

(source: 

https://technoconsult.hu/ont

ozorendszerek/mezogazdasa

gi 
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Adaptation 

response 

Technologies  Description 

pitting and conservation tillage. 

Urban green 

spaces 

Green spaces are areas covered by vegetation (e.g. grass, bushes or 

trees). Particularly relevant in urban settings, where they help to 
uptake and infiltrate water, decreasing runoff rates, which also 

often contain excessive amounts of pollutants. This subsequently 

reduces the pressure on water drainage systems and treatment 

facilities. The high-water retention capacity of vegetation makes 
them important for mitigating floods and managing urban storm 

water, and in creating opportunities for groundwater recharge. 

Conjunctive use of 
surface and 

groundwater 

The combined use and development of surface water and 
groundwater. Aims to increase the overall resilience of water 

supply by utilizing both sources of water, particularly in 

communities and basins with high water variability throughout the 

seasons. It often focuses on the advantageous role of groundwater 
for water storage, distribution and treatment (through biological 

processes). 

Managed aquifer 

recharge  

Water management approach that can be used to maximize natural 
storage and increase water supply system resilience during periods 

of low flows and high seasonal variability. During these periods’ 

aquifers are intentionally recharged to recover water. A managed 

recharge implies that the recharge process is controlled and ensures 

health and environmental risks are minimized. 

Surface water 

protection 

Entails measures that restrict overuse and pollution of water at its 

source, and may include regulations (e.g. water allocation quotas, 

water quality compliance regulations), compensation schemes (e.g. 
payments to industrial or agricultural users to reduce use of 

pollutants or extraction volumes, payments for ecosystem services 

schemes) or conservation measures in the upstream watershed. 
These include measures to maintain optimal water recharge and 

infiltration in upstream areas. 

Water 

efficiency 

and demand 

managemen

t 

Water efficiency 

in industry 

Behavioral, operational and technological changes for improved 

water efficiency in industrial production. Includes more effective 
leak detection and repair of water pipes and use of new and more 

efficient technologies (e.g. pipes, smart dosage systems, timers, 

higher efficiency cleaning systems, water monitoring systems). 
Increasing awareness and changing behavioral patterns can also 

reduce water consumption among workers. On a regulatory level, 

industrial water efficiency can be encouraged by establishing 

tariffs as a water conservation incentive. 

Improved 

irrigation 

efficiency 

Aims at minimizing water use within the agricultural sector while 

continuing to maintain optimal crop productivity rates. 

Technologies include more efficient irrigation systems where 
water release can be controlled so that crops receive only the 

amount needed (e.g. pressurized irrigation systems such as drip 

irrigation) (Picture 2). Other modern irrigation systems are self-
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Adaptation 

response 

Technologies  Description 

propelled and include wireless sensors and GPS technology to 

improve site-specific and volumetric precision of water 

applications to match the needs of the soil and crops. 

Irrigation efficiency can also be improved through altering farming 

practices, such as crop rotation (plant crops according to seasons 

and soil conditions) and conservation tillage (leaving a previous 

year’s crop residue on the field to reduce soil erosion and runoff) 

that help improve soil moisture conservation. 

Water metering A method, including necessary equipment, that helps users to 

account for water consumption rates that are often coupled to 
pricing charges per unit consumed. Often a component of public 

water resource management aimed at monitoring and eventually 

reducing water consumption. Can additionally be used to detect 

and pinpoint leakages in the system (water produced compared to 
water metered at the end point), and provides information to 

utilities about consumer behavior that can be used in water 

conservation campaigns. 

Reducing system 

water loss and 

leakage 

Measures to improve efficiency in distribution systems and avoid 

unnecessary withdrawals. ‘Real’ water losses are defined as the 

amount of water lost between the supplier and the consumer, while 

‘apparent’ losses are defined as those due to inaccurate 
consumption measurements by the consumer or utility. 

Implementing leak detection systems, pressure control, 

maintaining meters, and controlling against unauthorized use, are 
all measures that can help mitigate real and apparent water losses 

(also known as non-revenue water). 

Public water 

conservation 

campaigns 

Aim to change citizen attitudes and behavior to improve water use 

efficiency. Includes education and awareness campaigns on the 
socioeconomic and environmental benefits of water conservation 

and different conservation methods. Communication means 

include traditional and social media, as well as direct 
communication such as workshops, presentations, stakeholder 

dialogues, etc. Economic incentives can also be employed, for 

example, free installation of water meters. 

Progressive 

pricing 

An economic instrument to manage water demand and help reduce 
excessive water consumption through an economic dis-incentive. 

Progressive pricing means that water price rates per unit of volume 

increase, as the volume used increases. Thus, the largest consumers 
of water pay higher rates for the volume of water consumed beyond 

a certain threshold.  

Hydrological 

zoning 

An approach to divide land into different zones based on their 

hydrological properties. Typically, each type of zone has different 
land use and development regulations linked to it. Aims to protect 

local water sources from risks of over-abstraction, land 

salinization, groundwater pollution and waterlogging by managing 
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Adaptation 

response 

Technologies  Description 

land use activities based on the assigned hydrological zones. Such 

restrictions may limit irrigation to avoid nutrient loading and 

sediment runoff into watersheds, but can also limit other activities 
such as industrial discharge and water abstraction from surface or 

groundwater sources. 

Water licensing 

and permits 

A water demand management tool requiring private landowners, or 

at times specific potential water users, to apply for (or purchase) a 
license or permit for water-use or water affecting activities (e.g. 

construction, diversion, artificial recharge) in the watershed. Water 

licensing allows authorities and watershed managers to keep track 
of how much water is used, where and by whom, imposing timely 

restrictions where needed. 

Shifting the timing 

of use from peak to 

off-peak periods 

Approach to water demand management that aims to reduce or 

reschedule peak water withdrawals or consumption from either 
surface or groundwater, prioritizing the most beneficial and 

strategically important water uses. 

Water savings 
requirements in 

building codes 

A legislative approach to improve water use efficiency in 
commercial and residential buildings. The building codes may 

require installation of modern technologies such as water pressure 

control, faucet aerators, leak detectors, water-saving toilets, etc. to 

maximize use efficiency, but can also require installation of 
internal water recycling systems or the establishment of 

infrastructure to provide alternative water sources, for example 

rainwater harvesting tanks. 

Water 

storage 

Surface reservoirs Built structures for water storage that help improve water security. 
The types and sizes of reservoirs vary, from damming natural water 

bodies for storage to ground excavation in low-lying plains fed 

either by rainwater or diverted rivers. Stored water can be used for 
numerous purposes, including irrigation, industry, domestic use, 

hydropower generation and flood control. 

Multi-purpose 

dams 

Dams that combine two or more functions of traditional single-

purpose dams into one hydro infrastructure project. A multipurpose 
dam may combine storing and supplying water for irrigation, 

industry and human consumption with other uses such as flood 

control, power generation, navigation, runoff storage and water 

discharge regulation. 

Soil moisture 

conservation 

techniques 

Approaches and techniques (usually in agricultural practices) that 

aim to mitigate soil moisture stress and reduce direct evaporation, 

and increase the water holding capacity of the root zone. 

Natural wetlands Utilization of wetland ecosystem services for climate benefits. May 

include wetland restoration or conservation activities (avoided 

degradation). Wetland restoration is the reestablishment of a 
degraded wetland. Restoration interventions aim to restore the 

original hydrology and topography of the wetland so that natural 

processes and ecosystem services delivering water storage and 
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Adaptation 

response 

Technologies  Description 

regulation benefits can be maintained. 

Rainwater 

harvesting and 

storage 

Also known as ex situ water harvesting, this is a practice in which 

rainwater is collected and stored for productive use. The rainwater 
can be directly captured in open storage systems, but can also be 

collected from roofs, soil surfaces or roads. The most common 

storage devices for harvesting rainwater are tanks (Picture 3). 

Alternative 

water 

sources 

Solar water 

distillation 

Process of using the energy from sunlight to separate freshwater 
from salts or other contaminants. Solar water distillers are simple 

and relatively cheap technologies that provide alternative sources 

of freshwater in water stressed areas. Small and simple solar water 
distillers are usually built for single households, though larger 

systems can also be set up for shared use. 

Fog harvesting A technique used to capture water from wind-driven fog. Typically 

installed in areas where the presence of fog is naturally high, e.g. 
coastal and mountainous regions. The systems are usually 

constructed in the form of a mesh net, stabilized between two posts 

that are spread out at an angle perpendicular to the prevailing wind 
carrying the fog. As the wind passes through the mesh, drops of 

freshwater form and drip into an underlying gutter, from which 

pipes lead the water into a storage tank. 

Inter-basin 

transfers 

The moving of water from a watershed with a surplus (donor basin) 
to a watershed suffering from a shortage (recipient basin). The 

water is transferred primarily to alleviate water scarcity in the 

recipient basin and travels long distances via complex pipeline and 

canal systems. 

Groundwater 

prospecting and 

extraction 

Involves various methods to locate suitable quality and quantity 

groundwater for extraction. Groundwater prospecting and 

extraction can both be part of general water resource management 
strategies to increase supply, or respond to climate change induced 

water scarcity or variability. Methods include hydrogeological 

investigations, geophysical surveys, remote sensing assessment, 

and the simpler method of investigating. 

Boreholes and 

tubewells 

Extraction of freshwater from subsurface or deeper groundwater 

aquifers. Can include creating new boreholes and tube wells (for 

example as a drought response measure), or deepening or 

rehabilitating existing ones. 

Water recycling 

and reuse 

Technologies for collecting, treating and using wastewater, 

particularly from municipalities, industry and agriculture. The 

recycled water can be used for irrigation or industrial purposes, as 
well as domestic use if properly treated. In some cases, treated 

wastewater is indirectly used for drinking purposes, for example by 

injecting it into groundwater aquifers to increase capacity.  

➢ Too much water: Communities will have to adapt to too much water, such as different 

types of floods. The immediate impacts and damage of flooding depend on many factors, such as 
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soil character, wetness, urbanization and land cover, in 

addition to existence of dikes, dams, or other flood 

prevention structures. However, the impacts also to a large 

extent depend on the concentration of socioeconomic 

activity in flood risk zones (densely populated areas vs. 

remote areas) and the general level of flood preparedness 

and response10. 

Flood protection is not a new phenomenon and many 

communities face river floods on regular basis. Yet 

economic and human flood damages make it the costliest 

disaster type on a global scale10. There are a variety of 

adaptation technologies that can be employed to mitigate 

flood damages, ranging from structural protection 

technologies to accommodation of inevitable flooding 

events. These technologies are summarized below10. 

Adaptation 

response 
Technologies  Description 

Riverine flood 

protection 

Structural barrier to 
flooding- dams, dikes, 

locks, and levees 

Flood protection infrastructure used to control river 
floodwater flow and protect communities against costly 

effects of inundation. Typically, a permanent construction 

built at a designated point on a waterway’s path to contain 

water on one side of the barrier. Dams, dikes, locks and 
levees are common examples of such hard infrastructure 

(Picture 4). 

Optimization to 

reservoir operations 

Aims to ensure that all planned reservoir objectives are 
met, without compromising those of ecological water 

requirements. It takes into account a variety of objectives 

and variables, including cost and revenue considerations of 

water allocation for various socioeconomic uses. Various 
computer simulation models can be used for optimization. 

The models use algorithms to calculate the optimal balance 

between water release and reservoir storage volumes, 

adapting best strategy for flood risk reduction. 

Re-connecting rivers 

with floodplains 

A green infrastructure approach that focuses on removing 

barriers along the edges of the river. This allows the river 

to re-establish its natural course over time, eventually 
connecting to its historical floodplain, or creating a new 

one. It can include removal or setting back of levees, 

raising of a deeply engraved riverbed, or expanding a 
river’s bank. Faster solutions include manually restoring 

(by digging) the river close to its original form, and 

establishing human made connections between the river 

and its original floodplain wetlands. 

Flow-through dams 

(also known as 

perforated dams) 

Dams constructed solely for the purpose of flood control 

and mitigation of flood risks in downstream communities 

and ecosystems. The spillway (opening) is built at the same 

Picture 3: Above ground rainwater 

harvesting tanks: 

https://forum.samstroy.com/index.p

hp?topic=917.0, 

https://www.google.ru/search?q=zo-

bIXef1Un2eM 
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Adaptation 

response 

Technologies  Description 

height as the riverbed level, allowing the river to continue 

its natural flow in normal conditions. When water levels 

rise above the spillway, the dam restricts the amount 

flowing through the opening. 

Accommodation of 

flooding (flexible 

buildings and 

infrastructure) 

Design of infrastructure that can withstand the impact of 

flooding events, resulting in minimizing socio-economic 

damages and effective climate change adaptation. 
Accommodation techniques include flood resistant designs 

aimed at keeping floodwater out of the structure 

completely, and flood resilient designs, aimed at 
minimizing structure restoration costs and time if it is 

flooded. 

Ecological river 

restoration 

Involves ecological, spatial and physical management 

practices to return a river back (or close) to its natural state. 
Common restoration techniques include re-connecting 

rivers with floodplains, reestablishment of the river’s 

meandering form with no barriers along its banks, and 
stabilizing surrounding soil to reduce sedimentation and 

erosion. Restored rivers have increased water retention 

capacity due to their ability to naturally expand their banks 

and flood onto floodplains. 

Multipurpose dams Dams that combine two or more functions of traditional 

single-purpose dams into one hydro infrastructure project. 

A multipurpose dam may combine storing and supplying 
water for irrigation, industry and human consumption with 

other uses such as flood control, power generation, 

navigation, runoff storage and water discharge regulations. 

Zoning and land 

development limitations 

This approach divides urban areas into zones with varying 
degrees of development restrictions depending on flood-

risk level. Construction or reconstruction is often 

prohibited in high-risk areas, for example floodplains, 
while in other areas restricted development is permitted, 

given certain building regulations are followed. 

Urban 

stormwater 

management 

Urban green spaces Green spaces are areas covered by vegetation (e.g., grass, 

bushes or trees). In urban settings they help to uptake and 
infiltrate water, decreasing runoff rates, which also often 

contain excessive amounts of pollutants. This subsequently 

reduces the pressure on water drainage systems and 
treatment facilities. The high-water retention capacity of 

vegetation makes them important for mitigating floods and 

managing urban storm water. 

Permeable pavements 

and parking lots 

Infrastructure designed in urban settings to facilitate storm 
water runoff and mitigate urban flooding and storm water 

overflow risks. Built to utilize ecosystem services provided 

by soil, allowing water capture and infiltration. The 
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Adaptation 

response 

Technologies  Description 

permeable surfaces provide greater water uptake. The 

water is infiltrated, and to an extent purified, before 

recharging the groundwater. The resulting retention 
decreases runoff rates and reduces pressures on urban 

storm water systems. 

Bioswales Strips of vegetated areas that redirect and filter storm 

water. A typical bioswale is a long, linear strip of 
vegetation in an urban setting used to collect runoff water 

from large impermeable surfaces such as roads and parking 

lots. Serve a similar purpose to that of gutters. The 
advantage of using bioswales is that the vegetation and soil 

slows down and collects water, allowing it to infiltrate soil, 

in addition to filtering pollutants (Picture 5). 

Optimization of urban 

drainage systems 

Improves existing drainage systems. Computer simulation 
models improve real time operations using algorithms to 

evaluate system performance, reveal deficiencies, identify 

high flood-risk areas, and illustrate optimal design 
improvement interventions such as optimal pump 

capacities, storage sizes, and locations, green spaces, etc. 

Runoff control 

structures to 
temporarily store 

rainwater 

Structures designed to capture runoff during peak flows, 

and can function as temporary storage sites. Typically built 
with a discharge component to slowly release water into 

the nearby waterway to avoid it overflowing from the 

storage basin. Can be artificially built, for example by 
excavating a large area so that it is lower than the 

surrounding land. Green spaces such as wetlands may also 

be utilized as temporary runoff storage structures. 
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➢ Water pollution: This section focuses on specific 

adaptation responses and technologies for mitigation of 

risks related to water pollution, addressing both climate 

change induced water quality concerns and the impacts 

of human activities. Both underpin the necessity of 

sustaining water quality to ensure existing resources are 

used productively in a changing climate, thus linking 

directly to the challenges of water scarcity and extreme 

weather events10.  

Nutrient pollution from agricultural activities is a current 

water resources management problem and one of the 

principal threats to water quality and ecosystems health. 

Higher intensity rainfall can contribute to increased nutrient leakage and consequently 

eutrophication of water bodies. Improved land management and agricultural practices can mitigate 

these risks by limiting nutrient leakage. The increased frequency of extreme weather events such 

as floods and droughts are an important contributor to water pollution. The increased intensity of 

rainfall and consequent flooding increases the risks of combined sewer overflows, flushing 

pollutants from the sewers into nearby water bodies and water sources. Similarly, during dry spells 

and drought, over-abstraction from aquifers can cause salinization and water quality degradation.  

While climate change is likely to exacerbate many issues related to water quality loss, the primary 

cause of degradation remains unsustainable human activity. Lack of proper water treatment, 

population growth pressures and limited capacities of treatment systems must be addressed in 

parallel to climate change mitigation efforts. A number of treatment and pollution prevention 

technologies for mitigating pollution at the source, flood proofing for water quality and improved 

water treatment capacity are therefore also included in this chapter10. 

Adaptation 

response 

Technologies  Description 

Picture 4: Dike (source: 

https://www.pri.org/stories/2016-06-

22/holland-relocating-homes-make-

more-room-high-water) 

Picture 5: Bioswale (source: 

https://www.canr.msu.edu/news/bioswales_can_improv

e_water_quality_resources?fbclid=IwAR03aMwvbAyB

AYR5qDol-

pYYdfZQKRY2cSywfQIi1M3QS0LuYu3YPU4fnkE) 

Picture 6: Constructed wetland 

(source: 

https://www.biomatrixwater.com/msr

-constructed-wetlands/) 
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Limiting 

nutrient leakage 

Riparian buffers 
(e.g., wetlands, 

buffer strips) 

Strips of vegetation along the banks of waterways (lakes, 
rivers, streams, etc.) that protect the water from potential 

pollutants from the surrounding land area, such as those 

from agricultural land and activities. The buffers are 

predominately forested with native trees, but can also 

contain smaller native bushes and shrubs. 

Protected areas and 

land use limitations 

Land use limitations and establishment of 

environmentally protected areas are legislative 

approaches to help meet water quality objectives and 
reduce waterway pollution due to nutrient leakage, for 

example nitrogen and phosphorous stemming from 

fertilizer use. Typically target agricultural activities and 
may require fertilizer use reduction to a specific limit, a 

pesticide use ban and establishment of fringe zones along 

watersheds where no agriculture is permitted. 

Change in 
agricultural practices 

(limiting fertilizer 

application, 

sediment control) 

Land use limitations and establishment of 
environmentally protected areas are legislative 

approaches to help meet water quality objectives and 

reduce waterway pollution due to nutrient leakage, for 
example nitrogen and phosphorous stemming from 

fertilizer use. Typically target agricultural activities and 

may require fertilizer use reduction to a specific limit, a 
pesticide use ban and establishment of fringe zones along 

watersheds where no agriculture is permitted. 

Mitigating 

pollution at 

source 

Source water 

protection 

Entails management and policy measures that restrict 

overuse and pollution of water at its source, and may 
include regulations (e.g. water allocation quotas, water 

quality compliance regulations), compensation schemes 

(e.g., payments to industrial or agricultural users to reduce 
use of pollutants or extraction volumes, payments for 

ecosystem services schemes) or conservation measures in 

the upstream watershed. 

Water safety plans A risk management tool to ensure a safe drinking water 
supply for human consumption. Effective safety plans 

require a holistic approach to water management where all 

possible threats to drinking water quality in the supply 
chain, from catchment/supplier to consumer, are assessed 

and interventions to control contamination risks are 

enacted. 

Flood proofing 

for water quality 

Improved storm 

water management 

See Disaster preparedness 

Flood-proof wells Specialized construction design and planning procedures 

to protect wells against the risks of flooding, and 

consequent water contamination. Specific measures 
include sealing wells with a protective cap (such as 

concrete or clay) extending several meters below the 

surface to provide a protective barrier for the upper part of 
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the well. 

Flood-proof sanitary 

latrines 

Improved construction design and planning of latrines 
minimizes water contamination and health risks. 

Measures include elevating latrines or lining latrine pits to 

reduce waste infiltration and increase stability. 

Improved water 

treatment 

capacity 

Advanced domestic 

wastewater 

treatment tanks 

Advanced domestic wastewater treatment tanks are used 

to remove solids, pathogens and other impurities to meet 

water quality requirements. The treated water (effluent) 

becomes surface water, but can also be reclaimed for 
domestic uses such as toilet flushing and irrigation, or 

returned to groundwater sources. 

Constructed 
wetlands for water 

treatment 

Constructed wetlands make use of the natural purification 
processes of vegetation, soils and microbes to remove 

contaminants from discharge. Uses of constructed 

wetlands for water purification include applications in 

industrial wastewater and municipal wastewater and 

storm water treatment (Picture 6). 

 

Improved efficiency 
of centralized water 

treatment systems 

Improved efficiency of centralized wastewater treatment 
plants (WWTPs) includes technologies and procedures 

that treat larger capacities of water, requiring less energy 

and chemical inputs, while improving its quality. System 

optimization could include automated systems linked to 
sensors, or installation of new equipment (pipes, tanks, 

pumps, filters, etc.) to prevent leakages or inefficient 

treatment. 

Staff training and capacity building for better system 

operation can also be part of such efforts. 

Improved point of-

use water treatment 

Treating water at the point-of-use (such as the household) 

in places where centralized water treatment systems are 
not efficient or present. Low-cost and effective point-of-

use treatment options include physical filtration (e.g. 

using cloths, ceramics, sand or specialized filters), 
chlorination or disinfectant powders (a chlorine solution 

or disinfectant added to water, killing most bacteria and 

viruses), solar disinfection (water bottled in clear plastic 

and placed under direct sunlight – ultraviolet rays and heat 
kill pathogens in still water) and boiling (heat inactivates 

dangerous bacteria and viruses). 

➢ Disaster preparedness: A wide range of climate change adaptation technologies for 

mitigating flood, drought and coastal zone disaster impacts has been described in previous sections 

of this guide. In many cases, however, these adaptive measures can only limit the extent and 

mitigate the severity of disaster impacts, not prevent the event altogether. Therefore, it is 

paramount that even with these measures in place, appropriate adaptation technologies for disaster 

preparedness to evacuate people and protect key infrastructure are established10. 

Early warning provides crucial information to responsible institutions about an approaching 
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disaster, enabling them to warn at-risk communities and initiate disaster response operations. 

Reliable early warning systems play a key role in preventing human casualties as they provide 

timely disaster warning and lead to evacuation in exposed communities. The systems typically 

include ongoing weather event monitoring and disaster risk evaluation, as well as forecasting of 

developments that may create risks18. Implementing disaster response technologies in turn can 

facilitate timely evacuation and ensure that exposed communities understand and follow 

evacuation procedures in the event of a natural disaster. On the national level, it is also crucial that 

the incumbent institutions are well-coordinated and their respective responsibilities in the event of 

a disaster are clearly divided and understood10. 

Adaptation 

response 

Technologies  Description 

Early warning Flood forecasting 
systems 

Flood forecasting systems help forecast potential 
flooding events before 

they occur. Forecasts increase lead-time for the public to 

prepare and 

evacuate, and helps provide an adequate response to 
minimize flood 

damage. The forecasting systems estimate expected 

water level rise using 
data inputs from simulation tools and models that predict 

precipitation 

levels and stream flow, as well as from hydrometric 
stations measuring 

water levels at selected points along a river or other water 

body. 

 

Drought forecasting 

systems 

Drought forecasting systems use models fed by climatic 

and atmospheric 

data (historical/seasonal weather patterns, real-time 
meteorological 

monitoring, and weather forecasts) to predict the 

probability of a drought 

occurring in a region or area of interest in the future (up 
to approximately 

three months). Drought forecasting systems are an 

important part of early 
warning systems, as they provide lead-time to planners 

for threat responses, 

which helps minimize drought impact risk. 

 

Early warning 

systems for floods 

The main purpose of early warning systems is to issue 

warnings when a 

flood is imminent or already occurring. As part of the 
warning, the system 

provides a prediction of the scale, timing, location and 

likely damages 

of the impending flood. The system uses data from 
sensors to measure 

water levels at strategic points in local water basins 
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(rivers, lakes) or flood 
defenses (dikes, dams, embankments) to forecast a 

potential flood event. 

 

Landslide and 
mudflow warning 

systems 

 

Systems that produce a warning when there is danger of 
a landslide or 

mudflow event in an area, improving disaster 

preparedness and minimizing 

event risks. The systems receive either real-time or 
periodic monitoring data 

from rain gauges and slope-movement sensors on site. 

The data is coupled 
with data from mathematic models calibrated with local 

topography, geo 

physical characteristics, land use and forecasted 
meteorological data to 

determine the risk of a landslide or a mudflow. 

 

Decentralized 
community run early 

warning systems 

 
 

 

Low-cost technology for improving disaster 
preparedness run by local 

community members. The community members use 

simple equipment to 
forecast potential natural disasters such as floods, 

landslides and drought, 

and operate a communication/dissemination system to 

inform other local 
residents of impending threats. 

 

Drought early 
warning systems 

 

 

 

A drought early warning system’s main purpose is to 
warn local communities 

when there is risk of a drought, improving preparedness 

and decreasing 

risks associated with crop and food loss. Effective 
warning systems require 

drought monitoring using appropriate drought indicators, 

meteorological 
data and forecasts, a warning signal, public awareness 

and education, 

institutional cooperation, and data sharing arrangements. 
An early warning 

system combined with the slow onset of a drought can 

give sufficient 

lead-time to local decision makers to mitigate drought 
threats, for example 

by arranging for emergency food supply, planning water 

harvesting 
programmes or introducing improved dry-land farming 

initiatives. 

 

Flash flood guidance Specialized forecasting and early-warning systems for 
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systems 
 

flash floods. Flash 
flood guidance systems are designed to provide 

forecasters with data that 

allows them to predict a potential flash flood (usually a 

few hours before it 
hits), and produce an early warning to increase 

preparedness. 

 

Real-time 
monitoring networks 

 

 

Systems of sensors and radars, and the accompanying 
computer systems, 

to track changes in hydrological conditions in near real-

time. Real-time 
monitoring provides an important source of information 

for early warning 

systems and timely flood preparedness. Remote sensing 
data on measures 

such as rainfall, wind, water levels and slope movement 

send information to 

a server immediately after data collection, thus 
increasing lead- time before 

a potential natural disaster such as flooding or landslides. 

 

Disaster response Stacking of 

sandbags 

combined with 

the use of ground 

improvement 

technology 

(for basic 

restoration and 

reinforcement/ 

restoration) 
 

Sand-filled cloth bags are stacked to create stable 

structures that can hold 

back water and sediment flow during flooding or storm 

events. Sandbag 
barriers are temporary blockades that protect buildings 

and populations 

from inundation damage and associated economic loss. 
Sand bag stacking 

procedures can additionally be combined with simple 

and low cost 
techniques to reinforce the ground, further strengthening 

the defense. 

 

Flood Disaster 
Preparedness 

Indices (FDPI) 

 

 

sed to assess the preparedness of a local community to 
tackle 

flood situations. FDPI is made up of eight indices, each 

affiliated to a 
different aspect of flood disaster preparedness. The 

indices are: state 

of infrastructure, mitigation plans, mitigation systems, 

evacuation plans, 
recovery plans, information and education, 

collaboration, and community 

strength. They are based on self-assessment, replying to 
a number of 

questions related to each aspect. 

 

Communication Communication protocols for disaster response lay out a 
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protocols 
 

framework for 
communication tools and the specific responsibilities of 

various institutions, in 

the time of disaster. 

 

Flood shelters 

 

 

 

Strong elevated structures that can be used by local 

residents for refuge 

during an extreme weather event. 

 

National and 

community 

disaster 
management 

plans 

 

 
 

 

Plans created to improve disaster risk management 

governance from 

the state to local level. National disaster management 
plans incorporate 

disaster risk management into national policies and 

establish a framework 

that clearly specifies the roles of the responsible 
institutions/committees. 

Disaster management plans at the community level can 

be fine-tuned 
according to prevalent area risks, allowing for a more 

specific and detailed 

plan tailored to local circumstances. 

 

4.2 Risk Mitigation and Adaptation Measures in the Agricultural Sector 

The risks to the agriculture sector are significant under climate change projections, much more so 

than the opportunities3. The focus for interested stakeholders, at the sector level, should be on 

reducing the adaptation deficit by increasing efficiency, productivity, and adaptive capacity of 

agriculture to the present climate, resulting in effective long-term adaptation options for a range 

of farming and livestock systems across the three agricultural zones of Armenia3. Therefore, it is 

important to review the potential impacts of climate change in Armenia to help assess risks and 

vulnerabilities, and measures available to adapt to those impacts. 

There already exist a number of the adaptation options ready for implementation, so do 

technologies proven to increase productivity. Considering the limited finances (see below), 

however, it is important to prioritize adaptation options that give the greatest return on investment 

from an economic, social, and environmental perspective and that adaptation options are 

developed not only at the national scale but at the agricultural zone scale, so that sub-national 

regions and local communities have adaptation options, which specifically address the climate 

change challenges that they face3. This will ensure that human and economic capital is directed 

towards the development and implementation of adaptation strategies that are relevant, targeted, 

and effective. 

Rural communities have developed and used strategies and practices in order to adapt to changes 

in weather and seasons throughout history; however, the projections under overall climate change 

are highly likely to exceed even the most innovative farmers’ ability to autonomously adapt. While 

there are many field-ready innovations that could rapidly improve the resilience of agricultural 

systems in Armenia immediately, the lack of financial resources at the farm level is a considerable 

barrier to adoption3. Increasing the resilience of the farm sector in the future will require significant 
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investments by the state and development partners to 

build the infrastructure, knowledge, and policy systems 

that will support and develop a wide range of adaptation 

options. It is important to keep in mind that adaptation 

measures ready for implementation need to be evaluated 

for their costs and their relative effectiveness in, for 

example, improving yields, increasing resilience to 

climate change, and/or reducing emissions of greenhouse 

gases. As they have not yet been prioritized by benefit-

cost or feasibility criteria, they do not necessarily 

represent recommendations for adoption, but should 

instead be seen as options to be assessed3.  

4.2.1 Institutional policies and financing to 

strengthen capacities for adaptation 

Overall, the laws, regulations and standards in Armenia 

focus on climate change mitigation and have little focus 

on climate change adaptation. Still, climate and 

agricultural adaptation projects will be most effectively 

achieved if they are planned alongside climate change 

mitigation, because of the synergies (e.g., focus on soil 

health improvements) or possible tradeoffs (e.g., limited 

funding to address adaptation or mitigation projects) 

between climate change mitigation and adaptation 

measures. Without addressing adaptation and mitigation 

policies and actions together, adaptation efforts will most 

likely be less effective in achieving overall climate 

change goals. It is critical that climate change adaptation 

measures in agriculture are based on the risks and other 

relevant unique features of each region and/or climatic 

zone of Armenia and require effective policy measures and actions, and the allocation of adequate 

financial resources for climate change adaptation. 

In order to design effective climate change adaptation strategies and translating them into effective 

policy measures and actions in the field certain functions and tasks that will strengthen institutional 

policies are necessary7. The key functions include (1) Setting goals and principles/policies, which 

include designing strategies and policies as well as laws, regulations and standards; (2) Planning 

for the implementation of goals and principles, which can be achieved through strengthening of 

control and inspection capacity (e.g., human, institutional, hard and soft infrastructure); facilitating 

data collection, processing and dissemination; and monitoring and evaluation of the 

implementation of climate change mitigation and adaptation; and (3) Supporting the 

implementation of goals/principles, which requires availability of physical and soft infrastructure 

(e.g., irrigation networks, laboratories, hydro-meteorological services), government support 

programs (e.g., programs, tax and other incentives), extension services to farmers, and research 

and development7. 

The design and implementation of such strategies and policies are better achieved if they 

effectively capture all stages of the agri-food supply chain and establish synergies between all 

Best practice 
The Caravan tool, an on-line resource developed by 

the Finnish Environmental Institute, aims at assessing 

climate change vulnerability and adaptive capacity in 

the Nordic countries as well as facilitating adaptation 

planning at regional and local levels. 
A successful example in designing and delivering 

adaptation options for the agricultural sector from 
Extremadura, Spain. Four main factors contribute to 

the success of adaptation policies in Extremadura: (1) 

Plan for Climate Change Adaptation in the 

Agricultural Sector, a strategic document developed 

for adaptation in the agriculture sector, to support 

initiatives by seeking modernization of in-farm 

irrigation systems in response to expected decrease in 

water availability in the future, (2) Funding planned 

and dedicated for adaptation options for farmers to 

develop farming practices, (3) Encouraging measures 
that are adapted to local conditions and crop 

requirements that minimize erosion or soil 

degradation, and (4) Supporting farmers in selecting 

options that have considerable side benefits for 

adaptation such as selecting crop varieties that have 

greater resistance to drought and high temperatures. 
Slovenia’s Action Plan for Forestry and Agriculture 

that includes (a) piloting barn breeding of livestock to 
reduce the impact of hotter summers (risks of heat 

stroke and sun-burn) on sows and piglets, (b) 
purchasing hail nets (since extreme weather events 

are anticipated to increase, including hail storms), 
and (c) investment in updating water infrastructure in 

response to predicted climate change impacts with 

modern irrigation methods such as drip irrigation. 
While actions are generally geared to decrease the 

significance of any climate impacts, an alternative 
response is to seek to avoid these impacts within the 

agricultural sector, as promoted in Bulgaria: changing 

existing cropping areas in response to changing 

conditions, facilitated by changes to zoning 
patterns which indicate what crops are more or less 

suitable in different areas. 
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stages7. Better co-ordination and regulation of key areas and factors in agri-food supply chain, 

including agricultural resource use and management, agri-food production technologies and 

practices, plant and animal health, natural disaster management, data management, and 

knowledge and skills will effectively integrate climate change or the concepts of climate change 

mitigation and adaptation into the agri-food supply chain. Strengthening the capacities for 

adaptation will be achieved by eliminating inefficiencies in translating (or transforming) the 

strategy or general level provisions into practical rules and measures that can be implemented at 

the local level7. 

4.2.2 The integration of the agricultural sector into National Adaptation Plans 

Within the framework of the UNDP-Green Climate Fund, the government of Armenia is set to 

develop a National Adaptation Plan (NAP) in order to advance medium- and long-term adaptation 

planning for climate change7. Particularly, the vulnerability assessment of the agricultural sector 

due to climate change is a necessary basis for a roadmap for climate change adaptation planning 

for this sector. Addressing factors directly and/or indirectly related to coping with the impact of 

climate change on agriculture, identifying risk mitigation practices elsewhere, and prioritizing 

adaptation measures will constitute the necessary steps towards limiting the impacts of climate 

change for agriculture in Armenia. There is an overall acceptance about the importance of 

sustainable development and prioritizing climate change mitigation and adaptation7. For this to 

happen NAPs will have to include comprehensive integration of the concept of climate change 

mitigation and adaptation. Strategies in other relevant sectors (e.g., environment, climate change, 

emergency, hydrometeorology) have to address the issues of agriculture and support the 

integration of climate change mitigation and adaptation, and resistance and environmental 

sustainability into the agriculture development strategies (ADSs), considered the overarching 

strategy document for agriculture7. The enhancement of agriculture and climate data and 

forecasting systems, promotion of investment in natural-disaster protection systems (e.g., anti-

hail), selection of drought resistant crop varieties, and promotion of modern smart-farming 

technologies are among the measures to be prioritized, avoiding fragmented of climate change 

mitigation and adaptation efforts. It is also important to note that the financial resources planned 

for the implementation of the ADS do not seem to be adequate to achieve high impact and 

significant long-lasting effects7. 

4.2.3 Adaptation practices in the agriculture sector 

Agriculture is a sector that, on the one hand, has a strong negative impact on natural ecosystems 

and contributes to the deepening of climate change and, on the other hand, directly depends on and 

is subject to the impact of natural conditions and climatic factors. 

Agriculture, in turn, is directly correlated and has an impact on natural ecosystems, water 

resources, populations’ health situation, agricultural product processing industry, settlements and 

their infrastructures.  

Climate change has both negative and positive impact on agriculture. Negative impacts include 

decrease in soil fertility and water resources, reduction of yielding capacity of plants and livestock 

productivity, spread of new plant diseases, spread of new animal diseases and growth of illness, 

growth in costliness of agriculture, and issues of food security. 

The positive impacts of climate change include extended vegetation period, possibility to introduce 

new, high value and warm-season crops, possibility to receive several yields in one-year span, 
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occurrence of favorable conditions for wintering of animals and perennial crops, increased yielding 

capacity of some crops due to increased amount of CO₂ gas in the atmosphere, improved conditions 

for crop growth in premontane zones, etc. 

But in any case, failure to initiate measures of adaptation to the impact of climate change in 

Armenia, depending on the phases of crop growth and the altitude of the terrain, 10%–30% 

decrease in moisture and 7%–13% decrease in natural water availability of crops are expected5. 

If no adaptation measures are taken, the yielding capacity of the main agricultural crops, according 

to forecasts, will decrease by 8%-14% by 2030 (9%-13% in case of cereals, 7%-14% in case of 

vegetables, 8%-10% in case of potato and 5%–8% in case of fruits); and the surface and 

productivity of pastures can reduce by 4%–10%, with the surfaces of the most fertile and valuable 

pastures in subalpine and alpine zone making 19%–22%, and the productivity of mountainous 

grasslands reducing by 7%–10%5. 

To ensure high efficiency of climate change adaptation (CCA) in crop growing, it is necessary to 

apply diverse and hands-on approaches. It is important to make the right choice of farming system 

in the country and developing an economically viable and comprehensive strategy of the sector’s 

development, one of the main goals of which should be the improvement of the fertility and 

phytosanitary state of soil through the effective use of natural processes. It is possible to make use 

of the favorable impacts of climate change only in case of taking relevant adaptation measures. 

Climate Smart Farming or Climate Smart Agriculture (CSA) is an approach that helps to guide 

actions needed to transform and reorient agricultural systems to effectively support development 

and ensure food security in a changing climate28. CSA aims to tackle three main objectives: 

sustainably increasing agricultural productivity and incomes; adapting and building resilience to 

climate change; and reducing and/or removing greenhouse gas emissions, where possible. It is an 

approach for developing agricultural strategies to secure sustainable food security under climate 

change. CSA provides the means to help stakeholders from local to national and international 

levels identify agricultural strategies suitable to their local conditions28. 

Armenia has not yet developed a national CSA plan, and climate change is only reflected in general 

terms in policies without specific action plans and timetables. The development of a CSA plan, 

with the involvement of all relevant authorities and private sector stakeholders, is critical for more 

effective and focused use of resources towards climate change adaptation in agriculture. 

Policies that utilize outcome-based farmer incentives and knowledge transfer systems that enhance 

farmers’ capacity to achieve sustainable productivity growth while adopting climate change 

mitigation and adaptation practices will promote CSA practices more effectively. 

Untargeted incentives can encourage farmers to adopt measures that have high upfront costs, or 

that are socially beneficial, but costly at the private level28. 

➢ Crop adaptation strategies: Climate risk management in agriculture   can be achieved 

through selection of correct agrotechnological means and agrotechnical practices. Modern 

agrotechnologies are a series of technological operations of management of production processes 

aimed at reaching the planned yielding capacity and product quality, ensuring the economic 

efficiency and environmental safety. As a unified management system, agrotechnologies are 

interconnected with the agricultural landscape through crop rotations, cultivation system, 

 
28 Climate Smart Framing – A program of Cornell University (www.climatesmartfarming.org) 

http://www.climatesmartfarming.org/
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fertilization and plant protection, i.e. are integral part of the landscape-adaptative system. 

Agrotechnics is a set of plant growing tricks, measures and methods aimed at ensuring high yields 

of the plants grown, with the least labor, material and financial investments made per unit of 

produce5.  

Crop rotation: Crop rotation plays a special role in preservation and enhancement of soil fertility. 

Crop rotation is a scientifically grounded sequence of crops in time and space or just time. For 

each crop involved in crop rotation, it enables to use agricultural measures that are different from 

the ones used in the previous year and to improve the physicomechanical, chemical and biological 

composition of soil and enhance its fertility. In crop rotations, selection of the best forecrops and 

subsequent crops of a particular crop is another important issue5.  

Climate sensitive land cultivation methods: The state and level of productivity of soil largely 

depends on the selection of cultivation method. Preservation of moisture in soil and creation of 

favorable conditions for plant growth depend on the soil type and climatic zone, cultivation 

timelines, depth of plowing, and the combination of the form and frequency of implementation. 

As a measure of climate risk management, minimum tillage or no-till are effective. In case of great 

slopes, cultivation is carried out in the direction vertical to the slope, to avoid water erosion. Anti-

erosion cultivation, in addition to preventing the erosion, also contributes to accumulation of 

moisture in soil, which is done also with the help of fallowing in the non-irrigated land areas5.  

Fertilization: Determination of the nutrient elements in soil and definition of the portion of 

fertilization are considered to be the first technological precondition of sustainable development 

of crop growing. It is the cornerstone of receiving the maximum yield from a particular crop, 

avoiding the residual amounts of mineral fertilizers in soil and receiving healthy yields, which is 

almost not applied in the open ground conditions in the country. The best fertilizers include organic 

fertilizers: manure, compost, biohumus and green fertilizers, which, in addition to enriching the 

soil, also regulate the soil’s air and thermal regimes and improve its structure5. 

In case of applying mineral fertilizers, much depends on not only adjustment of fertilization 

portions, but also the timelines and methods of application5. 

It is a common practice to burn plant residuals in the crop areas (sometimes even natural 

grasslands) after the harvest to clean and, allegedly, to fertilize the fields, thus depriving the 

opportunity to fertilize the soil with organic substances. Because of this impermissible practice, 

not only the organic substances returning to the soil are destroyed, but also the organic substances 

and soil organisms in the soil surface layer burn5․ 

Seeding and management of crops: Seeding (planting) is one of the decisive factors of efficiency 

of crop growing and stability to weather conditions. To avoid frost damage and to create favorable 

conditions for wintering of winter crops, it is very important to choose the right time for seeding 

in accordance with the particular crop’s biological group, type, life cycle, and heat requirement, 

etc5. 

Also important are distribution of crops in the field and the selection of the seeding method and 

the seeding rate in accordance with the conditions of the terrain. To meet the moisture requirement 

of plants in non-irrigated conditions, the seeding rate is reduced, large seeds are selected, deep 

seeding is done, and the soil is packed, with the option to increase the seeding rate in irrigated 

lands5. 

Another important issue is the right selection of crops in compliance with the relief of the terrain. 
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In case of risk of erosion on steep slopes, it is not desirable to seed row crops; from annual crops 

it is allowable to seed those of solid planting, using a little higher seeding rate than defined. In 

similar cases, it is preferable to grow perennial herbs, with the perennial plantations being the best 

choice5.  

Plant care is one of the most important components of the climate change risk management. In 

conditions of this risk, one of the core problems of farming is soil moisture retention and the 

efficient use of irrigation water, which can be addressed through the following crop management 

efforts: 

• Inter-row loosening, weeding-loosening, and hilling, which is also a good weed control 

means; 

• Mulching of the inter-row space with plant residues and synthetic membrane, which is also 

a good means to control weeds; 

• Growing herbs (barley, clover, alfalfa) in the inter-row spaces in orchards, which is also an 

opportunity to receive additional harvest; 

• Optimization of watering timelines and norms, which is a means for enhancing the general 

resistance of crops; 

• Application of sprinkling, drip and underground methods of irrigation, which serves also 

as crop nutrition system; 

• Application of irrigation network with close pipeline or half pipes, which is a means of 

enhancing the efficiency of surface irrigation5. 

Water management: Regulation of water regimes is a crucial step for climate change adaptation 

for crops. There are several methods to address water scarcity in agriculture. 

The most commonly used agritechnological method for reducing the excess water evaporation is 

soil loosening. However, for this purpose, 

also mulching of soil surface is carried out, 

using materials of both natural and synthetic 

origin. Some of the best mulching materials 

are plant residuals: cut grass, straw or feed 

leftovers (Picture 7). Among synthetic 

materials for mulching, dark color plastic 

membranes are used (although it is not 

preferable from the ecological perspective), 

which partly or totally cover the inter-row 

spaces5. 

Farming operations in Armenia are carried 

out both in irrigated and non-irrigated 

conditions, depending on the annual 

precipitation in a particular zone. Watering 

methods applied in conditions of irrigated 

farming can be divided into two main groups: 

underground and surface. The underground 

irrigation method is not really popular, and the 

following forms of surface irrigation method 

are more largely used: bed, furrow, ditch, firth, tree base, sprinkling and drip. The drip irrigation 

Picture 7: Mulching of agricultural field (source: 
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method is largely used over the recent years, which reduces the water consumption, labor costs 

and the weediness of the field. The sprinkling system of irrigation as compared to the surface 

irrigation, in addition to being water-saving, can also be used as an efficient means to control 

drought, dry winds and frost damage. These two irrigation methods are already used not only in 

conditions of protected ground, but also they have begun to be largely used in open ground 

farming5. 

Currently, the value of establishing drip irrigation per 1 hectare, depending on its density and 

quality, ranges between AMD 1,150,000-1,900,000. Depending on the quality of the materials 

used and the water, the duration of their operation can range between 4 and 10 years5.  

In locations with insufficient and unstable humidity and drying and dryland places, the main 

objective of regulating the soil’s water regime should be the accumulation of the waters of 

precipitation in soil. For this purpose, very efficient measures are low and simple dams, holes, and 

furrows built of stone or soil and placed vertically to the slope to suspend the water flows. These 

are multipurpose structures that accumulate moisture, which will allow establishing a forest 

nursery, a forest orchard, and an orchard. In addition to the trees and bushes planted near the dams 

and furrows, a cover of herbs is formed over time, thus creating a full ecosystem with its 

characteristic productivity of the biomass and its ecological function5. 

Diversification of crops: The measures to face the impact of climate changes include: creation of 

new types of crops and selection varieties adapted to the changed conditions and improvement of 

the old ones, and diversification of the genus, type and variety composition. Simultaneously with 

introduction of new varieties, it is of critical importance to preserve the local types and varieties 

that are most adapted to the local conditions and have the best properties to demonstrate themselves 

in the particular ecological environment. It is necessary to rehabilitate and preserve their gene pool 

as genetic donors and use them to obtain more resistant, high yielding and high-quality new 

varieties and hybrids. In non-irrigated locations it is convenient to select and involve drought 

resistant field crops in crop rotations, among cereals - rye, triticale, spring barley; among legume 

crops – lentil, peas; among technical crops – flax, winter-cress, and among fodder crops – sainfoin, 

sweet clover, hairy vetch, cock’s foot, etc. Among field and vegetable crops, as fallow crops, it is 

expedient to grow varieties and hybrids with short vegetation period, such as super early season 

cabbage Topaz F and Transfer F, table beetle, Vonda F1 and Zepo, potato Rivera and Timo, etc. 

A very effective example of diversification in fruit growing is intensive orchards. Orchards with 

saplings of low rootstock clones are not new in Armenia for a long time, although they are not yet 

largely popular too (both stone and pome fruits and nuts and subtropical plants)5. 

Due to the climate change, certain changes can be observed in the composition of the biodiversity, 

for example, a type can adapt to the changes in its bioenvironment, migrate or disappear. It is 

anticipated that in increased dryland conditions in Armenia will contribute to the penetration of 

semidesert and desert types of crops and animals into the southern regions of Armenia. Instead, 

the areas of dissemination of a number of moisture-loving types currently growing in the high 

mountainous zone of those regions will be reduced, even some of them may disappear; while in 

humid places, dissemination of dryland cultivars, including weeds and invasive types, are expected 

to spread. From the perspective of facing the climate changes, it becomes necessary to initiate 

practical steps in preservation of biodiversity, maintaining the bioenvironments of susceptible 

types and regulate their man-made burden5. 

Improvement of the state of soil cover:  The objectives of agricultural risk management in 
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conditions of climate change include prevention of soil degradation, and retention and 

enhancement of soil fertility. In Armenia, as a consequence of continuous cropping and 

systematized farming practices, we are dealing with land and nutrient depletion, as well as 

reduction of humus stocks (about 1% over the recent 20-30 years). The ameliorative state of soil 

is also basically insufficient, with different manifestations of degradation available5. 

In these conditions, complex measures aimed at improvement of the state of agricultural lands 

become urgent: improvement of air, water and thermal regimes and structure, fertilization, 

limitation of the impact of degrading factors, periodical monitoring of land resources, etc5. 

Application of organic fertilizers and compost has an exceptional role in enriching the soil with 

organic substances, due to which the soil environment is enriched simultaneously with macro and 

micronutrients; their physicomechanical structure is improved; and the biological activity and 

fertility are enhanced. Unfortunately, currently the management of manure and other biological 

wastes is on a very low level5.  

Minimum tillage of no-till soil cultivation is a comparatively new technology of enriching the soil 

with organic substances and preventing the loss of moisture, which assumes seeding in the stubble 

of the forecrop, with no till, using special drills. 10-12 days prior to the seeding, herbicides are 

applied in the field. This way, the structure of the soil is preserved; it is always covered by plant 

residuals, which considerably reduces the loss of moisture (in case if up to 60% of the surface is 

covered, evaporation reduces by 9% and in case of 100% - by 34%)5. 

Use of natural ameliorants, i.e. rock types with high porosity (volcanic slag, perlite, dacite tuff, 

etc.) is one of the efficient agrotechnical measures of increasing the soil’s moisture stocks. For this 

purpose, for clay soils with heavy mechanical composition, 1t/ha-1.5 t/ha of dacite tuff or slag or 

5t/ha-10t/ha of perlite are recommended. In soils with light mechanical composition, we can use 

zeolite, with a portion of 2t/ha-5t/ha5. 

Integrated plant protection:  As a consequence of climate change, the conditions of the 

bioenvironment of organisms, and therefore the species composition of the bio-cohabitations, are 

gradually changing, including the plant diseases and pests. To prevent the diseases and pests and 

to ensure high efficiency of plant protection, integrated measures need to be taken – agrotechnical, 

mechanical and, as an extreme control measure – chemical5. 

Agrotechnical measures of protection of crops from diseases and pests include: 

• Application of crop rotation, which reduces the possibility of plant diseases and pests to 

survive in the area; 

• Conducting phytosanitary measures through worsening the wintering conditions for pests 

and diseases by removing the pathogenic plant residues from the field; 

• Selection of species and varieties resistant to the particular disease or pest. 

Mechanical measures of plant protection include: 

• Physical destruction of pests; 

• Use of hunting belts, light traps and color traps. 

Biological measures of plant protection include: 

• Placing pheromone traps; 
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• Propagation and dissemination of natural enemies of pests or application of different 

measure to attract them (predators, birds, parasites, etc.); 

• Use of plant infusions, extracts and oils;  

• Application of microbiological and hormonal preparations5. 

The integrated pest and disease management is, in fact, an alternative to the chemical control 

method, since the latter causes a great damage not only to the components of the environment, but 

also to human health and the agricultural production process5. 

➢ Extreme climatic events: Agriculture is largely exposed to damages by extreme climatic 

events: hail damage, frost damage, wind, dry hot wind, drought, mudflow, etc. 

Control of frost and hail damage and plant care:  In many fruit growing regions of Armenia, late 

spring frosts coincide with the flowering period of some plants. It repeatedly happens in Ararat 

Valley and lower mountainous zones, when the temperature goes down up to -2°C - -5°C for 

several days. Frost damage can be control ed both in fruit orchards and vineyards and in vegetable 

gardens, and even in fields. A number of indirect and direct measures used in such cases are known. 

Indirect measures are aimed at changing the timing of active cycle in plants as well as enhancement 

of their frost resistance.  As a result of accumulation of snow in the tree bases, total whitening of 

the trunk and the large branches and thermal isolation, it is possible to postpone the flowering of 

trees for several days and thus avoid frost damage. Through early spring irrigation we can freeze 

the soil, thus delaying the plants’ sap flow and other biological processes. To enhance the plants’ 

winter tolerance, fall moisture-storage watering is carried out in perennial plantations. In late fall, 

after the leave fall, trees are watered in double portion, especially in dry conditions. This is 

simultaneously a means of efficient control of rodents, as irrigation creates humid conditions, 

which is not favorable for the rodents to winter in the soil near roots5.  

Direct measures are applied to raise the air temperature in the orchard by several degrees within a 

few hours. 

Spraying and surface irrigation are rather effective means of control of frost damage. The cost of 

setting up a sprinkling system per one hectare makes about 4-5 million AMD. This is certainly 

expensive for one-year period and in case if only spraying method is used. However, this is not 

just an irrigation system but also a good means for protecting the plants and the harvest; therefore, 

it is fairly justified5. 

Smoking through smoke clouds and heaters is done 1.5–2 hours before the sunrise. In early spring 

or even in winter 120-150 smoke clouds per hectare are prepared in the orchard (3m–5m away 

from each other and 1m–3m away from trees), which should be ready 2 weeks before the flowering 

of trees to burn and smoke slowly and for a long time. For smoke clouds, cheap means, such as 

brushwood, branches, straw, sawdust, shavings, manure, leaf mould, etc. are used. Another 

effective measure to control frost damages is mulching5. 

Protected ground are those sections of land area or special buildings and structures where natural 

conditions are improved with the help of certain facilities or equipment or a favorable artificial 

microclimate is created to run an out-of-season production of different crops. There are several 

types of protected ground: heated ground, crop top plastic covers and greenhouses5. 

Heated ground is an open ground area with heating pipes that are about 40cm deep, with 70cm 

inter-row space, aimed at prolonging the vegetation period due to heating in early spring and late 

fall. This method can be used also in top crop covers and greenhouses5. 
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Crop top covers are simple structures of protected ground that mainly provide passive protection 

of plants from unfavorable external impacts without heating the ground. These are cheap and light 

structures that are not difficult at all to operate. They are mainly used for growing seedlings and 

some low-height vegetables5.  

Greenhouses are the most advanced structures of the protected ground, designed for producing 

out-of-season agricultural products. Greenhouses are facilities adapted to long-term growing of 

crops and furnished with special equipment intended to provide the necessary conditions and the 

relevant microclimate to run a commercial crop growing. Modern greenhouses are known by their 

technical equipment and the latest methods of crop growing5. 

In conditions of protected ground, the activity of the insects (mainly bees) that provide the 

efficiency of pollination depends on weather conditions. Because of climate change, the activity 

of insects can also undergo changes. In this case, bumblebees kept for this special purpose can be 

used; they are known for their active work even in cloudy and cold days5. 

Hail: It hails in changeable and comparatively warm periods of the year (in Armenia – in march-

October), from cumulus-rain clouds, in conditions of the vertical movement of air, accompanied 

by thunderstorm, downpour, and sometimes wind. Hail damage risk management in Armenia 

acquires critical importance in the context of climate change, since frequency and strength of 

hazardous weather conditions are expected to increase. On the other hand, the popular means of 

protection of plants from hail damage – anti-hail stations – apart from being not efficient enough, 

are also undesirable from the environmental point of view. Thus, alternative ways of control of 

hail damage become one of the priorities in agriculture5. 

Anti-hail net systems are an 

ecologically harmless and highly 

efficient means of controlling hail 

damage (Picture 8). Having such 

systems in fruit orchards and 

vegetables gardens has become the 

day’s imperative for farmers in 

many countries; however, they are 

not yet widely used in Armenia. 

The service life of anti-hail nets can 

range between 5 and 15 years, 

depending on their quality, method 

of setting up and operation, 

climatic conditions of the particular 

region, the maintenance measures 

taken, and a number of other 

factors5.  

Anti-hail nets prevent the negative impact of hail damage almost by 100%, simultaneously 

protecting the trees and vines from winds, birds and large insects, and at the same time can be 

useful in control of frost damage, since during smoking they block the dispersion of the smoke 

cover5. 

Currently, the price of anti-hail nets per 1 hectare is around 4-5 million AMD, which, of course, is 

not affordable for most of the land users, although it actually preserves the entire harvest. This 

Picture 8: Anti-hail systems (source: 

https://dica.am/services/loans/agriculturalprograms/grape

sloans/, 

https://www.dreamstime.com/photos-images/apple-

orchard-italy.html 

https://dica.am/services/loans/agriculturalprograms/grapesloans/
https://dica.am/services/loans/agriculturalprograms/grapesloans/
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system can cover its expenses within even one year and continue to be used for 8–10 (in some 

cases 10–12) years5. 

Per hectare, 6,000 m² of anti-hail net is required that can be set up to 3 m high. Purchase and setup 

costs per one hectare, according to some estimations, is 1.25–1.78 million AMD5. 

The money required for setting up anti-hail nets per 1 ha is AMD 3,200,000–3,900,000. It can be 

operated more than 10 years5.  

Winds: In addition to harming the plants, wind is also an influential factor for erosion and loss of 

moisture, which becomes a critical issue in the context of climate change5. 

The most reliable among the few means of mitigating the harmful impact of wind for agriculture 

are the forest shelter belts that are established around agricultural sites, especially the perennial 

plantations, in the main weathered directions. This measure protects the orchard from the harmful 

impact of not only mechanical but also thermal – warm and cold air flows – adverse impacts of 

winds5. 

Another efficient means of wind risk management is the proper adequate placement of the orchard, 

in accordance with the dominating directions of winds in the area. The direction of the orchard is 

chosen in a way so that the wind passes through the rows and does not make the foliage bend5. 

Drought and dry hot winds: Drought are the long-lasting absence of precipitation, often combined 

by high air temperature and low relative humidity. As a consequence, the soil dries out, threatening 

to destroy the crops. In Armenia, the most frequent droughts happen in Ararat valley (92%–94%) 

and premontane zone (52%–57%); it is a considerable issue in Vayots Dzor and Syunik (40%-

50%), happens rarer in Shirak, Lori and Tavush marzes and in Aparan/Hrazdan zone (7%-10%), 

while in the rest of the country the frequency of droughts is within the range of 15% and 25%5. 

Dry hot winds are winds with high temperature (higher than +25°C), low (no more than 30%) 

relative humidity and high speed (more than 7 m/sec), which are harmful or destructive for field 

crops. Because of the dry winds, the biological processes going on in the plant organisms are 

violated, the yielding capacity is reduced by 60%-70%, and sometimes (in case if they last 3 or 

more days) the plants are destroyed completely. Dry winds are observed almost in the entire 

territory of the country, in some cases even on elevations of 2000m-3000m5. 

The agricultural risk created by drought or dry hot winds is difficult to manage. The main solutions 

are of an adaptive character, while partially also control measures are taken5.  

In non-irrigated locations, as an adaptive measure, it is 

necessary to grow crops and varieties that are resistant 

to drought and low relative humidity. Other efficient 

means to resist drought and fry hot winds are forest 

shelter belts that protect the fields and weaken the 

strength of the wind, as well as measures preventing 

evaporation and protecting the moisture5. 

The main method of controlling the drought is the 

artificial irrigation, while mulching is an efficient means 

to control the dry hot winds5. 

Erosion and mudflows: Another consequence of climate 

change is the repetition of unstable weather conditions 

Picture 9: Forest belts (source: 

https://www.jointforestryteam.org/part

nership-gives-windbreaks-new-life/ 
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in the form of unpredictable precipitation and thaw. This results in mudflows and floods and 

erosion.  In Armenia, mainly the water erosion is common, which is contributed by the fragmented 

and complex relief of the territory and the steep slopes. Around 47% of the country’s land 

resources are eroded in different degrees, while 75% is subject to erosion5. 

The most effective control of erosion is prevention, i.e. elimination of its reasons, with the 

following necessary measures to be taken: forest belts (Picture 9), irrigation improvement and 

agrotechnological improvement5. 

In all cases, the best measure to prevent erosion is the preservation of the vegetation through 

landscaping, turfing, tree planting and afforestation. Moreover, the sizes of forest plantations of 

anti-erosion significance depend of degree of fragmentation of the area and the strength of the 

surface water flow, while their efficiency depends on the right structure of the plantation and the 

choice of the species composition of the trees and bushes5.  

Buffer layers composed of perennial herbs are some of the best measures preventing erosion. By 

dividing the slope into two parts, they reduce the water flow, and slow down its speed5. 

The hydrotechnical utilities, drainages, etc. collecting and removing surface flows are efficient 

means in erosion risk management. 

Agrotechnological improvement – the proper selection of soil cultivation technology, cultivating 

machinery and the crops to be grown - remains the most important way of preventing erosion in 

agricultural lands. Permanent existence of vegetation is desirable in any case. 

Mudflows are short-time and devastating, impetuous torrents containing a large amount of a solid 

mass of weathered rocks, caused by heavy rains or rapid snowmelt. About 30% of Armenia’s 

territory is subject to this danger in the basins of rivers Meghri, Voghji, Arpa, Vedi, Mastara, 

Pambak, Dzoraget, Debet and Aghstev, and those of the tributaries of rivers Hrazdan, Kasakh, 

Azat, Vorotan and Akhurian, as well as in south-facing slopes of Areguni and Sevan ridges5. 

In general, the anti-mudflow measures are: 

• Agrotechnical, which assumes forestation and terracing of the slopes and seeding perennial 

herbs; 

• Hydrotechnical, which assumes building dams, mudflow-regulating flood relief channels, 

shore protection structures, regular cleanup of riverbeds, strengthening the banks, and 

raising the bed dams. 

➢ Livestock adaptation strategies: Livestock producers have traditionally adapted to various 

environmental and climatic changes by building on their in-depth knowledge of the environment 

in which they live. as ways to increase adaptation in the livestock sector: 

Production adjustments: Changes in livestock practices could include: (i) diversification, 

intensification and/or integration of pasture management, livestock and crop production; (ii) 

altering the timing of operations; (iii) conservation of nature and ecosystems; (iv) modifying stock 

routings and distances; (v) introducing mixed livestock farming systems, such as stall-fed systems 

and pasture grazing29.  

Breeding strategies: Many local breeds are already adapted to harsh living conditions. However, 

developing countries are usually characterized by a lack of technology in livestock breeding and 

 
29 Agricultural adaptation strategies to climate change impacts in Africa: A review, O. M Akinnagbe and I. J. 

Irohibe. Bangladesh J. Agril. Res. 39 (3), 2014 
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agricultural programs that might otherwise help to speed adaptation. Adaptation strategies address 

not only the tolerance of livestock to heat, but also their ability to survive, grow and reproduce in 

conditions of poor nutrition, parasites and diseases. Such measures could include: (i) identifying 

and strengthening local breeds that have adapted to local climatic stress and feed sources and (ii) 

improving local genetics through cross-breeding with heat and disease tolerant breeds. If climate 

change is faster than natural selection, the risk to the survival and adaptation of the new breed is 

greater. 

Livestock management systems: Efficient and affordable adaptation practices need to be developed 

for the rural poor who are unable to afford expensive adaptation technologies. These could include 

(i) provision of shade and water to reduce heat stress from increased temperature. Given current 

high energy prices, providing natural (low cost) shade instead of high cost air conditioning is more  

suitable for rural poor producers; (ii) reduction of livestock numbers – a lower number of more 

productive animals leads to more efficient production and lower GHG emissions from livestock 

production; (iii) changes in livestock/herd composition (selection of large animals rather than 

small); (iv)improved management of water resources through the introduction of simple 

techniques for localized irrigation (e.g., drip and sprinkler irrigation), 

accompanied by infrastructure to harvest and store rainwater, such as tanks connected to the roofs 

of houses and small surface and underground dams. 

➢ Awareness on climate risks and capacity building: In the climate change risk 

management – adaptation and resistance - awareness on the latest and efficient technologies, their 

accessibility and affordability, and current and expected changes is very important.  To face the 

anticipated weather changes, information on medium-term and short-term forecasts that can be 

reached in the website of Hydrometeorological Service of Armenia is of exceptional importance 

in agriculture in terms of facing the expected weather risks29.  

Versatile and important information is contained also at www.nature-ic.am, where you can find 

the “Climate Risk Management in Armenia” report. 

There should also be measures directed at the improvement of the capacity of farmers to 

understand and deal with climate change. Campaigns and projects should focus on increasing 

farmer’s awareness of local changes and train them in agricultural adaptation strategies. 

4.3 Women, gender equality and water resources and agriculture in the context of climate 

change impacts and adaptation measures 

It is important to remember, that women are not only vulnerable to climate change but they are 

also effective actors or agents of change in relation to both mitigation and adaptation. Women 

often have a strong body of knowledge and expertise that can be used in climate change mitigation, 

disaster reduction and adaptation strategies. Furthermore, women’s responsibilities in households 

and communities, as stewards of natural and household resources, positions them well to contribute 

to livelihood strategies adapted to changing environmental realities25. Women are often excluded 

from decision-making on access to and the use of land and resources critical to their livelihoods. 

For these reasons, it is important that the rights of women are ensured in regards to food security, 

non-discriminatory access to resources, and equitable participation in decision-making 

processes25. 

Adaptation 

response 

Technologies  Description 
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Inclusion of 

women in 

decision-making 

Giving women voice 
in water management/ 

agriculture 

Establishing a minimum quota for women’s membership 
in Water User Associations (WUAs) so as to ensure 

women’s participation in decision-making processes; 

setting slightly lower WUA membership fees for women, 

where appropriate, to make it more economically 
feasible for women to join; opening up WUA 

membership to users of water for other purposes than 

irrigation.  

Recognizing the importance and power of customary 

land rights for woman. 

Capacity-

development and 
access to information, 

knowledge and 

technology  

Increasing the literacy, participation in educational 

activities, trainings in appropriate use of modern 
technologies in water adaptation, climate smart 

agricultural productions and awareness raising by 

projects stuff or nongovernmental organizations in rural 

communities for greater participation of women. 

Greater resource 

availability for 

woman 

Improve women’s 

access to productive 

resources  

Taking affirmative action in land allocation strategies by 

fixing a minimum quota for land allocations to women 

and equal plot size allocations for both women and men; 
enhancing women’s access to financial services through 

relevant mechanisms and by allocating a minimum quota 

of loans for women; providing water infrastructure other 
than irrigation systems, such as wells and hand pumps, 

not only to address health and sanitation issues, but also 

to reduce the everyday drudgery of women by providing 

them with more time to participate in other activities. 

Increased 

women’s 

capacities to 

achieve the full 

benefits of the 

programs and 

projects  

Enhancement of 

women’s capacities to 

achieve the full 
benefits of the 

programs and projects  

Enhancing women’s capacities through training in 

income-generation activities, crop and vegetable 

production, irrigation methods, water conservation 
techniques, leadership skills, literacy and numeracy; 

revitalizing traditional knowledge in agricultural water 

management and crop production through trainings and 

demonstration activities.  

 


