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1. Introduction

Climate change effects on Azerbaijan environment, economy and society

Climate Adaptation as a strategy to get ready for future impacts (e.g. water, agriculture)

This study aims to develop an indicator-based climate change assessment for Azerbaijan’s 
mountain regions to support decision making in adaptation planning. 

Objective:



2. Methodological phases - Stakeholder analysis

• Overview of existing studies on climate change and adaptation in 
Azerbaijan

1. Ecosystem-based approached to climate change

2. Climate change risk management

3. National Adaptation Plan (NAP)

4. Multi-Hazard Early Warning Systems

5. Natural resources management



Ismayilli and Samakhi rajons selected for their mountain 
characteristics having a variety of agro-ecological zones

2. Methodological phases – Case studies



2. Methodological phases – Impact chains

Impact chains for risk assessments:

• Stepwise & indicator-based approach

• Identification of the factors involved in climate 
change risk

• Combination of quantitative & qualitative data



Risk of drought

2. Methodological phases - Workshop in Baku

Risk of forest 
damage

Risk of erosion

Risk of flood 
damage



Global downscaled climate projections: 

• ISIMIP 

• 0.5° x 0.5° resolution

• Two different emission scenarios:
• RCP 4.5 (emission reduction) and
• RCP 8.5 (business as usual)

• Four global model simulations

• 1951 – 2100 annual mean series 

https://www.isimip.org/

3. Methodological phases - Climate data analysis

https://www.isimip.org/


Change in temperature

• Changes in seasonal 2051 – 2080 maximum 
temperature climatologies with respect to recent 
past (1971 – 2000) for the 4 model simulations 
under the RCP 8.5 scenario

• Smoothed spatial variability

• Coherent increasing signal among models

• Greater increases in summer (+ 5–10 °C) and 
autumn (+ 4–7 °C)

°C

Similar temperature changes, but different impacts on different areas 
(e.g. mountains, coastal region, ...)

3. Methodological phases – Climate data analysis



Change in total precipitation
(mean relative differences in seasonal total 
precipitation between 2051 – 2080 and 1971- 2000 
for RCP8.5)

• Higher model variability especially in spring and 
autumn

• Higher spatial variability over the whole country in 
all seasons with both positive and negative 
changes

3. Methodological phases - Climate data analysis



Temperature extremes:

• Increase in annual maximum daily temperature 
extreme up to 10 °C (RCP 8.5) over 2070 – 2099 
with respect to 1970 - 1999 

• Greater increase in the western Azerbaijan

Precipitation extremes:

• Increase in annual maximum of 5-day precipitation 
sum over the whole country

• up to + 40% over 2070 – 2099 with respect to the 
recent past (1970 – 1999)

3. Methodological phases - Climate data analysis



Drought indices:

• SPI (Standardized Precipitation Index) and SPEI (Standardized 
Precipitation-Evapotranspiration index)

• Aggregation over 12 months

• Changes in water availability 

Drought events in current present and future are identified and 
characterized by considering:

1. Frequency (N of events per decades)

2. Duration 

3. Severity 

Increase in mean duration and mean severity of drought events in 
future (2070 – 2099) especially in western Azerbaijan 

3. Methodological phases - Climate data analysis

1.

2.

3.



Desk-based research exploring 
open territorial datasets

Resource Data type Resolution Link

Digital Elevation

Model
Regular grid 90 m

https://cgiarcsi.community/data/s

rtm- 90m-digital-elevation-

database-v4-1/

Land Cover Regular grid 300 m

https://sustainable-

caucasus.unepgrid.ch/layers/ESA20

10_ Cauc:geonode:ESA2010_Cauc

Global forest change Regular grid 30 m
https://earthenginepartners.appspot.c

om/ science-2013-global-forest

Built-up settlements Regular grid 3 arcs
https://www.worldpop.org/geodata/

sum mary?id=17065

Road networks Vector data -

https://geonode.wfp.org/layers/ogcser

ver

.gis.wfp.org:geonode:aze_trs_road

s_os m

Rivers Vector data -

https://sustainable-

caucasus.unepgrid.ch/layers/geonod

e:riv er_of_azerbaijan_republic_1

National statistics

Aggregated

information at

rayon levels

-
https://www.stat.gov.az/source/agric

ultu re/?lang=en

3. Methodological phases - Vulnerability and impact assessment

https://cgiarcsi.community/data/srtm-90m-digital-elevation-database-v4-1/
https://cgiarcsi.community/data/srtm-90m-digital-elevation-database-v4-1/
https://earthenginepartners.appspot.com/science-2013-global-forest
https://earthenginepartners.appspot.com/science-2013-global-forest
https://www.worldpop.org/geodata/summary?id=17065
https://www.worldpop.org/geodata/summary?id=17065
https://www.stat.gov.az/source/agriculture/?lang=en
https://www.stat.gov.az/source/agriculture/?lang=en


• To characterize the two pilot regions

• Retrieve information on vulnerability factors:

• Existence and maintenance of irrigation structures

• Flood protections and early warning systems

• Forest composition

• Forest disturbance

• Integrated Water Resources Management (IWRM)

• Financial and human resources

3. Methodological phases - Vulnerability and impact assessment



4. Results – Risk of drought

Information on the:

• coverage and maintenance of irrigation structures

• Better and more irrigation infrastructures in 
Ismayilli than Samaxi

• Expansion of the (irrigated) agricultural land

• Lack of an Integrated Water Resources Management 
(IWRM) 



4. Results – Risk of drought

Risk of drought in agriculture in foothill areas 

 Current Situation  Future (2050-2080)  

 Ismayilli Shamakhi Ismayilli Shamakhi 

Hazard (Drought) High High Very High Very High 

Vulnerability Moderate High Moderate High 

Exposure Moderate High Moderate High 

Risk Moderate High High Very High 

Confidence of 

Assessment 

Moderate  Moderate - Low  

Critical settings Small farm-holders with rain-fed or poorly irrigated fields, inefficient irrigation 

systems, agriculture on already degraded soils. 

 

Risk of drought in agriculture in mid elevation areas 

 Current Situation  Future (2050-2080)  

 Ismayilli Shamakhi Ismayilli Shamakhi 

Hazard (Drought) Moderate Moderate High High 

Vulnerability Low Low Low/Moderate Low/Moderate 

Exposure Low Low Low/Moderate Low/Moderate 

Risk Low Low Moderate Moderate 

Confidence of 

Assessment 

Moderate  Moderate - Low  

Critical settings Risk is higher in the lower parts of the hillslopes close to the bigger settlements due 

to higher temperatures and more intensive land-use. Deforestation to develop new 

pastures and/or arable land could increase risk. 

 

Key messages:

• Increase of irrigated agriculture land →
increase of water demand

• Need to better understand irrigation 
infrastructure / agricultural practices and how 
to make them more resilient

• Drought events increase in western part of 
Azerbaijan → consequences downstream 
foothill areas



4. Results – Risk of erosion

1. Index based analysis:

• Slope length, steepness and land cover affecting erosion processes

2. Expert opinion

1. 2.



Key messages:

• Conversion from winter pasture to 
cropland → soil erodibility + increase of 
water demand

• More pressure on summer pastures →
more land degradation → erosion

Summary Table: Risk of erosion (on steep slopes) 

 Current Situation Future (2050-2080) 

 Shamakhi Ismayilli Shamakhi Ismayilli 

Hazards (heavy rain) Moderate Moderate Moderate / High 
Moderate / 

High 

Vulnerability High High High/ Very High 
High/ Very 

High 

Exposure High High High High 

Risk High High High/ Very High 
High/ Very 

High 

Confidence of 

Assessment 
High Moderate 

Critical settings 

Arable land (wheat) on steep slopes, intensively grazed and degraded 

national pastures in higher mountain regions. Improper construction of 

roads contributes to erosion and landslides. 

 

4. Results – Risk of erosion



4. Results – Risk of forest damage

Key message:

• Forest loss has been moderate and mainly in 
Ismayilli

• Forest areas not subjected to conversion into 
pasture/cropland

• Forest cover plays a big role in reducing 
erosion processes

Risk of forest damage 

 Current Situation Future (2050-2080)  

 Ismayilli Shamakhi Ismayilli Shamakhi 

Hazards   (high 

temperatures) 

Low Low Moderate Moderate 

Vulnerability Low Moderate Moderate / High Moderate / High 

Exposure Low Low Moderate Moderate 

Risk Low Low Moderate Moderate 

Confidence   of 

Assessment 

High  Moderate  

Critical 

settings 

Forest in lower mountains (higher temperatures, more heat stress and drought risk) in 

vicinity to settlements and roads (more disturbance due to grazing, wood collection, 

potential fire ignition). Particularly vulnerable is the walnut tree. 

 



Risk of flood in foothill areas 

 Current Situation  Future (2050-2080)  

 Ismayilli Shamakhi Ismayilli Shamakhi 

Hazard  (heavy 

rain) 

Moderate Moderate Moderate/High Moderate/High 

Vulnerability Moderate/High Moderate/High High High 

Exposure Moderate Moderate Moderate Moderate 

Risk Moderate Moderate Moderate Moderate 

Confidence   of 

Assessment 

Moderate - Low  Low  

Critical 

settings 

Settlements, infrastructure like roads and irrigation systems, as well as agricultural 

lands situated within flood risk zones. Areas with no adequate flood protection 

infrastructure or infrastructure at risk that is not constructed properly. Unchecked 

changes to the riverbed, for example through the excavation of gravel. 

 

Key message:

• Precipitation increase mainly in the easter 
part of AZ

• Lack of flood hazard maps

• Resources and infrastructures to reduce 
risk are limited or missing

4. Results – Risk of flood



5. Conclusions and future developments

Ismayilli and Shamakhy

1. Drought and erosion are the two main 
risks 

2. Land conversions (pasture → cropland) 
increase erosion and water demand for 
agriculture

3. Forest cover should be considered to 
reduce erosion processes

Azerbaijan

1. Future climate conditions are likely to increase 
drought events (western AZ)

2. Climate effects on intense precipitation 
(eastern AZ) → increasing floods and erosions 
processes.



5. Conclusions and future developments

Data availability

• Limited time coverage for local climate data

• ISMIP data as a good work-around but with 
problems related to spatial resolution

• Good local land-cover data was missing

Covid-19

• No second workshop, important for expert 
assessment. 

• Analyses as a mix of quantitative data and 
expert assessment (supported by questionnaire)

• Vulnerability factors need local knowledge

• Good assessments based on data and narratives 
from local stakeholder and expert assessments

Limitations:



Ismayilli and Shamakhy

1. Final report in english
2. Summary report in English and Azeri

Further developments:

• scientific basis for adaptation planning, such as the National 
Adaptation Plan (NAP).

• international financial mechanisms, such as the Green 
Climate Fund and Adaptation Fund.

• replicability to other mountain regions of Azerbaijan and 
across the Caucasus region.

5. Conclusions and future developments
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