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GLOSSARY 

Adaptation to climate 

change  

Adaptation to climate change can be defined as a "set of organization, locali-

zation and technical changes that societies will have to implement to limit the 

negative effects of climate change and to maximize the beneficial ones" (Hal-

legatte et al. 2011).  

The United Nations Framework Convention on Climate Change (UNFCCC) 

defines adaptation as ¯adjustment in natural or human systems in response 

to actual or expected climatic stimuli or their effects, which moderates harm 

or exploits beneficial opportunities°. (UNFCCC 2013) 

Climate change  Climate change ¯means a change of climate which is attributed directly or in-

directly to human activity that alters the composition of the global atmos-

phere and which is in addition to natural climate variability observed over 

comparable time periods.° (UNFCCC 1992). 

Climate hazard  A physical process or event (hydro-meteorological or oceanographic varia-

bles or phenomena) that can harm human health, livelihoods, or natural re-

sources. A hazard is not simply the potential for adverse effects. (https://cli-

matescreeningtools.worldbank.org/content/key-terms-0).  

Cost -benefit analysis  A systematic approach to estimate costs and benefits of a project. It com-

pares the discounted value over the whole lifetime of the project ² the net 

present value (NPV) ² of the costs and the benefits. A project is recom-

mended if the benefits outweigh the costs (NPV > 0). 

Extreme weather events  ¯The occurrence of a value of a weather or climate variable above (or below) 

a threshold value near the upper (or lower) ends of the range of observed 

values of the variable° (IPCC 2012, p. 117) with respect to a given reference 

period and a specific region. 

Macroecon omic model  A macroeconomic model shows the economy and its interrelationships in a 

simplified way. It consists of variables which describe the economic actors 

(e. g. households) and sectors (e. g. agriculture) as well as their behavior 

(e. g. consumption). Model equations show the relationship between the var-

iables.  

Results of a model can be forecasts of model variables or effects on model 

variables through shocks when conducting a scenario analysis. 

Scenario  Scenarios are consistent sets of quantified assumptions describing the future 

development. Scenarios should not be considered as precise forecasts. In-

stead, they show possible development paths that are reactions to the as-

sumptions made. 

  

https://climatescreeningtools.worldbank.org/content/key-terms-0
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Supporting Climate Resilient Economic 

Development in Kazakhstan 

EXECUTIVE SUMMARY 

Climate change poses major challenges for Kazakhstan. On the one hand, Kazakhstan committed itself 

in December 2020 to achieve carbon neutrality by 2060, which requires a transformation of today®s 

resource-based economy and thus Kazakhstan contributes to limiting global warming. On the other 

hand, Kazakhstan is confronted with gradual long-term changes of the climate such as increasing tem-

peratures, changed precipitation patterns as well as more frequent, more severe and recurring extreme 

weather events such as droughts and floods. 

The outstanding importance of climate change for Kazakhstan was also stated by the President of the 

Republic of Kazakhstan Mr. Tokayev at the General Debate of the 75th session of the UN General As-

sembly: ¯Kazakhstan is very vulnerable to various effects of climate change° (UNGA 2020). 

Climate change not only affects the environment but also causes immense economic costs, affects key 

industries and endangers jobs, wealth and life of Kazakh people. Floods and storms destroy infrastruc-

tures while droughts cause yield losses in agriculture. Increasing temperatures have adverse impacts 

on human health as well as energy demand and supply. Apart from theses direct impacts, further losses 

result from e. g. impaired production due to power outages.  

Adaptation to climate change aims at limiting the adverse impacts of climate change while maximizing 

the beneficial ones. Various adaptation options and evaluations exist for certain economic sectors and 

climate hazards. Usually not well-known are the macroeconomic impacts and intersectoral effects of 

climate change and adaptation which goes beyond single economic sectors analyses. 

However, the knowledge of the economy-wide effects of climate change and sectoral adaptation 

measures in terms of GDP, employment and CO2 emissions is vital for Kazakhstan to develop climate 

resilient economic development strategies. Environmentally extended economic models in combination 

with scenario analysis support policymakers with these issues. 

An extensive exchange with Kazakh partners, experts and the cooperation between the Ministry of Na-

tional Economy (MNE) of the Republic of Kazakhstan, the Institute of Economic Research (ERI), GWS 

and GIZ resulted in the development of the e3.kz macro-econometric model for Kazakhstan. The model 

application ensures evidence-based policy-making in the context of climate change adaptation.  

Climate change and adaptation scenarios were designed comprising information and data on the most 

relevant climate hazards, their sector-specific impacts as well as suitable adaptation options. Subse-

quently, these scenarios were analyzed with the model e3.kz to quantify the long-term macroeconomic 

impacts.  

Overall, the macroeconomic analysis shows that climate change puts food and energy security at risk. 

Economic growth, jobs and income are endangered not only in directly impacted economic sectors as 

long as no adaptation measures are taken. 

Selected adaptation measures for the key priority sectors agriculture, energy and infrastructure were 

examined regarding their economy-wide impacts by applying the e3.kz model. Comparing most rele-

vant model indicators allow policymakers to identify those adaptation measures that are highly effective 

and have positive effects on the economy, employment, and the environment (win-win options). 
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The exemplary analyses show that adaptation measures provide co-benefits but also shed light on pos-

sible trade-offs with other strategies in Kazakhstan:  

(1) The adverse impacts of climate change can be reduced in directly impacted sectors and also 

other sectors along the value chain.  

(2) Measures that primarily support the domestic economy, e. g. through construction activities as 

in the case of the (re-)construction of water canals or climate resilient infrastructure, are even 

more beneficial. Jobs and income are created in Kazakhstan.  

(3) The positive economic effects are curtailed if products must be imported, such as drip irrigation 

systems or electrical equipment.  

(4) As long as investment costs are at the expense of other government consumption expenditures, 

as shown at the example of ¯green belt mass afforestation°, or result in higher prices ² exemplary 

shown in the ¯(re-)construction of storm-proofed buildings°, then affected sectors are strained 

by these effects. Financial support from international donors would further improve the effects 

for the macroeconomy. 

(5) Combating climate change requires a holistic approach including both mitigation and adaptation 

action. The e3.kz model results show that higher economic activity increases CO2 emissions if no 

countermeasures are taken. Nature-based solutions such as the ¯deployment of wind power and 

energy efficiency improvements in the housing sector° to increase the resilience of the energy 

sector or the ¯green belt mass afforestation° to reduce the adverse impacts from extreme wind 

demonstrate that co-benefits of adaptation and mitigation measures can be created. 

The effectiveness and design of adaptation measures as well as supporting policy instruments (such as 

subsidies) influence not only sector-specific effects, but also macroeconomic impacts. Combining ad-

aptation measures may help to exploit existing opportunities to further reduce the impacts of climate 

change. 

The results are subject to several uncertainties due to the nature of climate change and the current 

limited knowledge on adaptation costs and benefits. However, the results increase awareness on the 

topic and provide the basis to prepare climate-sensitive development plans and economic development 

strategies at the national level in Kazakhstan which has budgetary sovereignty and plans for the long 

term. 

Although the financial and economic impacts are relevant for policymakers to decide which adaptation 

measure is ̄ most effective°, other criteria ² which are beyond scope of the model ² must be considered 

as well such as health aspects, ecosystem services (biodiversity, regulation of the water balance), dis-

tributional effects, other greenhouse gas emissions and international / political implications to get a 

more comprehensive evaluation and to formulate an appropriate adaptation strategy. 
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1 INTRODUCTION  

Climate change poses major challenges for Kazakhstan. On the one hand, Kazakhstan committed itself 

in December 2020 to achieve carbon neutrality by 2060, which requires a transformation of today®s 

resource-based economy and thus Kazakhstan contributes to limiting global warming. On the other 

hand, Kazakhstan is confronted with gradual long-term changes of the climate such as increasing tem-

peratures as well as more frequent, more severe and recurring extreme weather events (EWE) like 

droughts and floods. Both aspects ² adaptation to and mitigation of climate change ² must be consid-

ered in long-term economic planning. The shift to a green economy requires immense investment, 

which should also be climate resilient to avoid major damage. The outstanding importance of climate 

change for Kazakhstan was also stated by the President of the Republic of Kazakhstan Mr. Tokayev at 

the General Debate of the 75th session of the UN General Assembly: ¯Kazakhstan is very vulnerable to 

various effects of climate change° (UNGA 2020). 

With climate change causing immense economic costs and affecting key industries such as agriculture, 

energy and transport, policy makers need powerful tools to evaluate possible economic risks and ben-

efits (awareness raising) as well as different adaptation strategies (preparedness) to be able to initiate 

the transition to a climate resilient economy. Knowledge of the economy-wide effects of climate change 

and sectoral adaptation measures is vital for Kazakhstan to develop climate resilient economic devel-

opment strategies. Environmentally extended economic models in combination with scenario analysis 

support policymakers with these issues. 

To ensure evidence-based policy-making on adaption to climate change, the macroeconomic model 

e3.kz1 model has been developed in cooperation between the Ministry of National Economy (MNE) of 

the Republic of Kazakhstan, the Institute of Economic Research (ERI), GWS and GIZ.  

The e3.kz model is such a tool which supports in understanding and quantifying the economic impacts 

of climate change and the economic evaluation of adaptation measures by conducting scenario analy-

sis: Different adaptation options can be evaluated with regard to their economy-wide effects and their 

implications for the environment. By defining appropriate indicators, adaptation options can be evalu-

ated against each other to find favorable solutions or appropriate combinations of adaptation measures. 

This approach goes beyond the classic cost-benefit approach, which is usually limited to a single eco-

nomic sector analysis. 

A macroeconomic analysis with the e3.kz model goes a step further and evaluates the economy -

wide impacts of climate change and sector -specific adaptation measures . Thus, t he e3.kz model 

results do not only show the direct effects but also the indirect and induced macroeconomic con-

sequences (GDP, jobs, imports, sector-specific production) for Kazakhstan due to economic inter-

relationships. On the one hand, model results of the climate change scenario show what could hap-

pen under climate change (awareness raising under uncertainty). On the other hand, policymak-

ers can identify those adaptation measures that are highly effective and have positive effects on 

the economy, employment, and t he environment (win -win options).  

 

1
 E3 models contain three interlinked model parts, consisting of an economy model (1) enhanced by energy (2) and emission (3) modules. The 

abbreviation kz indicates Kazakhstan for which the model is built. 
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The global program Policy Advice for Climate Resilient Economic Development (CRED) supports re-

spective ministries in Kazakhstan as well as in Georgia and Vietnam in developing climate-sensitive 

development plans and economic development strategies by: 

(1) Developing methods and tools for modelling the economic impacts of climate change 

(2) Capacity building through training and coaching: Supporting the lead executing agencies and 

implementing partners to become independent users of the macro-economic models 

(3) Supporting the lead executing agencies and relevant stakeholders in integrating the results in 

policy-making processes and adaptation planning (planned products and activities of policy ad-

vice support) 

 

Figur e 1: CRED Process: Macroeconomic modelling for evidence -based policy making  

Source: GIZ. 

Figure 1 shows the CRED process under which the modeling activities are conducted.  The process 

started with the compilation of economic and climate data, followed by the set-up of the e3.kz model 

which was then applied to climate change and adaptation scenarios. The macroeconomic results are 

then fed into stakeholder discussions and policy processes (Dekens and Hammill 2021) to support an 

evidence-based adaptation solutions.  

This report is organized as follows: 

Chapter 2 first provides an overview of a selection of different modeling approaches as well as the 

selected CRED approach that addresses the estimation of the macroeconomic impacts of climate 

change. 

Chapter 3 addresses climate change and its economic impacts in Kazakhstan. The current economic 

situation in Kazakhstan, past and future climatic trends as well as their impacts on specific economic 

sectors are introduced. An overview of monetized damage data from past climate events which is an 

important prerequisite to model the economy -wide impacts of climate change is provided as well. 

Chapter 4 describes in a nutshell the assumptions and results of the reference scenario, which serves 

as a basis for the climate change and adaptation scenarios. 
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Chapter 5 explains how climate change is implemented into the macro-econometric model e3.kz by 

conducting scenario analysis.  The economy-wide impacts of EWEs are illustrated with case studies. 

Chapter 6 presents selected adaptation measures for the three focus sectors of agriculture, energy and 

infrastructure aiming to reduce or even avoid climate damages. The macroeconomic impacts of the 

adaptation measures are quantified and provide economic arguments to support the selection of ap-

propriate measures for the National Adaptation Plan (NAP) process. 

Chapter 7 illustrates possible entry points for macroeconomic modelling in the policy making process 

and highlights the benefits. Furthermore, ways for anchorage and institutionalization of the modelling 

activities in Kazakhstan are described. 

Chapter 8 draws on lessons learned from the CRED project on approaches for modelling the economic 

impacts of climate change and adaptation. 
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2 MODELLING APPROACH 

2.1 APPROACHES FOR MODELLING ECONOMY-WIDE EFFECTS OF 

CLIMATE CHANGE 

2.1.1 INTERNATIONAL MODELLING APPROACHES 

Various approaches to estimate the macroeconomic effects of climate change are described in the 

literature. Probably the best-known calculations have been made since the early 1990s by William 

Nordhaus. They led to the development of one of the first integrated assessment models DICE 

(Nordhaus 1992), which attempted to represent the interrelationships between climate change and the 

global economy in a dynamic model, and were honored with the Nobel Prize in 2018. Other models 

followed, such as the FUND model run by Richard Tol2, the REMIND model from the Potsdam Institute 

or RICE as a regionally specified variant of DICE. These models have in common that they are subject 

to neoclassical utility maximization and that the damages of climate change, summarized in a damage 

function, are a side condition to reach an equilibrium. In these models, climate change-induced dam-

ages are represented in more or less complex, more or less empirically determined dependencies on 

more or less differentiated climate change indicators. A particularly simple variant is a directly estimated 

influence of increased temperature on the target variable, for example in the form of a linear or expo-

nential dependence. More sophisticated variants estimate individual damage functions for individual 

climate indicators, such as drought, heat, heavy rainfall, or floods for different economic sectors such 

as agriculture, the energy sector, or tourism (PAGE in the Climate Cost project, also FUND by Anthoff 

et al. 2011).  

There is extensive scientific discussion on these models, revolving around the validity of discount rates, 

the optimal social discount rate (Weitzman 1998), fat tails of the distribution function of climate risk 

(Hwang et al. 2016), and other scientifically exciting questions and challenges. The models applied do 

not explicitly consider time and show states of the economy in an initial equilibrium, which are compared 

to an equilibrium after taking into account climate impacts or additionally adaptation measures. The 

comparative static comparison of two equilibrium states does not give insights into transformation path-

ways, or only to a very limited extent. These approaches have contributed significantly to the estimation 

of economic impacts at the global level and to quantify economic costs of inaction. 

While greenhouse gas (GHG) emissions contribute everywhere to global warming, climate change and 

adaptation impacts differ much more at the national, regional or even local level. To account for this, 

global models have been regionalized in top-down ways (for example, RICE, or Ricke et al. 2018). In-

creasingly, however, studies can be found in the literature in which climate change-related damages 

and adaptation costs are estimated and quantified in bottom-up methods. Examples can be found for 

the European member states in the studies conducted by the Joint Research Center of the EU under 

the acronym PESETA (meanwhile up to PESETA IV, Feyen et al. 2021), for Austria in the COIN3 study 

by Steininger et al. (2015), for the EU COACCH (2021) project, for European islands in the SoClimpact4 

project, in the impact assessment for the EU 2021 adaptation strategy (European Commission 2021a, 

 

2 http://www.fund-model.org/ 
3 https://coin.ccca.ac.at/ 
4 https://soclimpact.net/ 

http://www.fund-model.org/
http://www.rri.wvu.edu/CGECourse/Sue%20Wing.pdf
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b) or for Germany in the studies EconCCAdapt5 and most recently in Lehr et al. (2020). In addition, 

many individual sector-specific studies are available. 

Applied macroeconomic analysis of climate change is a complicated task which is increasingly met with 

a combination of bottom-up sector specific models and macroeconomic models (Ciscar et al. 2012; 

Ciscar et al. 2014; Nordhaus 2017; Bosello and Parrado 2020; Schinko et al. 2020). Because climate 

change is a global phenomenon, most applications have focused on large scale aggregation of geo-

graphical regions. However, downscaled modelling provides useful policy insights from a regional per-

spective based on unique vulnerabilities and socioeconomic characteristics. 

Macroeconomic models can be used for modelling the impacts of climate change and climate 

change adaptation  at the national level . In the model approaches, macroeconomic top-down models 

are linked with the detailed results of sector models or bottom-up models. The national accounts form 

the basis of an macroeconomic model. In addition, the interdependences of the economic sectors are 

depicted in Input-Output (IO) tables. Using national accounts and IO data, the sectoral impacts including 

direct, indirect and induced effects of climate change, and adaptation measures and instruments can 

be recorded. The following overview of the modelling approaches found in the literature will help the 

reader to understand the results of different modelling approaches and put them into perspective.  

According to the Network for Greening the Financial System (NGFS 2020), economic models assessing 

climate risks can be divided into integrated climate-economy models and adapted macroeconomic 

models (Table 1). The main difference lies in the linkage of climate and economic models and their 

interactions. While Integrated Assessment Models (IAM) combine both the economic damages from 

climate change and the impact of GHG emissions on the climate, adapted macroeconomic models 

consider in particular the impacts of climate change on the economy. The degree of modelling detail 

varies considerably for all model types. An overview gives for example Botzen et al. 2019, IPCC 2014, 

Lehr et al. 2020, and Máñez Costa et al. 2016.) 

 

5 https://www.oekonomie-klimawandel.de/ 

http://www.ge.undp.org/content/dam/georgia/docs/publications/GE_UNDP_Disaster_Risk_Reduction_Capacity_Assesment_Report_2014_Eng.pdf.
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Table 1: Types of economic models to assess climate risks  

 

Source: NGFS 2020, p. 23 

 

Economic models can be distinguished according to their underlying economic theory explaining the 

functioning of and interaction within an economy. Basically, these are computable general equilibrium 

(CGE), static IO and macro-econometric (or dynamic) IO models (Lehr et al. 2020, NGFS 2020, Máñez 

et al. 2016, Pollitt and Mercure 2018). These model types are based on inherent assumptions explaining 

differences in model results (see for example Großmann et al. 2016, Mercure et al., 2019). In the context 

of the economic analysis of climate change effects, these economic models are partly combined6 with 

climate models to create Integrated Assessment Models (IAM), in which climate models are linked to 

CGE models using a loss function, and Disaster Impact Models (DIM), in which the economic effects of 

catastrophic events on the regional economy are assessed and in which regionalization of CGE or IO 

models takes place. 

 

  

 

6
 Climate models and economic models have so far only been linked in a highly aggregated way in impact assessment models on a global level, 

and for only one or a few economic sectors. Especially with national models, a "soft" link is common, in which information from climate mod-

els is translated into economic quantities and then entered into the economic model  (see section 5.1). 
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CGE Models  

CGE models  are especially used for the analysis of climate change impacts at sector level and their 

economy-wide effects (e. g. ENV-Linkages in OECD 2015, GEM-E3 in Ciscar et al. 2011). These models 

are optimization models and in their most basic form characterized by market clearing assumptions, 

fully flexible prices and immediate substitution. In this regard, CGE models are suitable for long-term 

issues under the assumption of functioning markets but climate change and adaptation costs tend to 

be underestimated (Botzen et al. 2019, p. 183, OECD 2015, p. 30). 

In contrast to IAMs using simplified damage functions which link climate change with economic indica-

tors, ENV-Linkages and GEM-E3, for example, use a different approach which is shown in Figure 2 

(Ciscar et al. 2011, OECD 2015, Ortiz, Markandya, 2009).  

 

Figure 2: Linking economic and climate change models  

Source: OECD 2015, p. 30 

The economic model includes sectoral detail and derives emission pathways from economic activity. 

The emissions serve as input into climate models which derive climate indicators such as temperature 

increase. The climate indicators are then used in biophysical sector models to obtain specific impacts 

(e. g. crop yield or energy demand changes). Climate damages which can affect both the supply and 

demand side finally serve as input into the economic model. 

In the PESETA project (which uses GEM-E3), the impacts of climate change are modeled in the econ-

omy either through damage to the capital stock, through sectoral productivity losses or as welfare losses 

of private households (Feyen et al. 2020). The latter may result from additional energy demand for 

cooling or involuntary additional expenditures for the repair of flood damage. A similar approach is used 

in the COIN project for Austria (Steininger et al. 2015). 
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Static IO models  

Static IO models  are based on IO tables which provide a detailed view on inter-industry linkages and 

the demand/ supply relationship (United Nations 2018, Miller and Blair 2009, Leontief 1986). IO models 

go back to Leontief who mathematically illustrated the effects of additional demand in a single industry 

and its economy-wide direct and indirect impacts. The static IO approach is appropriate for short-term 

analysis due to its constant economic structure. In contrast to most CGE models, immediate substitution 

does not exist. Temporary supply constraints due to losses in production must be modeled by specific 

changes in the so-called input coefficients representing necessary inputs for the sector-specific output. 

However, long-term adaptation processes cannot be represented in a static IO model due to the lack 

of consideration of adjustment processes over time. Adaptation costs tend to be over-estimated as this 

model type does not allow for substitution processes when confronted with higher costs  (Botzen et al. 

2019, pp. 172, Lehr et al. 2020, Máñez Costa et al. 2016). Disaster Impact Research applies, for exam-

ple, IO models to estimate direct and indirect impacts of e. g. reconstruction activity to repair the dam-

age caused by EWEs at national and subnational (e. g. Bockarjova et al. 2004, Okuyama et al. 2004). 

 

Macro -econometric (or dynamic) IO models  

Macro -econometric (or dynamic) IO models  (Almon 1991, 2014, West 1995) build upon the ad-

vantages of static IO models but largely resolve their limitations and inherent assumptions, amongst 

others the absence of time and of capacity constraints. Prices indicate shortages due to capacity con-

straints. Due to the explicit consideration of time in dynamic models, they can reflect the economic 

development year after year and can therefore show the temporal adjustment path of recovery periods 

from climate change effects and adjustment process of adaptation. 

As with static IO models, dynamic IO models are typically demand-side driven. However, the demand 

is determined endogenously and not given exogenously. Income which is influenced by the current 

labor market situation as well as consumer prices is an important determinant for consumer demand. 

This implies another benefit of dynamic IO models: apart from direct and indirect effects also (income-

) induced impacts can be evaluated. 

Macro-econometric IO models rely on a comprehensive data set that allows to model volume and price 

reactions based on empirical estimations as opposed to CGE models that are using parameters cali-

brated to a base year. Trends which were detected in the past are assumed to be valid in the future and 

relax the assumption of a constant economic structure and/or import dependency, which is much more 

realistic for a mid- to long-term projection. Future technological changes and innovations may be con-

sidered and make the model more useful to analyze structural changes (Mercure et al., 2019). Never-

theless, the assumption of constant parameters (which are derived from past observations) is less and 

less valid with increasing distance in time. 

The macro-econometric IO modelling approach is e. g. applied to evaluate climate change impacts and 

adaptation measures in Germany using the model PANTA RHEI (Lehr et al. 2016, EconCCadapt pro-

ject7), for the EU islands and at EU level using the model GINFORS (Lehr et al. 2018, Aaheim et al. 2015, 

European Commission 2021a) and E3ME (Cambridge Econometrics 2019). Similar to the approach 

described in Figure 2, damages and losses from EWEs were collected by screening literature and dam-

age databases e. g. from reinsurance companies, translated into model variables and then implemented 

 

7
 https://www.oekonomie-klimawandel.de/ 



 

 11 

Supporting Climate Resilient Economic 

Development in Kazakhstan 

as economic impulses into the models. Damages were modeled, for example, as a reduction in the 

capital stock in the machinery and real estate sectors. The non-usability of transport infrastructure due 

to flooding does not represent physical damage, but leads to higher costs (economic losses) due to the 

use of other means of transport and routes, which were captured in the model as well. Productivity 

losses were modeled by higher imports in the respective sectors, so that the lower production level is 

at least partially compensated (Lehr et al. 2016, 2020). 

 

2.1.2 MODELLING APPROACH CHOSEN FOR KAZAKHSTAN 

Based on the international experiences, it is obvious that various approaches for modelling the eco-

nomic impacts of climate change and adaptation exist. So far, there is no one fits all solution. Each 

approach has its advantages and limitations (Keen 2020, Keppo et al. 2021). For this reason, several 

models that complement each other are sometimes used at the same time (e. g. Feyen et al. 2020, Lehr 

et al. 2018). Additionally, an assessment of the economic and environmental modeling capacity in Ka-

zakhstan (TALAP 2019) showed that there is a gap between macroeconomic and climate modeling 

communities. So far, there was no understanding among the modelling actors in Kazakhstan of how to 

integrate climate change impacts into economic modeling. 

During on-site and remote meetings, a common understanding was created together with various Ka-

zakh partners and experts (amongst others ERI, Zhasyl Damu, TALAP, Committee of Statistics) on the 

main goal of the CRED project, the modeling approach as well as key requirements and necessary data. 

In principle, key requirements for an economic model to be able to map climate change can be defined 

as follows: it needs to capture the main economic impacts (e. g. productivity and income losses), sectors 

(e. g. agriculture, energy, infrastructure) that are directly affected by climate change and must take into 

account supply chains. Additionally, such an economic model has to consider long-term macroeco-

nomic developments not only with respect to future climate change impacts but also the adjustment 

reactions in the years subsequent to a climate event.  

For Kazakhstan, the macro-econometric (dynamic) IO modeling approach is a suitable solution. On the 

one hand, international experiences as well as other climate change adaptation projects of GWS show 

that this approach fulfills the necessary requirements and can be successfully implemented (Aaheim et 

al. 2015, Lehr et al. 2016, 2018, 2020). On the other hand, IO models already exist at the implementing 

partner institution ERI, so that this experience can be built upon. As Kazakhstan is in the process of 

transition to a ḡreen economy°, the dynamic IO model was extended to an E3 (economy, energy, 

emission) model, so that it is also possible to identify synergies and trade-offs of adaptation and mitiga-

tion strategies as well as Nationally Determined Contribution goals. 

In combination with scenario analysis, the modeling approach is suitable to study the economy-wide 

impacts of climate change and adaptation. In contrast to static models ² which compare a situation 

before and after a change (comparative static analysis) ² the proposed dynamic IO model is time-de-

pendent and considers the economic development and transition processes. Furthermore, the require-

ments for data and the model approach are kept moderate for a sustainable solution which is also 

important for the model ownership. However, the model approach is flexible, can be expanded in many 

ways and allows for integrating expert input.  
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2.2 THE KAZAKH E3.KZ MODEL 

The model e3.kz (economy, energy and, emission model for Kazakhstan) is a projection and simulation 

model which was developed jointly with Kazakh partners to evaluate the economy-wide impacts of cli-

mate change and adaptation measures. E3.kz models the Kazakh economy, the energy system and the 

CO2 emissions in a holistic and consistent model framework which has the advantage to calculate im-

pacts simultaneously for every year until the end of the simulation period, in this case 2050 (Figure 3). 

Each module is based on a comprehensive and up-to-date dataset given as time series which allows 

for deriving model relationships empirically. 

 

Figure 3: E3.kz mode l overview  

Source: Own illustration, based on GWS, 2022. 

 

Economy module  

The core of the economic  modelling part of the e3.kz model is a dynamic (or macro-econometric) IO 

model which is based on the INFORUM approach (Almon 1991, 2014). These models exist in different 

forms and degrees of complexity (e. g. Eurostat 2008, pp. 527, Großmann, Hohmann 2016, Lehr et al. 

2016, Lewney et al. 2019, Stocker et al. 2011). A common feature is that they are based on IO tables 

and national accounts depicting the key and supporting industries, their interlinkages as well as the 

domestic and foreign drivers for economic growth. The economic cycle is mapped in its entirety - from 

production to income generation, income redistribution and use of income.  

Following the top-down, demand-side driven approach, each of the GDP components is determined 

first and then allocated to the single economic sectors using constant shares for each final demand 
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category. The relationship between demand and supply is represented by the Leontief production func-

tion. 

Supply and price elements are considered as well to account for supply constraints possibly caused by 

EWEs. From the IO table, the cost structure for intermediate goods (e. g. energy) can be identified from 

the supply chains. The cost structure of each sector can be derived from primary inputs (including 

compensation of employees, net taxes on production). Production prices are determined on the basis 

of these costs. Volume and price reactions in this macro-econometric IO model are determined empir-

ically, take the passing on of costs into account as observed in the past and thus include the competitive 

situation on the different product markets and the labor market. Using econometric methods allows for 

imperfect markets and bounded rationality (Meyer, Ahlert 2019). Expectations of economic actors are 

myopic and follow routines developed in the past (Lutz et al. 2014). Thus, e3.kz is not a CGE model 

where prices balance supply and demand and households and companies optimize their behavior.  

Employment and income trends are part of the model to monitor their impacts on jobs and wealth. Labor 

demand follows the economy activity in the sectors considering labor productivity. The macroeconomic 

wage rate is derived from the Phillips curve approach taking the overall labor productivity and labor 

scarcity indicator ² measured as the ratio of population at working age and total labor demand ² into 

account. 

The modelling approach which covers not only quantity effects but also income and price effects pro-

vides multipliers that determine the dynamics of the system: 

¶ Leontief multiplier: Shows the direct and indirect effects of demand changes (e. g. 

consumption, investments) on production; 

¶ Employment and income multiplier: Increased production leads to more jobs and 

thus higher incomes resulting in higher demand (induced effect);  

¶ Investment accelerator: Indicates the necessary investments to maintain the capital 

stock needed for production based on the demand for goods. 

 

Energy Module  

The ener gy  module describes the relations within the energy sector in greater detail than in the eco-

nomic model. It depicts the energy demand, supply and transformation by different fossil fuels and 

renewables as stated in the energy balance. The energy demand is mapped in detail for the largest 

consumers such as industry, private households and transport. The key drivers of sector-specific en-

ergy demand are the economic development of the sectors, the respective energy intensity of the pro-

duction processes and energy price developments. The energy demand of private households is esti-

mated with population. The energy supply is determined by the energy demand of all sectors. Energy 

is either produced domestically or imported. Primary energy inputs are captured for power generation 

as well as heat generation.  
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Emission module  

The emission  module comprises the energy-related CO2 emissions8. Reductions in the use of fossil 

fuels caused by deployment of renewable energy or increased energy efficiency can be seen in CO2 

savings.  

 

2.3 SCENARIO ANALYSIS 

2.3.1 SCENARIOS AND ¯WHAT-IF° ANALYSIS 

Scenario analysis is a method for dealing with the uncertainties of the future. Different assumptions of 

how the future might be evolve can be tested (e. g. best and worst case). However, scenarios should 

not be considered as precise forecasts. Instead, they show possible development paths that are reac-

tions to the assumptions made. 

Scenario analysis helps to analyze and quantify the impacts of ¯what-if° questions, e. g. ¯What° will 

happen to the economy, ¯if° an EWE occurs or adaptation measures are introduced? Typically, such 

an analysis is done before a policy measure is introduced (ex-ante analysis) to explore possible reac-

tions within the economy and likely impacts on the environment.  

Scenarios are consistent sets of quantified assumptions describing the future development. ¯If° de-

scribes assumptions in the scenario settings which are injected into the model. ¯What° comprises the 

economy-wide impacts and consequences resulting from the assumptions made. Thus, a scenario 

helps to better understand what could happen and who / what is affected and how?  

Various policy options and measures can be analyzed by conducting scenario analysis depending on 

the main purpose of the model application and key research question. The e3.kz model was developed 

to answer questions such as: What are the economy-wide impacts of sector-specific climate change 

impacts and adaptation options? Examples are presented in sections 5.1 and 6.2. The comparison of 

model results from different scenarios to a reference scenario not including a certain policy or measure 

helps to identify the option which is appropriate for a particular issue. Policy-makers need to identify 

 

8
 Other emissions that are not energy-related are currently not part o f the e3.kz model. However, an expansion to other GHG emissions is possi-

ble as long as the underlying processes (e. g. methane emissions in agriculture) are mapped in the model. 

The e3.kz model  is fully developed in Microsoft Excel  using the model building framework 

DIOM-X. The framework is built upon the Excel built-in programming language Visual Basic for 

Applications  (VBA) and was developed for creating Dynamic Input-Output Models in Excel 

(Großmann, Hohmann 2019). Model users conduct scenario analysis by adjusting the values of 

model variables in one Excel worksheet. Thus, there is no need to learn programming.  

The full model database, model equations and results are stored in a single Excel workbook  

to ensure that all aspects of the model can be examined, adjusted and extended.  
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and prioritize those criteria (e. g. GDP or employment effects) that are most important for them to finally 

select the better or best policy option(s).  

All alternative scenarios are calculated for future years, so that differences between the reference sce-

nario only occur afterwards. The results of the alternative scenarios are presented as differences from 

the reference scenario (time-related relative and absolute as well as intertemporal, Figure 4). In addition, 

the development of selected variables is shown according to the focus of the analysis. The differences 

between the scenarios can then be attributed to the different assumptions in the scenarios and the 

triggered reactions in the model. 

 

Figure 4: Comparative scenario analysis   

Source: GWS. 

  

The reference scenario  extrapolates the economic relationships observed in the past into the 

future. It is not a precise forecast  of the future. Instead, it serves as a benchmark for other sce-

nario analyses. The reference scenario does not include explicit consideration of climate 

change and adaptation .  

Climate change  scenarios explicitly contain  the economic damages and losses caused by 

climate change  (e. g. droughts, or heat waves). Model results  show the economy-wide impacts 

by comparing the reference  and climate change scenario . 

Adaptation scenarios  are built upon the climate change  scenarios and consider the costs and 

benefits of suitable adaptation measures  to reduce the risks of climate change. Model results 

show the economy-wide impacts of adaptation by comparing the climate change scenario and 

adaptation scena rio .  
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2.3.2 HOW TO CONDUCT SCENARIO ANALYSIS ² THE CASE OF CLIMATE 

CHANGE AND ADAPTATION SCENARIOS 

The e3.kz model is applied to simulate the economic effects of different climate change scenarios and 

adaptation measures in Kazakhstan. The modeling approach has the advantage to provide an integrated 

analysis by considering the 3 E®s. The model describes the interrelations of the economy and the main 

connections to the environment, i. e. the use of energy resources and CO2 emissions into the environ-

ment. Thus, possible synergies or trade-offs of adaptation scenarios with other strategies such as miti-

gation can be explored.  

The analysis of climate change adaptation starts with the development of climate change scenarios 

including the frequency (e. g. every ten years) of e. g. a heat wave and its economic damages (e. g. 

reduced labor productivity ). These scenarios are based on the reference scenario which reflects the 

continuation of the economy and also expectations about the future economic development as given in 

the BAU scenario by the £Low emission development strategies¯ (LEDS)-project without considering 

climate change. The effects of climate change are not very apparent in current and historical macroe-

conomic data. Either climate change did not cause any observable damage to the economy, was not 

relevant for the economic performance or could not even be detected as an impact from climate change 

because repairing climate change damages may result in positive GDP effects (so called defensive 

spending). In addition, the damage may have been avoided or reduced by adaptation measures.  

Comparing the climate change scenarios with the reference shows the economy-wide impacts of the 

EWEs.  

Afterwards, adaptation scenarios are created including measures that are minimizing or even prevent-

ing climate change impacts. Comparing climate change and corresponding adaptation scenarios reveal 

the economy-wide and sector-specific impacts (in terms of e. g. GDP growth, employment) of preven-

tive measures (Figure 5). 

 

 

Figure 5: Comparison of climate change and adaptation scenarios  

Source: Own illustration 
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The basic steps of building a (climate change and adaptation) scenario are shown at a glance in Figure 

6.  

 

 

Figure 6: Steps of building a scen ario  

Source: Own illustration 

First of all, sources (literature, experts) for the aforementioned information need to be identified (a). 

Then, appropriate model variable(s) need(s) to be selected which are relevant to implement the climate 

change effects (b). These effects that change under climate change often cannot be found one-to-one 

in the data set of model variables of an economic model. Thus, they must be translated into appropriate 

model variables by taking care of model consistency (c). In a next step (d), the scope of direct change(s) 

is given for the selected variable(s). Each assumption in a scenario needs to be quantified, carefully 

checked and evaluated with expert knowledge (e). The model cannot check the plausibility of an as-

sumption. Implausible assumptions yield implausible results and might even stop model execution 

prematurely if the model fails to solve. In that case, the scenario specification must be revised and the 

scenario buildings steps must be repeated.  

Chapter 5 and 6 describe the application of the scenario technique in combin ation with the model e3.kz 

to evaluate the economic effects of climate change and adaptation on the Kazakh economy.  
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3 CLIMATE CHANGE AND ITS EFFECTS IN KAZAKH-

STAN  

3.1 COUNTRY INFORMATION 

Kazakhstan is a land-locked Central Asian country with a vast territory of 2.7 million square kilometers 

surrounded by the Caspian Sea in the West, the Altay Mountains in the East and the Tian-Shan moun-

tains in the South (Ministry of National Economy 2020a). It borders Russia to the North, China in the 

East and Kyrgyzstan, Uzbekistan and Turkmenistan in the South.  

Total population is steadily increasing since 2003 and reached 18.5 million in 2019 of which 58% is 

living in urban areas (Figure 7). The largest city is Almaty with almost two million inhabitants, followed 

by the capital city Nur-Sultan (formerly known as Astana) and Shymkent city each of them with around 

one million inhabitants (Ministry of National Economy 2020a, p. 8). 

 

Figure 7: Population 1990 -2020 

Source: Own illustration based on Ministry of National Economy, 2020a. 

The declaration of independence in 1991 has been the starting point for societal, political and economic 

transformations in Kazakhstan. In the first years after independence, in the midst of a very steep eco-

nomic decline, initial steps toward democratic liberalization were made. In the mid-1990s economic 

recovery began and has progressed rapidly with the discovery of a giant oil field in 2000.  

Kazakhstan is one of the successful post-Soviet republic countries to make the transition from a cen-

tralized economy to a market-based economy. (Bertelsmann Stiftung, 2020). According to the Heritage 

Foundation Index of Economic Freedom, Kazakhstan is classified as ¯moderately free° (Batsaikhan and 

Dabrowski 2017). Kazakhstan is a member of the Central Asia Regional Economic Cooperation 

(CAREC) program, working since 2001 on improvements in regional economic cooperation, particularly 

in the areas of transport, energy, trade, and economic corridors development (CAREC Program 2021). 
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The existing cooperation with Russia and Belarus was intensified through its further development into 

the Eurasian Economic Union (EAEU) in 2015 (FES 2015).  

The Kazakh economy benefits from the country's natural resources. In particular in the west and south-

west of Kazakhstan important oil and gas fields (Mangystau, Atyrau, Aktobe) exist. An important hard 

coal mining area is located in Karaganda ² in the Middle-East of the country. Furthermore, Kazakhstan 

has reserves of other raw materials such as uranium, copper, iron ore and rare earths.  

Due to the dependence on oil and gas, a diversification of Kazakhstan®s economy is being driven for-

ward (World Bank 2018a). The intensification of value creation through further processing of raw mate-

rials is an attempt to make the country less dependent on world market prices. Important industrial 

centers which produce metals and chemical and plastic products are located in Almaty, Karaganda, 

Shymkent, Pavlodar and Aktobe. Furthermore, in December 2020, Kazakhstan committed itself to be-

come climate neutral by 2060 which is way more ambitious than the ¯Green Economy° concept (Green 

Economy Concept, 2013) 

Since 2000, Kazakhstan experienced strong economic growth, interrupted by the global financial and 

economic crisis in 2008-2009 and a slowdown starting in 2014 (Figure 8). Between 2000 and 2019 

Kazakhstan®s economy grew at an average rate of 6.4%. In 2019, the GDP amounted to KZT 48 trillion, 

which is KZT 2.6 million per capita (COMSTAT 2021a).  

 

Figure 8: Real GDP growth rate (% p.a.) 1996 -2019 

Source: Own illustration based on COMSTAT 2021a  

The economic growth positively impacted social indicators and progress has been made in terms of 

poverty and unemployment reduction. Kazakhstan has developed to an upper-middle-income country 

in 2006 (Asian Development Bank 2018). The poverty rate declined from 55% in 2006 to 20% in 2015 

(World Bank 2018a). Additionally, economic growth was also accompanied by job creation. The unem-

ployment rate declined from 10.4% in 2001 to 4.9% in 2018 (Comstat 2021c). In 2019, Kazakhstan 
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ranked 51st on the Human Development Index ² a composite statistic of life expectancy, education and 

income indices ² with a value of 0,825 (UNDP 2020b). 

More than 50% of GDP is attributed to consumption of private households and non-profit institution 

serving households (NPISH, Figure 9). Gross capital formation has a GDP share of 28%. Exports of 

goods and services amount to 37% whereas crude oil exports contribute to around 50 %. Total imports 

including imported intermediate products as well as final goods amount to 28%, thus foreign trade bal-

ance accounts for 9%. Kazakhstan is dependent on imports, especially from manufactured products. 

According to the IO table (2018) 9, for example, 85% of total demand in electrical equipment are im-

ported and 91% of machinery. 

 

Figure 9: Structure of GDP by expenditures, 2019  

Source: Own illustration based on COMSTAT 2021b 

Key economic sectors in Kazakhstan are trade (17%), mining and quarrying (14.4%) and manufacturing 

(11.5%) as shown in Figure 10. Other services account for around 31% of which transportation / storage 

and real estate account for 8% each. Agriculture contributes with 4.5% to GDP. According to the strat-

egy document ¯Kazakhstan 2050°, agriculture is one of the key sectors to develop and diversify the 

national economy (OECD 2020, ADB 2018). 

 

9
 https://old.stat.gov.kz/getImg?id=ESTAT289858 
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Figure 10: Structure of GDP by economic sectors, 2019  

Source: Own illustration based on COMSTAT 2020 

With its location in the center of the Eurasian continent, transport and logistic services as well as trade 

infrastructure are important for the country. Apart from the gas and oil pipeline network, road infrastruc-

ture is the most dominant accounting for 88%. Rail network accounts for 9% and waterways at 3% are 

less relevant. Rail transport dominates freight transit. 

Kazakhstan is part of the Belt and Road Initiative, also known as the New Silk Road, proposed by China 

to improve cooperation on a transcontinental scale. A World Bank analysis shows that the Belt Road 

Initiative and its transport corridors has the potential to substantially improve trade, foreign investment, 

and living conditions for citizens in the initiative®s participating countries (World Bank 2019). 

Figure 11 shows the development of employment by economic activity from 2001 to 2019. During this 

period, the total number of employed persons increased from 6.7 million to 8.8 million. In 2001, the 

most important economic sector in terms of employed persons was agriculture with a share of 35%, 

while in 2019 the trade sector with 16% was predominant followed by agriculture with 13 %. Also, a 

relevant number of persons is employed in the service sectors (43%, of which education accounts for 

13%), trade (16%) as well as transportation / storage, manufacturing and construction (each sector 

accounts for 7% in 2019).  
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Figure 11: Employment by economic activity, 2001 and 2019  

Source: Own illustration based on COMSTAT 2021d  

The energy sector (incl. mining and energy supply) employs about 5% although the GDP share is 

around 16% (COMSTAT 2020). In contrast, the agricultural sector accounts for only around 5% of GDP 

but is a major employer. In 2019, around 1.2 million people (or 13% of total employment), were em-

ployed in this sector. The largest segment with a share of 50% is wheat production for which more than 

70% of the cropland is used for. Wheat production mainly takes place in northern Kazakhstan. The large 

share of the cropland is cultivated by either agro-holdings, large farms or small and medium ones. Less 

than one percent of the cropland is cultivated by around 1,000 family-owned, subsistence farms. Live-

stock and vegetable farming in the rest of the country is dominated by small farms. Farm livestock 

includes cattle, sheep and goat, horses, camels and pigs, the leading segments are sheep and cattle 

breeding. Wheat production not only contributes to food security in Kazakhstan, it also makes up the 

majority of agricultural exports (UNDP 2019).  
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3.2 CLIMATIC CONDITIONS AND THREATS 

3.2.1 OVERVIEW AND PAST TRENDS 

Kazakhstan is characterized by a continental climate with hot summers, harsh winters and limited pre-

cipitation. Given the size and topography of the county, temperatures and precipitation vary greatly 

from region to region. In the West, the Caspian Sea forms the natural border. Further East is the Caspian 

depression, the lowlands of Turan and the Kazakh lowlands, which gradually turn into the Kazakh hill 

country. High mountains are located in the East and Southeast of the country reaching altitudes of 

7,000 meters. However, the territory is predominated by flatland or rolling terrain (World Bank 2021).  

The majority of the country is located at arid natural zones such as deserts, semi-deserts and dry steppe. 

Humid and forest-steppe is located only in the North (Ministry of Energy of the Republic of Kazakhstan 

2017). 

Climate regimes ranging from arid deserts in the central and western regions to mountains in the South, 

East and South-east with highest precipitation in the country. In the North, the winter is long and cold 

with average temperatures of -20°C sometimes peaking at -52 C and in the summer the average tem-

perature is 18°C. In the South, summer is very warm with average temperatures of 20°C and mild -5°C 

in winter. Central and Western Kazakhstan show long hot summers and cold winters (USAID 2017, 

World Bank 2021). 

The average annual air temperature increased gradually in the last decades by 0.28°C every ten years 

with the most rapid warming in winter (World Bank, 2021) which leads to rapid glacial melt of the Tien 

Shan glacier by 14-30% since 1950 (USAID 2017). Furthermore, an increase in the number of hot days 

with air temperatures above 25°C as well as an increase in the duration of heat waves has been ob-

served especially in the Western and Southern regions. Droughts occur in two out of five years. Every 

five to seven years the droughts are severe (World Bank 2015, FAO 2017). The latest drought was in 

2021 in Southern and Westerns regions of Kazakhstan with record temperatures up to 46.5°C leading 

to rapid runoff of rivers and reservoirs (IFRC 2021).The risk of forest fires and the spread of diseases is 

amplified by heat waves and droughts.  

Past countrywide precipitation is low throughout the year and does not show a definite trend in the 

variability on an annual average. The combination of increased temperatures, low precipitation and 

intensive water use for agriculture is causing the Aral Sea to continue to dry out. A tendency to in-

creased precipitation except during the autumn season is observed (Ministry of Energy of the Republic 

of Kazakhstan 2017).  

However, the highly seasonal pattern of precipitation and high mountains make the country vulnerable 

to floods, mudflows and landslides. Floods occur mainly in the mountainous regions of Southern and 

Eastern Kazakhstan, and sometimes also in lowland rivers in Western, Northern and Central Kazakhstan 

(MNE et al. 2017, USAID 2018, floodlist10). Flooding occurs, for example, in the form of flash floods and 

river flooding which is caused in particular by intense and persistent rainfall, as well as by rapid melting 

of snow and glaciers (e. g. Tien Shen) and breaching of glacial lakes (UNESCAP n. d.). Floods caused 

by wind are common in the Ural river delta and the coastal zone of the Caspian Sea with wind surges 

of sea water (Plekhanov et al. 2019, UNESCAP n. d.).  

 

10
 http://floodlist.com/tag/kazakhstan 
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Flooding is also partly caused by dams breaking due to the masses of water and poor condition (e. g. 

2010 Kyzyl-Agash Dam failure, 2011 Jumabek dam failure11 und 2014 dam failure in Kokpekty (UNES-

CAP n. d., p. 17, OECD 2019a). As Kazakhstan has many transboundary rivers (OECD 2019a, p. 29), 

dam failures in neighboring countries also have immense consequences in Kazakhstan, e. g. the Sar-

doba dam collapse in 2020 in Uzbekistan12. 

In 2015, there were about twice as many hydrometeorological emergencies in particular heavy precip-

itation, floods and mudslides as usual (MNE et al. 2017). Mudflows are a typical consequence from 

heavy rain (75%) and by 22% from moraine lake outbreaches (Dochshanova 2016). The most recent 

mudflow in Almaty occurred in 2015. In 2019, the dam prevented the city from mudflow damages13. 

Other EWEs associated with climate change to which Kazakhstan is exposed are droughts, heatwaves 

and storms. As shown in Table 2, heavy rain events, storms, and blizzards are the most frequent EWEs 

for the period 1990 to 2015.  

Table 2: Average annual number of EWEs in Kazakhstan  

 

Source: Kozhakhmetov and Nikiforova 2016 

In the period 1967 to 2015, most EWEs occurred in South, Southeast and Northern Kazakhstan (Figure 

12). While the West and South of Kazakhstan are more exposed to droughts, the lowland rivers in West-

ern, Northern and Central Kazakhstan as well as the mountainous regions in the South-East and the 

South experienced more floods (UNESCAP 2021b). Mudflows threaten around 13% of the country®s 

area, in particular the Southeast where over 26% of Kazakh population is living including the city of 

Almaty. During the last 150 years, around 800 mudflows have been registered (UNDP 2011). 

 

 

11 https://en.tengrinews.kz/disasters/thousands-evacuated-from-flood-areas-in-kazakstan-259812/ (last accessed, 13.3.2021) 

12https://www.thethirdpole.net/en/regional-cooperation/uzbekistan-dam-collapse/ 

https://reliefweb.int/sites/reliefweb.int/files/resources/Kazakhstan%20-%20Floods%20-%20Emergency%20Plan%20of%20Ac-

tion%20%28EPoA%29%20DREF%20Operation%20n%C2%B0%20MDRKZ009.pdf 

13 https://astanatimes.com/2019/08/almaty-emergency-department-manages-mudflow-alarm-in-nauryzbay-district/  (last accessed at 2021, Sep-

tember, 21st) 

https://en.tengrinews.kz/disasters/thousands-evacuated-from-flood-areas-in-kazakstan-259812/
https://reliefweb.int/sites/reliefweb.int/files/resources/Kazakhstan%20-%20Floods%20-%20Emergency%20Plan%20of%20Action%20%28EPoA%29%20DREF%20Operation%20n%C2%B0%20MDRKZ009.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/Kazakhstan%20-%20Floods%20-%20Emergency%20Plan%20of%20Action%20%28EPoA%29%20DREF%20Operation%20n%C2%B0%20MDRKZ009.pdf
https://astanatimes.com/2019/08/almaty-emergency-department-manages-mudflow-alarm-in-nauryzbay-district/
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Figure 12: Number  of EWEs in Kazakhstan  by regions , 1967-2015 

Source: Kozhakhmetov and Nikiforova 2016 

 

3.2.2 CLIMATE PROJECTIONS 

Climate projections expect increasing average air temperatures in the range of 2.1 to 2.6°C by 2050 

(2.7 to 4.7 °C by 2085), an expansion of the drought zones in the North and Center as well as longer 

heatwaves. Furthermore, an increase in average annual precipitation until 2050 is anticipated by 0.8% 

to 15% depending on the region and season, despite a decrease in the summer period. Due to climate 

trends, an increase in EWEs is expected to exacerbate such as heat waves, landslides and mudflows 

(Ministry of Energy of the Republic of Kazakhstan 2017, p. 151, GERICS 2018, USAID 2017). The 

warmer and drier climate promotes the spread of deserts and semi-deserts and increases the risk of 

droughts and wildfires. At the same time, cold days in winter decrease (MNE et al 2016, p. 4). Glaciers 

will continue to melt and further increase the risk of river floods, mudflows and landslides. Sea level of 

the Caspian Sea may rise, but projections are rather uncertain (UNDP et al. 2002, pp.118, GERICS 

2018, p. 8). 
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Figure 13: Impacts of climate change  

Source: Zoi 2016 

The University of the Balearic Islands (UIB) provides time series data for significant areas, cities or 

infrastructures, illustrating the evolution of climate hazard indicators in Kazakhstan for the RCP14 8.5 

scenario and the RCP 2.6 scenario. The evolution is indicated by either the number of days or events 

per year. For each period, the evolution is estimated as the difference between the average over the 

period (2011-2040, 2041-2070) and the historical average (1976-2005). The following hazards are cov-

ered:  

¶ Droughts, 

¶ Heat waves,  

¶ Extreme precipitation,  

¶ Extreme temperature, 

¶ Wildfires and 

¶ Extreme wind. 

A detailed description of the definition and estimation of climate hazard indicators is given in the report 

by Navarro and Jordà 2021. 

 

14
 The Representative Concentration Pathways (RCP) 8.5 (2.6) is the most pessimistic (optimistic) scenario assuming a global temperature in-

crease of +4.8°C (+2°C) compared to the preindustrial level. The evolution of the number of EWE under the RCP 4.5 could not be provided 

by UIB. For analyzing economic impacts of climate change and adaptation only the RCP 4.5 and 8.5 are meaningful. For the RCP 2.6 evaluat-

ing adaptation measures are redundant due to comparable small damages from  climate change events. Thus, the number of climate change 

events for the RCP 4.5 are simply calculated as a mean value of the RCP 8.5 and RCP 2.6 
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Figure 14: Evolution of extreme precipitation in Kazakhstan for RCP 2.6 and 8.5 until 2100  

Source: Navarro and Jordà 2021 

Figure 14 exemplarily shows the percentage change of extreme precipitation events in future periods 

compared to the historical period (1976 -2005). Maps in the left (right) column show the results for the 

RCP 8.5 (2.6) for different time periods. The EWE are increasing over time, for example in North Ka-

zakhstan and South-East Kazakhstan. In particular East and South-East Kazakhstan are affected by ex-

treme precipitation already in the historical period ( Figure 15). 
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Figure 15: Extreme precipitation (99 th percentile of accumulated precipitation) for the historical period  

Source: Navarro and Jordà 2021 

For each of the six EWEs, such maps were produced by UIB. The resolution (25 x 25 km grids) of the 

climate model is much higher than what the e3.kz model is able to use. Thus, for selected nine vulner-

able areas and locations (Figure 16), yearly time series are provided for all six climate indicators reflect-

ing the evolution of the frequency. The selection was made on the basis of the existing infrastructure, 

important economic sectors or metropolitan areas which is (or is expected to be) impacted from climate 

change. For example, drought is a major risk for the agricultural sector, in particular the rain-fed crop 

production in North -Kazakhstan. Also local hydro power plants (e. g. Oskemen) might be affected from 

droughts. Floods occur mostly in South- and East-Kazakhstan threatening large cities like Almaty, de-

stroying infrastructure and impairing logistics.  
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Figure 16: Selected locations for climate indicators  

Source: Navarro and Jordà 2021 

Table 3 contains the average annual growth rates of the number of events per year for selected loca-

tions in Kazakhstan for the scenario RCP 8.5. The evolution of the frequency of country specific climate 

hazards serves as link between the benchmark damages (see section 3.2.3) and climatic developments. 

Adjustments will be made to the benchmarks in scenarios by assuming that, for example, an average 

increase of extreme precipitation by 0.4% will also increase the benchmark damages likewise. The 

combination of the future evolution of climate change events and observed climate change damages 

results in a time series of damages for the respective EWE.  

Table 3: Average annual growth rates of the number of events per year by selected locations , RCP 8.5, 

2021-2050 

 

Source: Navarro and Jordà 2021. 

Almaty Nur_Sultan Oskemen Central_reg East_reg North_reg West_reg South_reg North2_reg Kazakhstan

2021-2030 4.3% 0.7% 0.0% 1.3% 0.0% 0.2% 4.6% 1.3% -0.7% 1.3%

2031-2040 3.4% 1.7% 25.3% 1.3% 0.0% 1.0% 4.1% 1.9% -0.6% 2.0%

2041-2050 2.9% 2.3% 9.0% 1.3% 0.0% 1.7% 3.6% 2.2% -0.6% 2.3%

2021-2030 4.4% 3.8% 4.1% 3.9% 4.9% 3.9% 3.8% 3.7% 3.6% 4.0%

2031-2040 3.7% 3.5% 3.5% 3.3% 4.1% 3.5% 3.4% 3.2% 3.4% 3.5%

2041-2050 3.2% 3.1% 3.0% 2.9% 3.5% 3.0% 3.0% 2.9% 3.1% 3.1%

2021-2030 3.2% 3.1% 3.0% 3.1% 3.3% 3.1% 3.0% 3.3% 3.1% 3.1%

2031-2040 3.0% 2.9% 2.8% 2.9% 3.1% 2.9% 2.8% 3.1% 3.1% 3.0%

2041-2050 2.7% 2.7% 2.6% 2.7% 2.8% 2.7% 2.6% 2.9% 2.9% 2.7%

2021-2030 0.0% -0.1% -0.1% 0.0% -0.1% -0.1% 0.1% -0.4% -0.3% -0.1%

2031-2040 0.0% 0.0% -0.1% 0.0% -0.1% 0.0% 0.1% -0.4% -0.2% -0.1%

2041-2050 0.0% 0.0% -0.2% -0.1% -0.1% 0.0% 0.1% -0.4% -0.1% -0.1%

2021-2030 0.4% 0.3% 0.3% 0.4% 0.4% 0.4% 0.3% 0.4% 0.5% 0.4%

2031-2040 0.4% 0.4% 0.3% 0.4% 0.4% 0.4% 0.2% 0.4% 0.4% 0.4%

2041-2050 0.4% 0.4% 0.3% 0.4% 0.5% 0.4% 0.1% 0.5% 0.4% 0.4%

2021-2030 0.2% 0.0% 0.0% 3.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1%

2031-2040 -0.1% 0.0% 0.0% 3.0% -0.1% 0.0% 0.0% 0.0% 0.0% 0.0%

2041-2050 -0.3% 0.0% 0.0% 2.8% -0.2% 0.0% 0.0% 0.0% 0.0% -0.1%

Wild Fire

Extreme 
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tion

RCP 8.5 -  (high scenario: global temperature increase of +4.8 °C)
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According to the RCP 8.5 scenario, in particular the number of heat waves, extreme temperature and 

drought events will exacerbate. Annual growth rates of heat wave events in Kazakhstan are specified 

with 3 to 4%, extreme temperature events with approximately 3% and droughts with 1.3 to 2.3% (Table 

3). While the number of heat waves and extreme temperature events is expected to develop similar in 

the selected areas, drought events will occur more often in Almaty, Oeskemen and the Western region. 

In the case of extreme precipitation events, an annual increase of 0.4% is expected. The number of 

extreme wind and wildfire events is likely to remain more or less at the current level. 

3.2.3 SECTOR IMPACTS 

K̄azakhstan is very vulnerable to various effects of climate change° stated the President of the Republic 

of Kazakhstan Mr. Tokayev at the General Debate of the 75th session of the UN General Assembly.  

As presented in the previous section, climate change is likely to 

exacerbate with more frequent and more intense EWEs. Thus, 

the economic impacts are likely to amplify and will cause higher 

costs, affect key economic processes and endangers jobs, 

wealth and life of Kazakh people. The most vulnerable sectors 

are agriculture, forestry, industry and transport as well as water 

and health (USAID 2017). The climate impacts for the economic 

sectors are manifold and differ with respect to the kind of dam-

age. Table 4: Potential climate change impacts on economic 

sectors Table 4 provides an overview.  

Climate change is a global phenomenon. Economic im-

pacts of climate change are therefore not only to be ex-

pected from climate events in Kazakhstan, but also from other countries struggl ing with climate change. 

Transboundary impacts can be expected, for example, when international transport routes or value 

chains are disrupted.    

 

  

Source: USAID 2017 
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Table 4: Potential climate change impacts on economic sectors  

 

Climate 

change pattern 

and EWE 

Agriculture Energy 

Infrastructure 

(transport, buildings, 

industry) 

Health 

Changing av-

erage and ex-

treme temper-

ature 

· Wheat yield re-

duction due to 

crop land deg-

radation related 

to heat stress 

· Reduced pas-

ture productivity 

related to heat 

stress 

· Increased sun-

flower yields 

· Reduced thermal 

power generation 

capacity due to in-

sufficient cooling 

water 

· Reduced hydro-

power generation 

capacity 

· Increased demand 

for cooling in sum-

mer, reduced de-

mand for heating 

in winter 

· Reduced effi-

ciency of solar 

panels 

· Reduced effi-

ciency of trans-

mission lines 

· Economic losses 

due to power out-

ages 

· Melting road sur-

faces 

· Buckling of railway 

lines 

· Damages to roads 

due to melting of 

seasonal ground 

frost  

· Expansion of 

bridge joints 

· Impaired shipping  

· Vector-borne in-

fectious diseases 

· Health hazards 

caused by heat-

waves 

· Changes in fitness 

and activity level 

· Increased demand 

for health care ser-

vices 

· Increased morbid-

ity and mortality 

Changing pre-

cipitation pat-

terns and ex-

treme precipi-

tation, floods, 

mudflows, 

landslide 

· Wheat yield re-

duction due to 

crop land deg-

radation related 

to reduced soil 

moisture 

· Reduced pas-

ture productivity  

· Damaged crops 

and livestock 

due to floods 

 

· Damages to the 

physical infra-

structure (e. g. 

transmission lines, 

power plants, coal 

mines, pipelines, 

offshore plat-

forms) causing 

disruption of en-

ergy supply  

· Reduced hydro-

power generation 

capacity 

· Reduced effi-

ciency of trans-

mission lines 

· Economic losses 

due to power out-

ages 

· Wash out of road 

surfaces 

· Damage to rail and 

road infrastructure  

Disruption of 

transport due to 

flooding of roads, 

railways, tunnels 

etc. 

· Impaired shipping 

· Degraded water 

quality 

· Water-borne dis-

ease outbreaks 

· Decrease in ser-

vice reliability 

· Increased mortal-

ity and morbidity 

related to EWEs, 

especially mud-

flows 

Droughts · Increased wheat 

yield variability 

· Increased inci-

dence of pests 

and diseases 

(Hessian fly and 

wheat rust) 

· Reduced hydro-

power generation 

capacity 

· Impaired shipping · Expansion of infec-

tious disease vec-

tors (ticks and 

mites) 

· Degraded water 

quality causing 

gastrointestinal 

disease  

Extreme wind · Soil degradation · Damage to physi-

cal infrastructure 

e.g. wind farms, 

distribution net-

works 

· Damage to assets 

such as bridges, 

buildings, produc-

tion facilities 

· Disruption to ports 

and airports 

· Accidents 

· Deaths and inju-

ries 

· Decrease in ser-

vice reliability 
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Climate 

change pattern 

and EWE 

Agriculture Energy 

Infrastructure 

(transport, buildings, 

industry) 

Health 

· Economic losses 

due to power out-

ages 

Wild fire 
· Destroyed har-

vest 

· Damages to the 

physical infra-

structure 

· Damages to the 

physical infrastruc-

ture 

· Deaths and inju-

ries 

Sources: Based on OECD (2018), UNESCAP (2021a), USAID (2012, 2017), World Bank (2011).  

 

Agriculture  

Agriculture  is one of the economic sectors most vulnerable to climate change. Drought has been iden-

tified as a very significant risk especially for the rain-fed wheat production (World Bank, 2015, 2016; 

MNE et al., 2017). In combination with low precipitation in summertime and extreme temperatures, 

water can be scarce and desertification in flatland areas in Western, Northern, and Central Kazakhstan 

speeds up. The most important regions for wheat ² Akmola, Kostanay ² have the highest World Bank 

damage category.(2016). 

Main challenges associated with these climate change impacts are soil degradation and desertification. 

Other consequences are reduced soil moisture and salinity, desertification, increased incidences of 

pests and diseases, all affecting and amplifying the yield variability. 

Livestock farming is more prevalent in the South and suffers from the reduced availability of pasture 

during summer and autumn as well as lower livestock productivity as a result of increased temperature 

and reduced water availability (World Bank 2021). Depending on the season, grassland vegetation 

productivity is expected to increase in spring due to precipitation increase by 10-40% but may decrease 

in the second vegetation period by 30-90% (Republic of Kazakhstan 1998). In 2021, a very severe heat 

wave led to a drought, killed animals in Southern and Western regions of Kazakhstan due to food and 

water scarcity (IFRC 2021). 

Furthermore, temperature increase causes glacier melting which amplifies flood risk in Southern and 

Eastern regions in the medium term but threatening water supply by mid -century (USAID 2017). 

These trends are expected to intensify the risk of land degradation and erosion resulting in lower agri-

cultural productivity in Kazakhstan. The vulnerability of national development, food security and natural 

environment is exacerbating by climate change. 

 

Energy  

Climate change also impacts the energy  sector  in many ways15. Energy production can be impaired 

due to insufficient cooling and low water levels caused by higher evaporation with increasing tempera-

ture, heatwaves and limited precipitation during droughts 16. Hydropower accounts for approximately 

10% of Kazakhstan®s electricity production with major plants in Oskemen (Bukhtarma, Shulbinsk) which 

is planned to be expanded by 15-20% by 2050. A major issue is that 50% of the hydropower plants are 

 

15
 The World Bank (2011) gives an overview of possible impacts for this sector from a global perspective. 

16
 https://climateknowledgeportal.worldbank.org/country/kazakhstan/climate-sector-energy 
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located in areas with high or extremely high water stress (Karatayev et al. 2017). During the drought 

year 1998, according to the IEA energy balance of that year, a drop of 20% in the hydro power gener-

ation potential could be observed in Kazakhstan. This is in line with international studies, which estimate 

that the hydropower potential will reduce by 25% in European countries and even worse in Southern 

Spain with up to 49% (Wang et al. 2020). 

Temporarily, the glacial melt has a positive effect for hydro power stations which are fed by glacier 

water as the one close to Almaty but in the long run climate change impacts water supply negatively. 

Hydro power potential is also jeopardized by increased withdrawals by neighboring countries along 

transboundary rivers which are threatened by climate change as well (MNE et al 2017, pp. 184, USAID 

2017). Additionally, the extraction of fossil fuels has high demand for water and might be impaired with 

increasing water scarcity (Karatayev et al. 2017). 

Furthermore, higher temperatures in summer increase the energy demand for cooling by 0.5 to 8.5% if 

temperature increases by one degree. On the other hand, heating demand in wintertime may decrease 

(World Bank 2021). In particular, the impacts of temperature rise and heat stress is amplified by the 

Urban Heat Island17 effect in major cities. Research shows that labor productivity in the service sector 

and outdoor work (agriculture and construction) suffers from hot temperatures in summer (ILO 2019).  

The energy infrastructure is particularly vulnerable to destructive EWEs, such as storms, floods and 

landslides, which are expected to occur more frequently. Heavy rain can cause the ground to shift and 

swell resulting in landslides which damage pipelines and create leaks. According to UNESCAP, 43% of 

the energy infrastructure is located in high and extremely high flood risk areas. 

The water level of the Caspian Sea as an inland water body is dependent on the inflow of rivers and 

evaporation. The forecast is subject to many uncertainties (GERICS 2018). However, some scientists 

project a sea level rise due to increasing precipitation in the contributing Volga Basin, which may have 

consequences on near-shore oil facilities and off-loading of oil at terminals in Kazakhstan, or other im-

pacts (World Bank 2015). 

Especially, the extensive, partly obsolete energy transmission and distribution infrastructure ² pipelines, 

power lines, transformer station etc. ² is endangered (UNECE 2019a). For example, in 2015, a flood 

and mudflow caused extensive damage to powerlines in Almaty (USAID 2017). Heat and high humidity 

also have a negative impact on transmission capacity (EEA 2019). In Kazakhstan, significant power 

losses occur due to unfavorable weather and poorly insulated power lines known as corona discharge 

and joule heating (KEGOC 2018). On top of the additional cost of repairing the damage, energy pro-

ducers will lose revenue from the amount of electricity not being sold . 

Due to the high importance of the energy system as a key economic sector, the national development 

and energy security is affected. Damages directly occurred in the energy sector cause indirect losses 

in other industries due to the disruption of energy supply (OECD 2018).  

In the energy and agriculture sector water  resources  play an important role either for irrigation or for 

power generation (USAID, 2017). Glacier melting contributes to river flows in particular during summer. 

Accelerated melting of glaciers in the medium term leads to altered river flows and flooding risks.  By 

mid-century, glacial loss will cause water scarcity. Furthermore, increasing temperatures pose a threat 

 

17
 The Urban Heat Island phenomenon refers to the difference in temperature between the warmer city and the cooler rural surroundings, which 

is particularly large during a cloudless and windless night (DWD 2021). Higher temperature in the cities can be caused by dark surfaces, heat 

sources in residential and industrial areas, a lack of vegetation and air pollution (World Bank 2021). 
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to surface waters, which may warm and dry out (USAID 2017). The consequences can already be seen 

in the shrinking of the Aral Sea. Lake Balkhash is also at risk (World Bank 2021). 

Health  

The expected climate trends are likely to amplify health  issues and thus increase the demand of health 

care services. Heat-related mortality and morbidity may increase as well as changes in the incidence of 

diseases transmitted by insects or changes in water and air quality. In particular in highly populated 

areas, the urban heat island effect poses a risk to humans (World Bank 2021). More injuries and fatalities 

may occur in combination with more frequent and destruct ive floods. 

 

Infrastructure  

A well-functioning infrastructure  (e. g. transport, building, water) is an important foundation for eco-

nomic and social development. For example, transport is an important economic sector not only rele-

vant for domestic transportation. Kazakhstan has a good strategic position as a transit country connect-

ing Europa and China (EBRD 2015-2020) and plans to develop the New Silk Road.  

The infrastructure is highly susceptible to increasing temperature, precipitation and EWEs even more if 

the condition of roads, railways, buildings etc. is not satisfactory. Increasing temperature may ¯lead to 

road surface deterioration, cause expansion of bridge joints and paved surfaces, and buckling of rail-

ways tracks° (UNESCAP 2021a) causing costs for reconstruction  and reduced speed of transportation. 

In buildings heat stress may impact labor productivity and well-being of humans (ILO 2019).  

Accelerated glacier melt and extreme precipitation are causing floods, mudflow or landslides physically 

damaging the infrastructure. Increased soil moisture may impact the structural integrity of roads, 

bridges and tunnels. Extreme precipitation and floods could wash out road surfaces, damage bridges 

and railway tracks (UNESCAP 2021a). Moreover, floods damage the interior furnishings or, in the worst 

case, can wash away the entire house. Extreme wind events may blow off roofs, cause trees to fall and 

flying objects cause damage to power lines, information and communications technologies (ICT) infra-

structure as well as gas and water supply systems. Dust storms, which additionally reduce the visibility, 

may increase the risk of traffic accidents and contribute  to land degradation.  

 

3.3 OVERVIEW OF MONETARY DAMAGES ASSOCIATED WITH PAST 

CLIMATE EVENTS  

The previous section 3.2 has provided an initial overview of past climatic threats and their impacts in 

Kazakhstan and how climate may evolve in the future. In order to better understand the modeling stud-

ies on the economic effects of climate change and adaptation measures carried out in the remainder of 

this report, this section provides a synopsis of past climate change events and their monetized damages 

which gives an initial indication of future economic risks of climate change.  
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It is important to mention, that there are no official methods to estimate climate event-related damages 

in Kazakhstan so far. Government authorities do not possess full and accurate damage data. Damage 

estimates are done randomly and by various sources which are neither consistent nor accurate. (UN-

ESCAP n. d., p. 18). According to the World Bank 18, in particular, there is ¯lack of data on material 

damage (in monetary terms) caused to economic sectors by extreme weather events.°  A first indication 

of the socio-economic impacts gives Figure 17. Based on the data from the EM-DAT database, in the 

last 25 years, 22 major events occurred. During a wildfire event and a cold spell in 1997, the highest 

number of people were affected. The greatest economic damage was caused by a riverine flooding in 

South Kazakhstan in 2008 (130 million USD) and in April 2011 in West-Kazakhstan (67 million USD). 

Major damages are typically caused by floods. 

The range of economic losses varies depending on the infrastructure affected, the type and extent of 

the EWE. The extent to which the population is affected depends on the regional population density 

and the possibility of averting danger. As Figure 16 shows, the impact on population and economy 

does not necessarily correlate. People can get into safety as long as they are informed whereas infra-

structure is not movable and the construction of protective measures takes time. 

 

 

18 https://climateknowledgeportal.worldbank.org/country/kazakhstan/adaptation (last accessed on September 19th, 2021) 

The recording of climate damage has so far been unsystematic and rather patchy . It is there-

fore partly unknown who suffers from the consequences of climate change and how high the total 

amount of damage is. It can be presumed that the damage incurred to date is even higher . 

Consequently, it is even more important to step up adaptation efforts to reduce future damage. 

The establishment of a  climate damage register  may help to resolve current issues. 

https://climateknowledgeportal.worldbank.org/country/kazakhstan/adaptation
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Figure 17: Major disasters and their impacts (top figure: population affected, bottom figure: damages in 

million USD) in Kazakhstan since 1993 -2017.  

Source: OCED 2019. 

Various sources of information were contacted in course of the CRED project to get an overview of the 

costs in the form of monetary damages and benefits for the last 20 years. However, not all impacts are 

recorded and are not always sector-specific. Losses (or indirect damages) which may occur due to e. g. 

power outages or by using other modes of transport and / or routes are usually not quantified. 

Main sources of information are amongst others state agencies e. g. Kazhydromet and the Committee 

of Emergency Situations of the Ministry of Internal Affairs, national and international scientific literature 

and public media coverage19 (e. g. Broka et al. 2016, Ministry of Energy et al. 2017, OECD 2019a, Re-

liefweb20). The Ministry of Agriculture and sub-national level authorities in the regions were contacted 

to collect data on droughts.  

The desk research ² conducted together with local experts ² summarizes the following information for 

selected climate events e. g. extreme precipitation, extreme wind, drought and heatwave (for an excerpt 

please refer to Appendix 2 and Appendix 1): 

¶ Date / year of the climate event  

¶ Regional occurrence 

¶ Nature of damage (e. g. destroyed buildings, yield loss) 

¶ Quantified / monetized damage (in specified currency (KZT or USD) or percent) 

¶ Losses (e. g. increases in travel time and higher operating costs incurred by road users 

when forced to lengthen their journeys because of impassable roads; production losses due 

to power outages) 

¶ Affected economic sector(s) (e. g. agriculture, energy, transport) 

¶ Number of affected people 

 

19
 For example, total.kz reported on the consequences of a drought in Kazakhstan. (https://total.kz/ru/news/gossektor/825_mil-

lionov_tenge__viplacheno_postradavshim_ot_zasuhi_fermeram_kazahstana_date_2021_10_29_19_24_41?fbclid=IwAR2nk-

A2wpp1JyuHep37brPpWJ2VyoNdkphxVxFchP_igfYIn-Ha4Sdr8p8)  
20

 https://reliefweb.int/disasters 
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Table 5 summarizes the monetary damages. As stated above, not all damages are reported. For exam-

ple, in 2000 / 2001 a very severe drought happened but no monetized damage data was available. 

During that drought, precipitation levels reached only 40% to 60% of the normal value and river flows 

dropped to between 35% and 40% below average levels which results in damaged crops not only in 

rain-fed areas (World Bank 2005). Hydropower and fisheries were affected as well. Between 1994 and 

1998, Kazakhstan faced agricultural losses from droughts in five consecutive years (World Bank 2006). 

The most significant droughts occurred in 1998, 2008, 2010 and 2012 with yield losses between 26% 

(2008) and 55% (2012, World Bank and FAO 2019). 

Furthermore, available data must be interpreted with care. Depending on the data source, reported 

damages show in rare cases a big range. For example, the damage of the flood event in 1993 is esti-

mated ranging from KZT 67 million to 30billion. KZT. In some cases, monetary damages cannot be 

clearly assigned to the EWEs. Most severe flooding is caused by a combination of extreme precipitation 

and a sudden rise in temperature that leads to snow melt. Thus, the differentiation of floods caused by 

snow melt and floods caused by extreme precipitation (column two and three in Table 5) cannot be 

separated clearly. 

Table 5: Selection of reported monetary damages in Mio. KZT (numbers rounded)  

Year Snow melt / 

Floods* 

Extreme precipita-

tion** / rainfall flood 

Landslide, 

mudflows, 

slope wash-

out 

Extreme 

Wind*** 

Drought Wildfire 

1991 3 3  0.2  15 

1992 0.2      

1993 ²  67 - 30,000 9 13   

1994 873 72 88 3 n.a. 281 

1995 382 + 51  1,230 34 144 n.a. 260 

1996 55 + 212 374 43 81 n.a. 37 

1997 291 153  93 n.a. 128 

1998 863 3,165 3 732 75,000 36 

1999 200 16 62 19  29 

2000 195 10  18 n.a. 13 

2001 40   3  10 

2002 504 22  10  50 

2003 113  11 209  6 

2004 5   129  22 

2005 35   99  21 

2006    0.5  387 

2007 4 4  3  502 
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2008 15,284  900 n.a. 581 

2009    21  91 

2010 5,400  11 17,000 332 

2011 9,782    5 

2012 440-1,192   153,000 532 

2013 4  464   332 

2014 1,185-2,974   2,500 140 77 

2015 17,600-19,600  501  119 

2016 60-811   29  29 

2017  4,771  511  216 

2018 1,095   57  210 

2019 515   37  564 

2020    24  532 

Total  64,846-100,071 714 6,148 245,140 5,417 

* including groundwater level rise1, sea level fluctiation2 

** including heavy snowfall 

*** including blizzards, wind surge, dust storm, snowstorm, whirlwind, squall wind 

Source: Data compilation by Kazhydromet, Aibat Muzbay, GWS. 

 

Figure 18: Cumulated  reported monetary damages in Bn. KZT, 1991-2020 

Source: own illustration based on data compilation by Kazhydromet, Aibat Muzbay, GWS. 

The greatest economic damage over the past period was caused by droughts totaling to KZT 245 billion 

whereas floods amounted to KZT 65 to 100 billion. With greater distance, wild fire events and heavy 

wind events follow with cumulated damages of KZT approximately 5 billion respectively KZT 6 billion. 
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While Northern Kazakhstan shows higher damage due to droughts, the South reveals more flood dam-

age. 

The highest recorded loss from a single event was from a drought amounting to 153,000 million KZT in 

the year 2012. It is noticeable that for all climate events so-called major events can be detected which 

are significantly more devastating than average events. This includes the heavy precipitation events 

resulting in a flood in 1993, 2008, 2011 and 2015.  

Extreme precipitation is in particular threatening for the economy in South -, East-Kazakhstan but also 

the Central and Northern regions. The recorded damages show a wide range from a few million KZT to 

30 billion KZT. In 1993 and 2008, very severe flooding occurred, which were caused by extreme pre-

cipitation in combination with sudden warming with estimated economic damages of KZT 15,000 to 

30,000 million. In the last ten years, six heavy rain events caused damages between KZT 1,000 to 5,400 

million. 

A very severe extreme wind event occurred in 201 4 causing a damage eight times higher than the 

average damage. Damages of wild fire events ranges between KZT 5 million to 581 million. 

The data analysis not only reveals which climate events are the most devasting but also that economic 

losses and human impacts are greater the more densely populated the area and the more developed 

the infrastructure is. In that sense, it must be taken into account which EWE occurs in which region and 

to what extent. For example, in urban or industrial areas the damage is likely to be higher than in rural 

areas due to the value of assets that can be destroyed. 

In cities such as Almaty, heavy precipitation events are particularly severe because the share of sealed 

surfaces is high and the water absorption of the soil is low. Th® city's sewage system is designed for 

normal rainfall events and cannot absorb unusually huge amounts of water, resulting in backups. A 

similar situation can be observed with frozen soils, which are then unable to absorb the floodwater, at 

least partially.  

Table 6 summarizes the economic sectors impacted from climate change and the kind of direct dam-

ages mentioned in the reviewed literature, public media and data sets provided e. g. by Kazhydromet. 

In particular, agriculture, forestry, construction, water, transport, energy and industry sector are affected 

by climate change. The kind of damage (e. g. damages buildings, destroyed crops) is similar although 

caused by different EWEs. However, the reason for the damage can be different. For example, damages 

to the infrastructure may be caused by too much water or too strong wind. Nevertheless, the extent of 

the damage can differ significantly. 

Agricultural products (crops and animals) can suffer from damages from too much (extreme precipita-

tion and flood) and too little water (drought), heat waves as well as fires. Different kinds of infrastructure 

(e. g. transport, buildings, water) are each affected by extreme wind and extreme precipitation. Heavy 

rain washes out roads and bridges and thus damages their foundations. Extreme heat warms and ex-

pands the material of roads, causing them to blow up. They also cause different types of damage to 

buildings. While extreme wind mainly destroy the roofs and windows through flying objects and fallen 

trees, floods damage the interior furnishings or, in the worst case, can wash away the entire house. The 

damage in the economic sectors is usually described in terms of number, e. g. two bridges are de-

stroyed and 1,000 houses flooded but the damage is not monetized, so only a rough sectoral estimate 

can be made. 
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Table 6: Reported non -monetary damage s of EWEs 

Economic  

sectors  

affected 

Extreme precip-

itation,  floods, 

landslide, mud-

flows 

Extreme Wind Drought Heat wave Wildfire 

Agriculture  Damaged crops  Damaged 

crops 

Damaged crops Burned crops 

Damaged agri-

cultural lands 

    

Killed livestock  Killed live-

stock 

Killed livestock  

Forestry  Damaged logs Knocked down 

trees 

  Burned forest 

areas 

Construction  Damaged build-

ings 

Damaged roofs    

Damaged 

bridges 

    

Destroyed dams     

Industry  Flooded eco-

nomic objects 

Damages pro-

duction sites 

   

Energy  Damage to elec-

tricity supply 

Damage to 

power lines, gas 

pipelines 

Hydro 

power 

plants af-

fected 

Hydro power, com-

bined heat and 

power (CHP) plants 

affected 

 

Water  Damaged pipes     

Destroyed 

sewer network 

and water sup-

ply 

    

ICT Damage to com-

munication in-

frastructure 

Damage to com-

munication in-

frastructure 

   

Transport  Blocked road 

and train traffic 

Blocked road 

and train traffic 

 Bent rails, asphalt 

melting 

 

Damages roads     

Damaged cars Damaged cars    

Source: Own representation based on data compilation by Kazhydromet, Aibat Muzbay, GWS. 

Physical, direct damages may cause further (production and revenue) losses due to disruptions, failures 

and delays in the supply chain (OECD 2018). Floods, mudflows and landslide could interrupt transport 

routes and cause delays in the supply of raw materials. Damage to industrial infrastructure may impede 

production. Costs from power outages could vary considerable depending on affected industries 
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(Figure 19), duration, time and magnitude of the blackout. According to the World Bank enterprise sur-

vey in Kazakhstan (2019), power outages caused losses in sales of 1.7% on average and sector-specific 

losses ranging from 0.5% (fabricated metal products) to 7.7% (other manufacturing, Figure 19). It must 

be noted that the power outages are not distinguished with respect to the cause of the outage. 

 

Figure 19: Average losses in annual sales due to power outages  

Source: World Bank Enterprise survey 2019 

In addition to data on past damages, there are also estimates of future damages, for example for the 

agricultural sector, which also serve as an input for climate change scenarios (section 5.1). With the 

help of detailed bottom-up models, damages and benefits are determined for climate scenarios. For 

example, according to UNDP (2020), wheat yields are estimated to decline by 33% (or 457 billion KZT 

in 2019 prices) of the current potential by 2030 and 12% (608 billion KZT in 2019 prices) by 2050. A 

similar pattern is foreseen for grazing capacity, with livestock productivity reduction of 10 % (or 108 

billion KZT by 2030) to 15% (or 170 billion KZT by 2050) of the current potential. In the most severe 

climate scenario, the decrease could reach 10% to 20%. In contrast, sunflower seed yields are sup-

posed to profit from climate warming which leads to an increase of 8% (almost two billion KZT) by 2030 

and around 4% (almost one billion KTT) by 2050 compared to current gross output . Overall, crop pro-

duction is more vulnerable to risk than livestock (World Bank 2016).  
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4 REFERENCE SCENARIO 

4.1 ASSUMPTIONS 

The reference scenario extrapolates the economic relationships observed in the past into the future. 

Model variables, model parameters and assumptions are carefully selected in order to provide a reliable 

projection and to provide a solid basis for other scenario analyses. Nonetheless, the reference scenario 

is not to be interpreted as a projection in terms of the most realistic development. It serves as a bench-

mark to compare model results of other scenario analyses, i. e. climate change and adaptation scenar-

ios. 

Nevertheless, the reference projection should meet certain expectations and should be comparable to 

other projections for Kazakhstan. Exogenous variables and expectations for the development of the 

population and in the energy sector (including production, consumption, and prices) are aligned as far 

as possible with the Business-as-usual (BAU) results of the LEDS-project. 

Accordingly, no further efforts to decarbonize the Kazakh economy are expected in the reference sce-

nario. Fossil fuels dominate the energy sector and energy efficiency remains low (for more details, 

please refer to DIW Econ 2021). The world market prices for fossil raw materials develop according to 

the World Bank (until 2035), the IEA "Stated Policies" scenario (until 2040; IEA 2020) and the LEDS-

project projections. The production of fossil fuels is important for the development of exports and the 

overall economic development of the country. Until 2035, the production of crude oil and natural gas 

increases according to the projections of the LEDS project. In the following years, they decrease and 

reach in 2050 approximately the level of 2018. Oil exports follow the trend, while gas is increasingly 

consumed domestically, resulting in a steady decline in gas exports. In 2050, these are less than half of 

the 2020 value. 

Adaptation to and mitigation of climate change must be considered in long -term eco-

nomic planning  and the two projects CRED and LEDS support the national partners in this 

respect. CRED aims at supporting respective ministries in developing climate -sensitive  

development plans  and economic development strategies. LEDS has the main objective 

to determine the goals and specific tasks of Kazakhstan®s transition to climate neutrality  

by 2060. 

The models created and applied in the two projects differ  with respect to the research 

questions and thus are based on different modeling approaches, data and scenarios. How-

ever, an exchange on the main assumptions, data and results was initiated. The figure 

shows the data exchange between the e3.kz CRED model and the LEDS models in a nut-

shell. 
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The macroeconomic impacts of the COVID-19 pandemic in 2020 are based on COMSTAT estimates21. 

The subsequent recovery process and the long-term growth path are adapted as much as possible to 

the unpublished LEDS project proceedings 22. 

 

4.2 RESULTS 

4.2.1 ECONOMIC DEVELOPMENT 

During the COVID-19 pandemic in 2020, the steady economic growth since 2000 was interrupted. The 

decline in real GDP growth amounted to just below 2% and was thus not as strong as in other countries. 

Real exports contracted by nearly 12%. To support the Kazakh economy, the government increased 

consumption expenditures by about 31%. Anti-crisis economic recovery measures in 2020 and subse-

quent years include economic support measures through tax relief and suspensions and early invest-

ment plans (UNESCAP 2020). Gross fixed capital formation increased by almost 2%. Despite work re-

strictions and income losses, consumer spending by private households declined by no more than ap-

prox. 3%23. The country®s high dependence on the global economy also leads to declining imports as 

economic growth contracted.  

The expected economic growth and the development of the GDP components following the expenditure 

approach until 2050 ² largely aligned with the LEDS project projection ² are shown in Table 7. The 

economy is expected to continue to grow until 2050, but at a slower rate. In the first projection period 

the average annual growth is 4% (2020-2030), followed by 1% 2030-2040 and 0.5% (2040-2050, Table 

7). On the one hand, export growth is lower than before, especially due to lower oil and gas exports. 

Additionally, following the LEDS assumptions, the impacts of the EU-Carbon Border Adjustment Mech-

anism (CBAM24) are taken into account (DIW Econ 2021). On the other hand, population growth will 

also decelerate by 2050, which will also have an impact on consumer demand and cause growth rates 

to fall over time. 

Investment will initially continue to grow at an average annual rate of 4.5% as the economy continues 

to expand, but at a declining rate, as will GDP. Investments will be made to both maintain and expand 

production capacities. Following the LEDS results of the BAU scenario, from 2030 onwards, investments 

decrease by 3% (0.7%) per year from 2030 to 2040 (2040 to 2050). 

Consumer spending by private households continued the growth trend of the past  starting with an an-

nual average growth of 4.3% (2020 to 2030) and 0.8% in the period of 2040 to 2050 (Table 7). Employ-

ment and the income situation continue to develop positively and support consumption growth. The 

slower population growth compared with the past is having a decelerating effect. 

Government consumption expenditure also shows positive growth between one and two percent per 

year, following GDP growth with a time lag. 

 

21 https://stat.gov.kz/official/industry/11/statistic/7 (GDP by final use, last accessed August 20th, 2021). 
22 GIZ Project ¯Supporting Green Economy in Kazakhstan and Central Asia for a low carbon economic development° 
23 https://stat.gov.kz/official/industry/11/statistic/7 (GDP by final use, last accessed August 20th, 2021). 
24

 ¯The European Union is planning to introduce a carbon border adjustment mechanism (CBAM) starting in 2023, which will put a carbon price 

on certain emission-intensive imports to the EU. Several countries, such as the UK, the USA and Canada are likely to follow. For countries 

with carbon-intensive exports to the EU (and other potential CBAM adopters) ² Kazakhstan is among them ² the introduction of CBAM will 

significantly affect export capabilities and revenues, unless they themselves introduce ambitious carbon pricing.° DIW Econ 2021, p. 13 

https://stat.gov.kz/official/industry/11/statistic/7
https://stat.gov.kz/official/industry/11/statistic/7
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Due to the country®s dependence on imports, these will increase further with positive economic growth. 

The manufacturing sector in particular (machinery, electrical equipment, computers) is highly depend-

ent on imports. 

Table 7: Real GDP and main components (expenditure approach), average annual growth rates  

 2000 ² 

2010 

2010 ² 

2020 

2020 ² 

2030 

2030 ² 

2040  

2040 ² 

2050  

GDP 6.1% 3.9% 4.0% 1.0% 0.5% 

Final consumption expenditure: households 7.2% 5.6% 4.3% 3.7% 0.8% 

Final consumption expenditure: government 6.9% 7.0% 2.1% 2.3% 1.2% 

Gross fixed capital formation 9.9% 5.9% 4.5% -3.0% -0.7% 

Export of goods and services 1.9% -0.2% 3.8% -3.8% 0.2% 

Import of goods and services 2.8% 2.8% 4.0% 0.8% 0.7% 

Source: Until 2020 historical data based on COMSTAT, e3.kz results (2021-2050) 

The real production values for 19 economic sectors are shown in Table 8. Economic sector develop-

ment follows macroeconomic development, taking into account inter -industry relationships. Export-ori-

ented sectors generally show a stronger connection to foreign demand, while consumption-oriented 

sectors are more dependent on domestic demand.  

The reference scenario does not imply large structural changes or economic diversification. Thus, eco-

nomic sectors which have shown large growth in the past will do so in the future. The assumptions of 

the energy sectors are an exception. 

Declining oil and gas exports are reflected in lower production in the mining sector in the period 2030 

to 2050. Lower investment results in lower output, particularly in the manufacturing and construction 

sectors. Lower production in professional, scientific and technical activities is also related to investment. 

Household and government consumption expenditures mainly support the service sector, but the for-

mer also consumes goods for everyday use. 

Table 8: Real production for 19 economic sectors, average annual growth rates  

 2000 ² 

2010 

2010 ² 

2020 

2020 ² 

2030 

2030 ² 

2040  

2040 ² 

2050  

Agriculture, forestry and fishing 5.4% 3.4% 4.0% 1.7% 1.0% 

Mining and quarrying 9.0% 2.5% 1.0% -1.2% -1.3% 

Manufacturing 5.9% 1.8% 3.1% -1.5% 0.7% 

Electricity, gas, steam and air conditioning supply 8.7% 2.8% 1.9% 0.4% 0.4% 

Water supply; sewerage, waste management and 

remediation activities 

9.3% -2.0% 3.6% 0.5% 0.9% 

Construction 17.1% 6.8% 4.0% -2.6% -0.3% 

Wholesale and retail trade; repair of motor vehi-

cles and motorcycles 

5.2% 3.9% 3.4% -1.3% 0.5% 

Transportation and storage 5.4% 4.3% 3.0% -0.3% 0.4% 
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Accommodation and food service activities 9.5% 0.7% 4.7% 1.9% 0.5% 

Information and communication 30.3% 7.3% 4.2% 2.2% 1.1% 

Financial and insurance activities 16.1% -0.9% 3.7% 1.4% 0.8% 

Real estate activities -7.5% 22.0% 4.8% 3.0% 0.9% 

Professional, scientific and technical activities -1.6% 1.3% 3.2% -0.6% 0.3% 

Administrative and support service activities 2.5% 6.6% 3.3% 0.9% 0.8% 

Public administration and defense; compulsory 

social security 

17.4% 0.2% 2.4% 2.7% 1.4% 

Education -11.8% 28.2% 2.9% 3.1% 1.3% 

Human health and social work activities 1.4% 20.5% 4.6% 3.5% 1.1% 

Arts, entertainment and recreation -0.2% 14.7% 3.7% 2.8% 1.2% 

Other service activities 5.2% -2.8% 11.4% 2.6% 0.8% 

Source: Historical data until 2020 based on COMSTAT, e3.kz results (2021-2050) 

Developments on the labor market are influenced by economic and demographic trends. The labor 

supply is basically derived from the population at working age (16 to 62 years). This will continue to rise 

until 2050 in line with the population projection used in the LEDS project (Figure 20). As long as the 

level of qualification and skills meets the job requirements, no labor shortages are expected. A shortage 

of labor ² as observed in many European countries due to demographic change (declining and aging 

population) and also to be expected in the future ² is not yet apparent in Kazakhstan. 

Sectoral employment follows the production activity of the respective economic sectors taking into ac-

count the sector-specific labor producti vity which is increasing allover but at different rates (Table 9).  

Table 9: Employment  in 1,000 persons, average annual growth rates  

 2001² 

2010 

2010 ² 

2020 

2020 ² 

2030 

2030 ² 

2040  

2040 ² 

2050  

Total employment  1.9% 0.7% 0.9% 0.1% 0.3% 

Agriculture, forestry and fishing -0.2% -6.5% 0.8% 0.4% 0.2% 

Mining and quarrying 0.1% 3.6% 0.8% -0.4% -0.4% 

Manufacturing 2.0% 0.3% -0.1% -1.1% 0.3% 

Electricity, gas, steam and air conditioning supply -0.7% 1.2% 0.6% 0.1% 0.1% 

Water supply; sewerage, waste management and 

remediation activities 

1.9% 3.7% 0.5% 0.2% 0.3% 

Construction 8.0% 1.0% 1.8% -1.1% -0.1% 

Wholesale and retail trade; repair of motor vehi-

cles and motorcycles 

2.0% 1.5% 0.8% -0.6% 0.2% 

Transportation and storage 2.3% 1.9% 1.1% -0.1% 0.2% 

Accommodation and food service activities 6.9% 6.3% 0.0% 1.1% 0.4% 

Information and communication 0.6% 3.9% 1.7% 0.6% 0.4% 
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Financial and insurance activities 8.1% 6.1% -0.2% 0.2% 0.3% 

Real estate activities 10.3% 1.3% -0.2% 1.0% 0.3% 

Professional, scientific and technical activities 5.2% 5.5% 0.9% -0.2% 0.1% 

Administrative and support service activities 2.8% 5.5% 1.8% 0.1% 0.3% 

Public administration and defense; compulsory 

social security 

3.1% 2.6% 2.0% 0.7% 0.7% 

Education 3.5% 3.1% 1.2% 0.8% 0.7% 

Human health and social work activities 2.7% 3.3% 0.9% 1.0% 0.6% 

Arts, entertainment and recreation 0.0% 4.4% 1.5% 0.6% 0.0% 

Other service activities 7.2% 10.4% -1.9% 1.0% 0.4% 

Source: Historical data until 2020 based on COMSTAT, e3.kz results (2021-2050) 

As before, most persons are employed in trade, agriculture and education with more than one million 

employees each, followed by construction, transportation, health care and manufacturing with between 

500 and 750 thousand employed persons. 
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More restrained economic growth from 2030 onwards will also have a dampening effect on labor de-

mand (Figure 20). As a result, unemployment rises. 

 

 

Figure 20: Labor market indicators, 2001 -2050 

Source: Historical data until 2020 based on COMSTAT, e3.kz results (2021-2050) 

 

4.2.2 ENERGY AND EMISSIONS 

The driver of future sectoral energy demand is the expected economic growth in the respective eco-

nomic sectors, assuming a continuation of the efficiency developments observed in the past. Thus, in 

the reference scenario, total energy demand will further increase but with a lower rate than economic 

growth (Figure 21). The decoupling process will further proceed even with no additional po licy 

measures. 
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Figure 21: Total final energy demand  by sectors, 1990 -2050 

Source: Historical data until 2019 based on COMSTAT and IEA, e3.kz results (2020-2050) 

In 2018, the biggest energy consumers are the industry (36%) and the residential sector (27%), followed 

by commerce and public services (13%) and transport sector (15%).  
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Figure 22: CO2 emission by sectors, 1990 -2050 

Source: Historical data until 2019 based on UNFCCC, e3.kz results (2020-2050) 

A stronger use of renewable energy in final energy demand is not presumed. According to the prelimi-

nary results of the LEDS project, the expansion of hydropower as well as wind and solar power for 

electricity generation increases by 22% in 2050 compared to 2019, or eightfold in the case of photovol-

taic  and wind power (DIW Econ 2021). The low energy efficiency development and constant shares of 

renewable energies lead to further increases in fuel combustion-related CO2 emissions (Figure 22). 
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5 ECONOMICS OF CLIMATE CHANGE 

5.1 IMPLEMENTING CLIMATE CHANGE IMPACTS IN THE E3.KZ 

MODEL 

Climate change affects the economy and the life of people in many ways, including manifold effects and 

reactions on the economy, either directly or indirectly. There are interactions and feedbacks between 

these individual effects. Future responses (mitigation and/or adaptation) and societal changes, in turn, 

influence the extent of climate change impacts and thus its effects on the economy. All in all, it is a very 

demanding task to represent these interactions and relationships in simulation models. Statements 

about the future can only be made with a high degree of uncertainty. Uncertainty increases the further 

one looks into the future. While it is already difficult to estimate the frequency and intensity of climate 

change events, it is even more difficult to quantify their economic consequences (Brasseur et al. 2017). 

However, in order to get an idea of the possible future economic impacts of climate change and in 

particular of the mentioned EWEs, the macro-econometric model e3.kz and the scenario technique are 

applied (c.f. section 2.2 and 0).  

The model e3.kz is based on a comprehensive, historical data set describing the past development of 

the Kazakh economy, the energy sector and the emissions. Usually, economists derive future develop-

ments from past observations. Unfortunately, economic impacts from climate change are not directly 

visible in the time series data. Either climate change did not cause any observable damage to the econ-

omy, was not relevant for the economic performance or could not even be detected as an impact from 

climate change because repairing climate change damages may result in positive GDP effects (so called 

defensive spending). In addition, the damage may have been avoided or reduced by adaptation 

measures.  

Furthermore, economic and climate models are operating on different temporal and spatial scales. 

While climate models have a high spatial resolution and a long-term horizon, e3.kz models the Kazakh 

economy at the national level and has a mid-to long-term perspective until 2050. Additionally, climate 

models are very computing intensive while the e3.kz model computes in less than a minute on an aver-

age desktop computer or laptop. Thus, climate models are not integrated into e3.kz. Instead, scenario 

analysis is applied to model climate change and adaptation which follows a four-step approach: 
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Figure 23: Four  step approach to implement climate change and adaptation in an economic model  

Source: Own illustration based on Lehr et al. 2020 

Following this approach helps to understand the economic impacts of climate change and how potential 

adaptation measures help to minimize or even avoid these effects.  

(1) Identification of EWE and their effects  

For the model, a climate change scenario is created which explicitly links frequency and intensity of 

climate hazard projections (section 3.2.2) and its sectoral economic impacts (section 3.3). The impact 

chain concept (Fritzsche et al. 2014) is used to identify relevant interfaces and effect chains of a climate 

hazard (e. g. a drought may impact agricultural production and hydro power generation ). The aim is to 

derive and link biophysical and sectoral economic effects (e. g. water scarcity affects agricultural output 

or the energy production potential ).  

The following table provides an overview on how to implement climate change impacts at sectoral level. 

Table 10: EWEs and their sectoral impacts  

Climate events Directly impacted  

economic sector(s) 

Output from biophysical model(s) or observed c li-

mate impact(s) 

Drought Agriculture Harvest loss 

 Energy Limited energy supply from hydro power  

Wild fire Agriculture Harvest loss 

 Forestry Harvest loss 

Reforestation 
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Heat wave Health Increased health expenditures 

Working hours lost through illness  

 Energy Limited energy supply due to insufficient cooling in 

CHP plants 

Increased energy demand in summer for air condi-

tioning 

 Various economic sectors  

(e. g. service sector, agriculture, 

construction 

Lower labor productivity  

Extreme  

temperature 

Energy Limited energy supply due to insufficient cooling in 

CHP plants 

Limited energy supply from hydro power due to 

higher evaporation 

Increased energy demand in summer for air condi-

tioning 

Decreased energy demand in winter 

 Transportation Deforming of roads and rails 

Extreme precipita-

tion / flood / ex-

treme wind  

Energy Damages to pipelines, power lines, dams 

Production losses in various economic sectors due 

to power outages 

 Transportation Damages to roads and bridges 

Damages to vehicles 

Alternative routes / increased fuel demand 

 Buildings Damages to buildings, household items 

 Industry Damages to production facilities 

Output losses due to impaired production 

Source: Own illustration inspired by Ciscar et al. (2014) and Lehr et al. (2020) 

In particular, sector-specific and in many cases also region-specific25 damage data from past climate 

events are used to identify and value the direct climate change impacts. Since no official and compre-

hensive data set exists, the economic damages must be derived from single past climate events in the 

country. These are collected by screening of scientific (national and international) literature, media and 

expert surveys. The damage data (section 3.3) serves as a benchmark for estimating future climate 

change impacts. Adjustments will be made to the benchmarks in scenarios to reflect the expected in-

tensity of climate hazards by assuming that, for example, the doubling of hazards per year will also 

double the benchmark damages. The combination of the future evolution of EWEs and observed climate 

change damages results in a time series of damages for the respective EWE. 

 

25
 The effects of climate change (especially climate damage) can occur nationally (e. g. drought, heat wave), regionally (e. g. storm) and locally 

(e. g. heavy rain). 
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If time series with damage data are provided by literature and / or experts, they can be directly used as 

in the case of output losses in agriculture (UNDP 2020a). 

Future occurrence and intensity of country specific climate hazards (drought, heatwave, flooding etc.) 

are provided for the RCP 2.6 and 8.5 scenarios by experts from the University of the Balearic Islands 

(UIB) associated with CORDEX26 (Navarro and Jordà 2021). The frequency of a climate hazard, e. g. 

every five years, is derived from past observations or expert knowledge. 

 

Figure 24: Example for the forward projection of past production data and integration of climate change 

effects  

Source: Own illustration 

Figure 24 illustrates the necessity to explicitly integrate climate change effects into the e3.kz model. 

The example illustrates an output of 100 million KZT for the past, except for the year 2015. In 2015, 

there is an exemplary decline of 20% due to a climate hazard with immediate recovery. Time series 

analysis would most likely expect a similar pattern for the future or a behavior as indicated with the 

orange line and thus, ignoring that without adaptation climate change impacts will become more fre-

quent and severe. Hence, the climate change impacts must be explicitly determined in a scenario as 

indicated with the green line in Figure 24. 

  

 

26
 Coordinated Regional Climate Downscaling Experiment. 
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(2) Translation of EWE into model variables  

The identified climate change effects need to be translated into model parameters. The structure of the 

e3.kz model may require translations. For example, changes in production are implemented in e3.kz by 

adjusting either demand or imports. Basically, the initial impacts of climate events are implemented as 

effects on human behavior, production factors and / or infrastructure (indicated by  in Figure 25), e. g. 

¶ Household consumption expendi-

tures by various products,  

¶ Employment in various economic 

sectors, 

¶ Exports by various products, ¶ Prices for various products, 

¶ Investments goods, ¶ Intermediate demand and 

¶ Imports by various products, ¶ Lower output from (hydro) power 

generation. 

 

Figure 25: Implementing climate change  damages into e3.kz  

Source: Own illustration, based on GWS, 2022. 

For example, damages to the capital stock, in particular destroyed buildings, production facilities or 

transport infrastructure  (roads, bridges, pipelines, warehouses), must be reconstructed and cause ad-

ditional (unvoluntary) investments. Damages to private property initiate additional (unvoluntary) con-

sumption of private households. The involuntary expenditures must be financed ² either by the investing 

sector or private households themselves or possibly by the government or any international donors. 

For any additional investment, it is presumed that sufficient capacities (labor, production facilities) are 

available to meet the stronger demand. Even in the case of increased imports due to limited domestic 

production, it is assumed that there will be no supply restrictions from abroad. 

The sector-specific direct impacts cause chain reactions within the E3 modelling system. The resulting 

impacts for other economic sectors not directly impacted by climate change as well as macroeconomic 
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effects (e. g. GDP, jobs, production in other sectors) can then be evaluated by comparing the climate 

change scenario with a hypothetical no-climate change scenario (reference scenario).  

 

Economy -wide effects of various extreme weather events ² Case studies  

In the next subsections, case studies exemplary illustrate the economy-wide impacts in terms of e. g. 

economic growth, jobs and CO2 emissions of selected EWEs calculated with the model e3.kz. All sce-

narios are based on the RCP 8.5 scenario which is the most pessimistic scenario in terms of concen-

trations of GHG in the atmosphere assuming a global temperature increase of +4.8°C compared to the 

preindustrial level. In contrast, RCP 2.6 is the most optimistic scenario with a global temperature in-

crease of +2°C compared to the preindustrial level considering that all countries follow the Paris Agree-

ment and drastically reduce the GHG emissions since the beginning of the 21st century. The intensity 

(or number per year) of the climate hazards for selected areas are taken from the UIB projections which 

are given for the RCP 8.5 (and RCP 2.6) scenario summarized at the beginning of each subsection. For 

more information on the various climate hazard indicators and projections, please refer to Navarro and 

Jordà 2021. 

Benchmark damages are based on real EWE observed in the past (section 3.3). The damage data col-

lection of climate hazards show that they range from minor to major damages depending on the severity 

of an EWE and the regional occurrence. If an EWE occurs in economically strong and / or populous 

regions, greater economic damage can be expected than in regions with smaller economic strength 

and populations.  

The reference scenario (chapter 4) sets the basis for modeling the economic impacts of climate change 

following the approach described in section 5.1. In the next sections, effects of selected climate hazards 

are modelled applying scenario analysis. The analysis is not limited to the isolated evaluation of individ-

ual EWEs. Instead, several EWEs with their sector-specific impacts can be considered in one scenario 

as well.  

The selection of the EWEs, economic sectors and adaptation options is the result of the collaboration 

with the Kazakh partners ERI and Zhasyl Damu as well as other experts. In this context, the identification 

of climatic threats (c. f. section 3.2) and the knowledge of past events and monetary damages (c. f. 

section 3.3) have guided the scenario design, which was jointly elaborated step by step in training and 

coaching sessions. Assumptions and scenario results have been discussed with sector experts (e. g. in 

agriculture) throughout different workshops.  

These scenarios are the starting point for analyzing the macroeconomic impacts of climate change and 

adaptation (see also section 6.2). By varying scenario assumptions, ranges (best and worst cases) as 

well as new findings and data can be evaluated in terms of their macroeconomic effects. The analysis 

of different w̄hat-if° scenarios helps to reduce the uncertainty regarding the macroeconomic impacts 

of climate change and adaptation. The climate change scenarios are built upon hazard-specific and 

region-specific damage data. These scenario assumptions are fed into the e3.kz model and cause chain 

reactions in the model system. The results are presented for the macroeconomy to show inter-sectoral 

linkages and the economy-wide effects (without regional effects).  

The macroeconomic results may lead to the impression that the economic effects are s̄mall° in partic-

ular when singularly looking at percentage differences between a hypothetical ¯no climate change° 

scenario and a ¯climate change° scenario. Looking at the absolute numbers, it becomes even clearer 
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that climate change is having a significant impact, in particular when considering that the consequences 

appear even more severe at the subnational level. 

 

5.1.1 ECONOMY-WIDE EFFECTS OF DROUGHTS 

Scenario assumptions  and implementation  

In the past, most of the extreme droughts took place in North and Central Kazakhstan which was on 

average between 0.3 and 0.6 events per year according to the ¯SPEI < - 2°27. Regarding the climate 

model simulations for the RCP 8.5 scenario, the number of drought events will occur more frequently 

in the future, in particular in Central Kazakhstan and Almaty. The Northern region which is affected most 

as of today shows a slight decrease of 1% per year from 0.6 to 0.4. The other regions are confronted 

with an increasing number of drought events per year (Figure 26).  

For the ¯drought° scenario, the drought intensity is based on the evolution of droughts in the Northern 

region where an increase to 0.4 droughts per year is anticipated. Droughts are expected to occur every 

four years.  

  

 

27
 The Standardized Precipitation Evapotranspiration Index (SPEI) is based on precipitation, temperature and humidity data. The SPEI < -2 is 

classified as extreme drought (Navarro and Jordà 2021). 
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Figure 26: Number of extreme drought events (top figure) per year , 2020-2050 and selected regions 

(bottom figure ) with  average number of extreme drought events 1976 -2005  

Source: Navarro and Jordà 2021 

As described in the sections 3.2.3 and 3.3, droughts are impacting mainly the agriculture and energy 

sector which is summarized in Table 11.  

In agriculture, the prevailing wheat production is most affected by water scarcity especially in the North 

where rain fed wheat production is predominant . According to UNDP (2020), wheat yield losses are 

expected to increase up to 608 bn. KZT by 2050. Depending on the severity of a drought, the crop is 

partially or even completely destroyed or the quality of the crops is inferior so that only lower prices can 

be obtained. 
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Livestock production is also negatively affected due to lower pasture productivity. As a result, yields are 

expected to decrease by 170 bn. KZT by 2050 (UNDP 2020a). In contrast, sunflower seed yields are 

supposed to increase slightly (0.9 to 1.8 bn. KZT) because they are better adapted to droughts.  

An increase in water consumption is not assumed due to the fact that wheat production in the Northern 

Region is mainly rain-fed. Even if irrigation systems are available, costs are only incurred through water 

use if water is not provided free of charge.  

Droughts and the associated lower water levels could also create energy security concerns. Not only 

hydro power but also thermoelectric power plants are affected due to cooling needs.  

An international study on the impacts of droughts on water resources and electricity supply has figured 

out that the hydro power potential on average is reduced by five percent and thermoelectric power by 

four percent (van Vliet et al. 2016). According to the IEA energy balance data for Kazakhstan, during 

the severe drought in 1998 the impact was even worse and accounted for a reduction of 20%. While 

for the thermoelectric power potential the assumption from the global study is used, for hydro power 

the scenario relies on the declined power production in 1998 . 

Table 11: Impacts of a drought  

Sector  Drought impacts  Source s 

 Wheat yield losses (457 bn. KZT until 2030, 

608 bn. KZT until 2050) 

UNDP, 2020 

 Increased sunflower yields (1,8 bn. KZT until 2030, 

0.9 bn. KZT until 2050) 

UNDP, 2020 

 
Decline in livestock production (109 bn. KZT until 

2030, 170 bn. KZT until 2050)) 

UNDP, 2020 

 Decreased hydro power production due to lower 

water levels (-20%) 

IEA energy balance 1998 

 Reduced thermoelectric power potential due to in-

sufficient water availability  

(-4%) 

Van Vliet et al. 2016 

Source: Own illustration. 

The possible effects of a drought are then implemented into the e3.kz model using the underlying data. 

To consider that an increasing number of droughts is likely to cause greater impacts, the historical 

benchmark data for the energy sector is combined with the expected increase of future drought events 

given by UIB projections (Figure 26). Agricultural yield changes for wheat, livestock and sunflowers are 

already indicated in the UNDP study until 2050. 
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Scenario results  

Based on the assumption that droughts occur every four years, eight of these events occur in the sim-

ulation period until 2050.  

Droughts are impacting the economy negatively. GDP is up to 2.4% resp. 2,028 bn. KZT lower com-

pared to a situation with no drought (Figure 27). Export chances cannot be realized and are up to 1.1% 

resp. 1,262 bn. KZT lower. Higher imports for wheat and electricity dampen the economic growth.  

For example, during the drought in 2021, the government has also restricted agricultural exports and 

at the same time increased imports in order not to endanger the food security in Kazakhstan.28 It is also 

assumed that electricity is imported, as domestic power production is limited by the water shortage. 

The neighboring country Kyrgyzstan was also able to purchase electricity from its neighboring countries 

during a drought (Pannier 2021). The failures in hydro power generation are not as severe as in Kyr-

gyzstan due to the fact that the share of hydro power in electricity production with approximately 13% 

is low compared to Kyrgyzstan with a share of 90%.   

Furthermore, lower employment and income levels reduce the spending opportunities of private house-

holds. Other imports are decreasing due to lower economic activity and support economic growth. The 

import dependency is generally high and thus lower demand for intermediate and finished products 

results in lower imports (Figure 27). However, imports are still increasing by maximum 2.6% resp. 

411 bn. KZT. 

Drought intensity is increasing over time and causes increasingly stronger economic costs. Between 

the drought years the economy recovers over time but not fully due to lagged reactions in investments 

and government consumption.  

 

Figure 27: "Drought" scenario (RCP 8.5): macroeconomic effects, 2022 -2050, deviations from a hypothet-

ical "No drought" (REF) scenario in percent  

Source: Own illustration based on e3.kz results 

In drought years, production is in particular  constrained in the agriculture and energy sector  (Figure 

28). Other sectors that are not directly affected by the drought are also influenced via economic 

 

28
 https://www.agriculture.com/markets/newswire/drought -hit-kazakhstans-wheat-supplies-bolstered-by-high-stocks-russian-imports (last ac-

cessed, September 24, 2021) 
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interlinkages. For example, the demand of the agriculture sector for intermediate products such as 

pesticides sold by the chemical industry is lower. Also the food production industry records a lower 

production level because less agricultural products are available to be processed. 

Lower consumer expenditures by private households (Figure 28) on food, beverages and food services, 

among other things, cause further production adjustments. 

 

Figure 28: ¯Drought° scenario: real production by economic sectors, drought year 2050, deviations from a 

hypothetical N̄o drought ° (REF) scenario in percent  (x-axis) and bn. KZT (*)  

Source: Own illustration based on e3.kz results  

Employment follows the production considering the sectoral labor -intensities which is highest in the 

agriculture and many service sectors (e. g. wholesale and retail trade). Figure 29 shows the change in 

employment compared to the reference scenario. Total employment is up to 1.4% resp. 141 thousand 

persons lower per year compared to a situation without a drought. Employed persons in the agriculture 

sector suffer the most due to the high labor intensity. Jobs in the energy sector are less affected be-

cause labor intensity is lower.  
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Figure 29: ¯Drought° scenario: employment by sectors, drought year 2050, deviations from a hypothetical 

"No drought" (REF) scenario in 1,000 persons  

Source: Own illustration based on e3.kz results 

The impacts on the environment are positive. Limited economic growth caused by droughts results in 

lower final energy consumption (Figure 30) and CO2 emissions (Figure 31). In 2050, TFEC is by 

449 ktoe resp. 0.8% lower compared to a ¯no drought° scenario which is based on less fossil fuels. The 

use of renewable energy remains at the same level as in a ¯no drought° scenario indicated by a zero 

percentage deviation resp. zero ktoe.  
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Figure 30: "Drought" scenario: energy demand, drought year 2050, deviations from a hypothetical "No 

drought" (REF) scenario in ktoe (top figure) and percent  (bottom figure)  

Source: Own illustration based on e3.kz results 

Another positive impact is related to the temporary lower production of the thermoelectrical plants 

mainly operating with fossil fuels which results in a decreasing total primary energy supply in particular 

for coal and natural gas. 
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Figure 31: "Drought" scenario: CO2 emissions, drought year 2050, deviations from a hypothe tical "No 

drought" (REF) scenario in kt CO2 (top figure) and percent  (bottom figure)  

Source: Own illustration based on e3.kz results 

The lower energy demand of fossil fuels leads to an overall reduction in emissions of 1.5% or 5.4 Mt 

CO2 (Figure 31). In the energy industries, CO2 emissions can be reduced the most compared to a "no 

drought" scenario.   

Figure 32 summarizes the key impacts of the ¯drought° scenario. 
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Figure 32: ¯Drought° scenario: key impacts, 2022-2050, deviations from a hypothe tical "No d rought" (REF) 

scenar io in percent  

Source: Own illustration based on e3.kz results 
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5.1.2 ECONOMY-WIDE EFFECTS OF HEAT WAVES 

Scenario assumptions  and implementation  

According to Navarro and Jordà (2021), a heat wave is defined as an event with temperatures higher 

than the 99th quantile computed from the historical period  with five or more consecutive days. Figure 

33 (bottom) indicates the respective threshold temperatures in the selected regions according to that 

definition. The threshold for heat waves differs with regard to the temperature in the regions and ranges 

from 22°C in Nur-Sultan and Northern regions to 32°C in Southern region. According to climate projec-

tions, heat waves in Kazakhstan will increase strongly from about 0.4 to max. 1.2 per year (Figure 33).  

 

 

Figure 33: Number of heat wave events per year, 2020 -2050 (top figure) and selected regions  (bottom 

figure) with  threshold  values  1976-2005 

Source: Navarro, Jordà 2021 
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Table 12 shows possible impacts for various economic sectors which were already presented in section 

3.2. As in the drought scenario, agriculture and the energy sector are assumed to be affected. High 

temperatures lead to increased evaporation and thus to water scarcity. Lower wheat yields and pasture 

productivity may result. Price increases for agricultural products are to be expected.  

Table 12: Impacts of a heat wave  

Sector  Impact  Source  

 

Increased government expenditures for 

health care services due to heat stress 

(+0.3%) 

Own assumption based on estima-

tions for Germany (Hübler 2014)  

 

Increased demand for beverages due to 

heat (+3%) 

Own assumption based on 

Mirasgedis et al. 2014 and  experi-

ences in Germany during a heat 

wave in 2018 

 

Higher electricity demand for cooling (+6%) Own assumption based on experi-

ences in Germany 

 

Decreased hydro power production due to 

lower water levels caused by higher evapo-

ration (-20%) 

IEA energy balance 1998 

 

Reduced thermoelectric power potential 

due to insufficient cooling  

(-4%) 

Van Vliet et al. 2016 

 

Wheat yield losses due to water scarcity 

(457 bn. KZT until 2030, 608 bn. KZT until 

2050) 

UNDP 2020a 

 

Increased sunflower yields (1,8 bn. KZT until 

2030, 0,9 bn. KZT until 2050) 
UNDP 2020a 

 

Decline in livestock production (109 bn. KZT 

until 2030, 170 bn. KZT until 2050))  
UNDP 2020a 

 

Production losses due to less productive 

workers working outside (agriculture and 

construction)  

Based on ILO 2019 

Source: Own illustration  

Power generation capacity is constrained for both hydropower and CHP plants due to inadequate cool-

ing. As described in the drought scenario, electricity imports increase to compensate for the power 

shortage. In addition, higher electricity demand for cooling purposes is expected.  

According to international experience, higher beverage consumption and more heat -related health ex-

penditures due to morbidity (e. g. cardiovascular illnesses) as well as food and water-borne diseases 

(e. g. salmonellosis) are to be expected. Furthermore, heat-related mortality may increase whereas 
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cold-related mortality decreases. These impacts are difficult to estimate and depend on many factors 

such as age, pre-existing conditions, etc. and thus not considered. 

The impacts of heat stress on labor productivity for agriculture, the industry sector, construction and 

service sectors are leaned on the results from the ILO (2019) study for Kazakhstan. According to this, 

in total 300 full-time jobs were lost to heat stress in 1995 but by 2030 an increase to 1,100 is expected. 

Agriculture and construction are most affected, each accounting for 0.05% of working hours. No im-

pacts are expected for the service sector and almost no impacts (0.01%) for industries. The productivity 

losses imply lower output in the affected sectors. 

All historical benchmark damages are linked to the expected increase of the number of heat waves 

(Figure 33) to consider higher damages when climate change is exacerbating. If times series of damage 

data already exist, such as for agricultural yield and labor productivity losses due to high temperatures, 

these are adopted in e3.kz. 

Scenario results  

In the heat wave scenario, it is assumed that a heat wave occurs every five years (2022, 2027, etc.) that 

has the impacts shown above.  

 

Figure 34: H̄eat wave° scenario (RCP 8.5): macroeconomic effects, 2022 -2050, deviations from a hypo-

thetical "No heat wave " (REF) scenario in percent  

Source: Own illustration based on e3.kz results 

The economy-wide impacts are negative. GDP is up to 1.4% resp. 1,074 bn. KZT lower compared to a 

situation without a heat wave (Figure 34). The increasing imports of agricultural products and electricity 

as well as lower agricultural exports dampen the GDP. The weaker economic growth on the one hand 

leads to declining investments and government consumption which are growth dependent. On the other 

hand, the high import dependency partly reduces total imports..  

Household consumption expenditures are increasing over time because the impact of an increased 

cooling demand and beverage consumption compensates the restrictions due to lower employment 

and income (Figure 34). A positive but minor impact stems from the additional heat-related health ex-

penditures. These impacts must be interpreted with care and should not be seen as an economic re-

covery plan. Such ¯bad° GDP effects are so-called defensive spending. Heat-related expenditures are 

Heat wave years 
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assumed to be additional expenditures in this case that do not displace other consumption expendi-

tures. 

 

Figure 35: ¯Heat wave° scenario: real production by economic sectors, heat wave  year 20 42, deviations 

from a hypothetical "No heat wave " (REF) scenario in percent  (x-axis) and bn. KZT (*)  

Source: Own illustration based on e3.kz results 

Production is constrained by the heat waves in particular in the agriculture and energy sector (Figure 

35). Other sectors such as manufacturing of beverages and water supply increase their production due 

to higher demand.  

Heat stress in agriculture and construction lowers output in the sectors (c. f. Figure 35) but no heat-

related suspension of staff is expected. Nevertheless several sectors are affected by output losses, 

causing reactions in employment of up to -0.95% resp. -93 thousand persons compared to a situation 

without a heatwave. People in agriculture are affected the most (Figure 36). 
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Figure 36: ¯Heat wave° scenario: employment by sectors, heat wave year 2042 , deviations from a 

hypothetical "No heat wave "  (REF) scenario in 1,000 persons  (x-axis) and percent (*)  

Source: Own illustration 

On the one hand, limited economic growth results in lower energy demand. On the other hand, accord-

ing to the scenario settings, electricity demand is increasing for additional cooling which prevails (Figure 

37). In the heat wave year 2042, electricity demand would be 355 ktoe resp. 4.4% higher compared to 

a ¯no heat wave° scenario. Total final energy demand increases by 116 ktoe resp. 0.2%. 
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Figure 37: ¯Heat wave° scenario: energy dem and, heat wave  year 20 42, deviations from a hypothet ical 

"No heat wave" scenario in  ktoe (top figure) and  percent  (bottom figure)  

Source: Own illustration based on e3.kz results 

At the same time, power generation from thermal power plants and hydropower is impaired resulting in 

higher electricity imports. Due to this fact, CO2 emissions (in particular for the energy industries) are 

lower although energy demand increases (Figure 38). As long as the imported electricity is generated 

from hydropower or other renewable energy, the environmental effects are positive. 
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Figure 38: "Heat wave" scenario: CO2 emissions, heat wave  year 20 42, deviations from a hypothe tical "No 

heat wave" (REF) scenario in kt CO2 (top figure) an d percent  (bottom figure)  

Source: Own illustration based on e3.kz results 

Figure 39 summarizes the key impacts of the ¯heat wave° scenario. 
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Figure 39: ¯Heat wave° scenario: key impacts, 2022-2050, deviations from a hypothe tical "No hea t wave" 

(REF) scenario in percent  

Source: Own illustration based on e3.kz results  

5.1.3 ECONOMY-WIDE EFFECTS OF EXTREME PRECIPITATION 

Scenario assum ptions  and implementation  

Extreme precipitation and related floods are major climate risks in South- and East-Kazakhstan and 

according to the climate model simulations for the RCP 8.5 scenario, they will become even worse. The 

number of days with extreme precipitation events as defined by Navarro and Jordà (2021) will increase 

from approx. four to almost six days per year in the selected regions (Figure 40). The amount of extreme 

precipitation ranges from six mm/day in the eastern region to 27 mm/day in Oeskemen. 
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Figure 40: Number of days with extreme precipitation  events per year, 2020 -2050 (top figure)  and selected 

regions  with  threshold  values  1976-2005 (bottom figure)  

Source: Navarro and Jordà 2021 

For the ¯extreme precipitation° scenario, the intensity is based on the evolution of these hazards in 

Kazakhstan where an increase from approx. four to five events per year is expected.  

The number and extent of flood events varies from region to region. According to past observations, in 

the mountainous regions in the South-East of Kazakhstan, floods occur regularly due to snow melt. In 

other regions, such as South Kazakhstan and in the low lands, river floods occur less frequently but 

cause severe damages such as the flood in South Kazakhstan 2008.  

Depending on the location where the event occurs, the extent of the damage and the impact on the 

society and the economy will vary. Non-climatic factors such as population density, degree of surface 

sealing in urban versus rural areas, land use, and infrastructure endowment influence the extent of 

damage. In this example, the damage to the infrastructure is assumed to be 15 bn. KZT which is an 

average damage per major event according to the damage data collection from past extreme precipi-

tation events (c. f. section 3.3). 
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Table 13: Impacts of floods  

Sector  Impacts  Source s 

 

Reconstruction of damaged buildings (31% resp. 

4.5 bn. KZT) 

GFDRR et al. 2015 

 

Replacement of unusable household goods (e. g. 

electrical appliances, furniture) (3% resp. 144 mln. 

KZT) 

GFDRR et al. 2015 

 

Reconstruction of damaged road infrastructure (63% 

resp. 9.2 bn. KZT) 

GFDRR et al. 2015 

 

Replacement of damaged cars (2,5% resp. 235 mln. 

KZT) 

GFDRR et al. 2015 

 

Reconstruction of damaged water and sanitation sys-

tem (6% resp. 900 mln. KZT) 

GFDRR et al. 2015 

 

Reconstruction of destroyed energy infrastructure 

e. g. power transmission lines, oil pipelines (112 bn. 

KZT) 

 

Revenue loss due to joule heating and corona dis-

charge (30 bn. KZT) 

Based on assumption 

on replacement cost 

per unit and number of 

units to be replaced 

KEGOC 201829  

 

Production losses in economic sectors due to power 

failure 

Enterprise Survey 

World Bank 2019 

 

Higher costs due to involuntary reconstruction invest-

ments in the transport, energy, water and real estate 

sector  

Own assumption 

Source: Own illustration 

Table 13 shows examples of possible direct economic impacts. These are illustrative examples and do 

not necessarily occur simultaneously during one extreme precipitation event. Typical recorded dam-

ages are destroyed and flooded buildings, killed livestock, destroyed crops and pasture in the agricul-

tural sector, flooded and destroyed roads, bridges and infrastructure in the water and energy sectors 

such as pipes and power lines.  

Detailed data on the allocation of the amount of economic damages in the different sectors namely, 

buildings, infrastructure, energy or transport are not available. Thus, own assumptions are used to illus-

trate possible effects.  

 

29
 https://kegoc.kz/en/investment-projects 
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Flood-related damage changes with þood frequency and severity. The impact of an increasing number 

of floods per year is captured by linking past economic damages from flooding with the UIB data.  

Furthermore, an extreme precipitation event might have different impacts in the future due to the fact 

that new areas are built up and developed which increases the value of assets (MNE et al. 2017, p. 169). 

This impact can be modeled by assuming the expected increase of the value of the capital stock per 

year. For example, regional population growth might be an indicator for an increase in residential build-

ings. In this presented scenario, this effect is not covered and thus damages could be even worse. 

Scenario results  

This scenario assumes that an extreme precipitation event occurs every five years starting in 2022 with 

the impacts outlined above. 

In the years with an extreme precipitation event, GDP in constant prices is up to 0.9% resp. 771 bn. KZT 

lower compared to a situation without a climate hazard (Figure 41). The economy partially recovers 

between the years with extreme precipitation. At the beginning of the simulation period, the investment 

path is higher due to repairing needs of damaged building, transport, water and energy infrastructure. 

Over time, growth dependent investments prevail and reduce investments. 

 

Figure 41: Ēxtreme precipitation ° scenario (RCP 8.5): macroeconomic effects, 2022 -2050, deviations from 

a hypothetical "No extreme precipitation " (REF) scenario in percent  

Source: Own illustration based on e3.kz results 

Imports are increasing as well. On the one hand, increased demand for manufactured products such 

as cars and electrical equipment leads also to increasing imports due to the high import-dependency. 

On the other hand, production losses due to electrical outages must be compensated by imports to 

satisfy the demand. As the economy grows at a slower pace, imports will also decline until 2050. 

Damages to the energy infrastructure affect not only the oil industry, which suffers from lower exports 

due to damaged oil pipelines, but also a broad range of economic sectors are impacted by power out-

ages (World Bank 2019). This applies to export-oriented sectors such as producers of basis ferrous 

metals, basic precious metals and other non-ferrous metals, which are facing lower exports. Closed 

retail stores and restaurants as well as interrupted communication hampers consumer demand. The 

Extreme precipitation 



 

 76 

Supporting Climate Resilient Economic 

Development in Kazakhstan 

resulting lower sectoral production shows Figure 42. Manufacturers of electrical equipment are posi-

tively affected by replacement investments in the energy sector. 

 

 

Figure 42: Ēxtreme precipitation ° scenario: real production by economic sectors, extreme precipitation  

year 20 47, deviations from a hypothetical "No extreme precipitation " sce nario in percent  (x-axis) and bn. 

KZT (*) 

Source: Own illustration based on e3.kz results 

Repairs to buildings and roads have a positive impact on the construction sector and other sectors 

along the value chain such as non-metallic mineral producers. However, these are offset by the overall 

negative economic effects. 

Employment follows the sectoral production, taking the sector-specific labor productivity into account. 

Overall, the employment level is at max. 0.3% resp. 25 thousand people  per year lower than without 

extreme precipitation events. Employed persons in manufacturing, trade and transportation are mainly 

impacted (Figure 43). As a result, national income is lower and reduces spending opportunities of 

households.  
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Figure 43: ¯Extreme precipitation° scenario: employment by sectors, extreme precipitation year 2047 , 

deviations from a hypothetical "No extreme precipitation " scen ario in 1,000 persons  

Source: Own illustration based on e3.kz results 

The lower economic activity results in less final energy demand which is 298 ktoe resp. 0.5% lower in 

2047 compared to a ¯no extreme precipitation° scenario (Figure 44). Energy demand by fossil fuels 

decreases accordingly to the use of demanding sectors such as the manufacturing industries.  
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Figure 44: ¯Extreme precipitation° scenario: energy demand, Extreme precipitation  year 20 47, deviations 

from a hypothetical "No extreme precipitation " scenario in  ktoe (top figure) and  percent  (bottom figure)  

Source: Own representation 

CO2 emissions in manufacturing, construction and other sectors decrease due to lower production (Fig-

ure 45). However, energy industries show an increase in CO2 emissions. The power losses due to joule 

heating and corona discharge must be compensated by higher energy production leading to an addi-

tional use of coal and gas. 
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Figure 45: ¯Extreme precipitation° scenario: CO2 emissions , Extreme precipitation  year 20 47, deviations 

from a hypothe tical "No extreme precipi tation " scenario in  ktoe (top figure) and  percent  (bottom f igure)  

Source: Own representation 
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Figure 46 summarizes the key impacts of the ¯Extreme precipitation° scenario. 

 

Figure 46: ¯Extreme precipitation ° scenario: key impacts , 2022-2050, deviations from a hypothe tical "No 

extreme precipit ation  " (REF) scenario in percent  

Source: Own representation 

5.1.4 ECONOMY-WIDE EFFECTS OF EXTREME WINDS 

Scenario assumptions  and implementation  

The number of extreme wind events per year will mainly remain more or less at the same level as of 

today. For most of the regions, three to four times a year such an extreme event occurs (Figure 47).  
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Figure 47: Number of day s with extreme wind events per year, 2020 -2050 (top figure) and selected regions  

with threshold values 1976 -2005 (bottom figure)   

Source: Navarro and Jordà 2021 

While in the Western region a slight increase of wind events is expected, in the Southern region, Oes-

kemen and the very North region the number is decreasing. At the national level, the number of extreme 

wind events will decrease by 0.1% p.a. The threshold for extreme wind differs in the regions and ranges 

from nine m/s in Oeskemen to 17 m/s in the East. 

Potential impacts of extreme wind events observed in the past are summarized in Table 14. Based on 

the collected damage data (section 3.3), the extent of damage ranges from a few million KZT to 2.5 

billion KZT. Winter storms (blizzards) result in greater damage, as they are often associated with poor 

visibility, causing greater damage to traffic due to accidents. 

A monetarization of the damage for individual economic sectors is not available. Damage to buildings, 

cars and power lines was often mentioned, as well as partial damage to gas supply systems and tele-

phone cables. Blocked roads and railroads due to falling trees were rarely mentioned.  

For the scenario presented here, the damages shown in Table 14 were taken into account and it was 

assumed that the extent of the damage is 900 million KZT, which corresponds to an average damage 

of a major event. The more events per year occur, the higher the damage. In the scenario it is assumed 

that four of these events occur per year in Kazakhstan. 

All benchmark damages are then linked to the growth rates of the projected number of extreme wind 

events (Figure 47). Subsequently, this time series of damage data is implemented in the model e3.kz to 

calculate the economy-wide impacts. 
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Table 14: Impacts of a n extreme wind event  

Sector  Impact  Source  

 

Reconstruction of (partly) damaged 

buildings (80% of total damage resp. 

3 bn. KZT; residential property own-

ers 50:50 private property and real 

estate sector) 

Own assumption based on damage 

data (see section 3.3)  

Shares are adopted from GFDRR et al. 

2015  

 

Replacement of damaged cars (5% of 

total damage resp. 180 mln. KZT) 

Own assumption based on damage 

data (see section 3.3)  

Shares are adopted from GFDRR et al. 

2015 

 

Reconstruction of destroyed energy 

infrastructure e. g. power transmis-

sion lines (15% of total damage resp. 

540 mln. KZT) 

Own assumption based on damage 

data (see section 3.3)  

Shares are adopted from GFDRR et al. 

2015 

 

Production losses in service sectors 

(food and beverage and communica-

tion services) due to power failure 

Enterprise Survey World Bank 2019 

 

Higher costs due to involuntary re-

construction investments in the en-

ergy and real estate sector 

Own assumption 

Source: Own illustration based on e3.kz results 

 

Scenario results  

It is assumed that major extreme wind events occur every four years starting in 2022. 

The damages caused by a regional extreme wind event have minor negative, impacts on the macro-

economy. The GDP growth path is slightly lower (-0.03% resp. 29 Bn. KZT) than without a storm (Figure 

48). Replacement investments to repair the damaged buildings and energy infrastructure have a posi-

tive impact but they are outperformed  by the overall decreasing investments due to lower economic 

activity. In the energy and real estate sector prices are increasing due to investment costs.  

In the case of residential property, private households bear the financial burden of restoring their homes 

at the expense to 50% of non-essential expenses such as expenditures for food and beverage services. 

The remaining 50% are assumed to be financed from savings. The replacement of damaged cars in-

creases the imports of cars due to the high import dependency of the sector.  
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Figure 48: Ēxtreme wind ° scenario (RCP 8.5): macroeconomic effects, 2022 -2050, deviations from a hy-

pothetical "No extreme wind " scenario in percent  

Source: Own illustration based on e3.kz results 

Production failures in the service sectors ¯food and beverage activities° and ¯communication services° 

result in losses of -0.4% of annual sales which is one third of the specified value in the World Bank 

Enterprise Survey for Kazakhstan 2019. This is based on the assumption that not all power outages in 

the country are due to climate change. Sectoral production effects are up to 0.45% lower compared to 

a situation without an extreme wind event (Figure 49). Restaurants have to close and communication is 

interrupted due to power outages causing for example spoiled food. Losses in the service sectors have 

larger impacts than direct physical impacts in the energy sector. 

 

Figure 49: Ēxtreme wind ° scenario: real production by econo mic sectors, Extreme wind year 2050, 

deviations from a hypothetical "No extreme wind " (REF) scenario in percent  (x-axis) and bn. KZT (*)  

Source: Own illustration based on e3.kz results 

Extreme wind years 
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Decreased production levels lead to lower employment, in particular in the two service sectors men-

tioned above. In total, employment is 1,800 persons resp. 0.02% lower compared to a ¯no extreme 

wind° scenario in the year 2050. Consequently, income is lower which reduces the spending opportu-

nities of households in general. 

 

Figure 50: ¯Extreme wind° scenario: employment by sectors, extreme wind year 2050 , deviations from a 

hypothe tical "No extreme wind " scenario in 1,000 persons  (x-axis) and percent (*)  

Source: Own illustration based on e3.kz results 

Total final energy consumption and CO2 emissions follow the economic growth path and thus are slightly 

lower compared to a ¯no extreme wind° scenario.   

Figure 51 summarizes the key impacts of the ¯Extreme wind° scenario. 

 

Figure 51: ¯Extreme wind ° scenario: key impacts , 2022-2050, deviations from a hypothetical "No extreme 

wind " scenario in percent  

Source: Own illustration based on e3.kz results 
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6 ECONOMICS OF ADAPTATION TO CLIMATE 

CHANGE 

Climate change causes immense economic costs and affects key industries as the previous sections 

show exemplary. Thus, it is vital for Kazakhstan to reduce the vulnerability to c limate change impacts 

by adapting to climate change.  

A variety of definitions of adaptation to climate change exist. In general, it can be defined as a "set of 

organization, localization and technical changes that societies will have to implement to limit the nega-

tive effects of climate change and to maximize the beneficial ones" (Hallegatte et al. 2011).  

The United Nations Framework Convention on Climate Change (UNFCCC) defines adaptation as ¯ad-

justment in natural or human systems in response to actual or expected climatic stimuli or their effects, 

which moderates harm or exploits beneficial opportunities° (UNFCCC 2013).  

Adaptation options can be proactive or reactive. While proactive adaptation anticipates likely future 

impacts of climate change, reactive adaptation implements ¯build back better° measures to increase 

climate resilience of e. g. infrastructure after experiencing the negative impacts of climate change. All 

adaptation options must address the climate-related risks on a respective economic sector. 

The process of the development of adaptation strategies is shown in Figure 52. At each stage, key 

questions must be answered with the support of experts and modeling tools leading to an adaptation 

strategy.  

 

Figure 52: Integration and support of macroeconomic modeling in the development of climate adaptati on 

strategies  

Source: European Commission (2020), p. 6 

In the first stage, possible risks and vulnerabilities from climate change need to be identified (c. f. section 

3.2 and 3.3). As of today, data availability is usually scarce and must be compensated for by expert 

knowledge.  
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In the second stage, the identified climate risks need to be assessed with respect to their direct impacts 

on certain sectors of the economy (c. f. section 5.1) as well as possible adaptation measures that con-

tribute to limit the negative impacts of climate change. CBAs are an important cornerstone to identify 

the costs and benefits of sectoral adaptation measures on which the macroeconomic analysis is built 

upon. Close contact with field experts is advisable and beneficial in this context.  

In stage three, an economic model such as e3.kz helps to quantify also indirect and induced impacts in 

other sectors and the total economy to evaluate adaptation options (see section 6.2). However, a pre-

selection of adaptat ion measures should be made before starting the macroeconomic modeling 

activities  (for more see section 6.1). 

The macroeconomic evaluation builds on available CBA and other detailed studies which are usually 

limited to a single economic sectors analysis. The macroeconomic analysis goes beyond the classic 

CBA evaluating the impacts of sectoral and typically regional adaptation options for the national econ-

omy (e. g. GDP and its components) and for economic sectors (e. g. employment, production). 

Decisionmakers are enabled to prioritize and to adopt the most effective adaptation measure for the 

respective sector or a combination of  measures  that also have positive effects on the economy and 

job creation (win-win measures). Model indicators such as GDP and its components, employment, 

production, energy -related CO 2 emissions are used to analyze the impacts on the whole economy 

and for economic sectors.  The results provide the basis to prepare climate-sensitive development 

plans and economic development strategies at the national level in Kazakhstan which has budgetary 

sovereignty and plans for the long term (e. g. a NAP). 

Although the financial and economic impacts are relevant for policymakers to decide which adaptation 

measure is ¯most effective°, other criteria ² which are beyond the scope of the model ² must be 

considered as well such as health aspects, ecosystem services (biodiversity, regulation of the water 

balance), distributional effects, other GHG emissions and international / political implications to get a 

more comprehensive evaluation and to formulate an appropriate adaptation strategy . 

However, adaptation measures are difficult to assess due to the following reasons (Lehr et al. 2020): 

1. Uncertainty about the impacts of climate change: 

Accurately predicting future climate change impacts is difficult. Adaptation measures based on an av-

erage temperature increase of 3°C, for example, turn out to be too complex and costly if the temperature 

rises by 1.5°C only. On the other hand, measures that refer to a global warming of 1.5°C on average 

are almost meaningless if the temperature rises by 3°C. Similarly, it is uncertain what impacts climate 

change will have on ecosystems and how communities on the local level will be confronted with the 

results (Eisenack 2009, Hallegatte et al. 2011).  

 

A CBA estimates the costs and benefits of a (sectoral adaptation) project. It compares the 

discounted va lue over the whole lifetime of the project  ² the net present value (NPV) ² 

of the costs and the benefits . A project is recommended if the benefits outweigh the 

costs  (NPV > 0). If more than one alternative is evaluated, the alternative with the highest 

NPV is the most suitable for the respective sectoral climate change related issue. (see also 

UNFCCC 2011, GIZ 2013) 








































































































































