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1 Current and Future Climate Change Assessment

1.1 Current climate and climate change

The most part of the Kazakhstan’s Caspian Sea region is located in arid and semi-arid zones, which are considerably vulnerable to climate change. The climate is continental, with wide variations throughout the region. In the north average January temperature is minus 10-11 (C and July average is about 25 (C (Table 1.1); in the south the averages are minus 3-7 (C and 26-27 (C correspondingly. 

Table 1.2 Air Surface Temperatures (Celsius degree) for the Kazakhstan’s Caspian Sea region for the 53-year average 1950-2003

	Station
	Month
	Annual

	
	January
	April
	July
	October
	

	Taypak
	-10.7
	9.6
	25.3
	7.2
	7.1

	Zhalpaktal
	-10.3
	9.3
	24.4
	6.7
	6.9

	Urda
	-8.6
	10.2
	24.8
	7.9
	8.2

	Atyrau
	-8.0
	11.0
	26.1
	8.6
	9.1

	Fort-Shevchenko
	-1.7
	11.3
	25.8
	12.6
	11.8

	Ganyushkino
	-6.2
	10.7
	25.3
	8.9
	9.5

	Tushibek*
	-3.6
	11.8
	26.5
	10.8
	11.2

	Beyneu
	-7.2
	11.7
	27.7
	9.2
	10.1

	Uil
	-11.8
	8.9
	24.6
	6.4
	6.4


* - data since  1955
In the north annual precipitation reaches 200-270 mm (Table 1.2), and less than 100 mm in the desert areas in the south. Strong winds are typical for most part of Caspian Sea region.

Table 1.2 Total Precipitation (mm) for the Kazakhstan’s Caspian Sea region for the 53-year average 1950-2003

	Station
	Month
	Annual

	
	January
	April
	July
	October
	

	Taypak
	16
	19
	16
	21
	208

	Zhalpaktal
	22
	18
	24
	29
	266

	Urda
	21
	22
	23
	25
	265

	Atyrau
	13
	13
	16
	16
	175

	Fort-Shevchenko
	6
	15
	12
	11
	123

	Ganyushkino
	12
	21
	19
	13
	177

	Tushibek*
	10
	21
	12
	12
	85

	Beyneu
	10
	18
	15
	14
	148

	Uil
	19
	20
	23
	28
	252


* - data since  1976
Redistribution of precipitation and increase of frequency and intensity of droughts on the background of air temperature increase will entail negative consequences particularly in agriculture and water management of the country. Climate change can also have negative influence on human health.

Meteorological observations at some stations of Kazakhstan started more than 50 years ago, that has allowed to estimate regional climate change over this period.
Surface air temperature. The tendency of increase of average seasonal and annual air temperatures was observed during last centenary period in Caspian Sea region (Table 1.3). Maximal warming occurs in the winter period (0.5-1.3 (C /10 years). Over the region mean annual surface temperature rose by about 0.2‑0.4 (C /10 years over the region for the period 1950-2003.

Table 1.3   Linear Trend Coefficients for Air Surface Temperatures ((C/10 years) for the Kazakhstan’s Caspian Sea region for the Period 1950-2003 
	Station
	Month
	Annual

	
	January
	April
	July
	October
	

	
	A
	A
	A
	A
	A

	Taypak
	
	1.1
	0.2
	0. 2
	0.3
	0.3

	Zhalpaktal
	
	1.3
	0.5
	0.3
	0.4
	0.4

	Urda
	
	1.0
	0. 2
	0.2
	0.2
	0.3

	Atyrau
	
	0.9
	0.2
	0.3
	0.3
	0.4

	Fort-Shevchenko
	
	0.5
	0.1
	0.2
	0.1
	0.2

	Ganyushkino
	
	0.8
	0.2
	0.1
	0.2
	0.2

	Tushibek*
	
	03
	0.1
	0.2
	0.2
	0.1

	Beyneu
	
	0.7
	0.2
	0.2
	0.1
	0.4

	Uil
	
	0.8
	0.1
	0.1
	0.2
	0.2


* - data since  1955
Precipitation. A slight negative trend of the annual and autumn total precipitation for the period 1950‑2003 was observed at the most meteorological station in the Caspian Sea region of Kazakhstan (Table 1.4). To the contrary a slight increase in winter, spring, and summer rainfall was observed. 

Table 1.4   Linear Trend Coefficients for Total Precipitation (mm/10 years) for the Kazakhstan’s Caspian Sea region for the Period 1950-2003 

	Station
	Month
	Annual

	
	January
	April
	July
	October
	

	Taypak
	0.1
	1.8
	-0.7
	-2.3
	-6.5

	Zhalpaktal
	0.6
	0.9
	0.1
	0.1
	-5.0

	Urda
	1.3
	1.9
	1.4
	-0.7
	10.3

	Atyrau
	-1.0
	1.8
	-3.2
	-0.03
	-3.3

	Fort-Shevchenko
	0.2
	2.5
	-0.7
	-0.4
	-4.8

	Ganyushkino
	-2.6
	5.4
	1.4
	-0.3
	-10.1

	Tushibek*
	1.1
	-2.6
	2.0
	1.9
	10.7

	Beyneu
	-0.11
	-0.19
	-0.14
	-0.28
	-1.23

	Uil
	0.01
	0.21
	0.09
	-0.24
	-0.46


* - data since  1976
Such regime of rainfall on the background of significant temperature rise is an evidence of increase in climate aridness over the most part of Caspian Sea region in Kazakhstan.
1.2 Projections of climate change in the Caspian region

The results presented in this chapter are based on simulations made with global climate models. Climate change simulations are assessed for the period 1990 to 2030 and are based on the P50 scenarios – i.e., median of the SRES scenarios (IPCC Special Report on Emission Scenarios, see the Box below) for projected changes in greenhouse gas concentrations and sulphate aerosol loadings (direct effect). 

Methodology

A few Atmosphere-Ocean General Circulation Model (AOGCM) simulations include the effects of ozone and/or indirect effects of aerosols. Most integrations do not include the less dominant or less well understood forcings such as land-use changes, mineral dust, black carbon, etc. No AOGCM simulations include estimates of future changes in solar forcing or in volcanic aerosol concentrations.

	Box: The Emissions Scenarios of the Special Report on Emissions Scenarios (SRES)

A1. The A1 storyline and scenario family describe a future world of very rapid economic growth, global population that peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major underlying themes are convergence among regions, capacity building and increased cultural and social interactions, with a substantial reduction in regional differences in per capita income. The A1 scenario family develops into three groups that describe alternative directions of technological change in the energy system. The three A1 groups are distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources (A1T), or a balance across all sources (A1B) (where balanced is defined as not relying too heavily on one particular energy source, on the assumption that similar improvement rates apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describe a very heterogeneous world. The underlying theme is self-reliance and preservation of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing population. Economic development is primarily regionally oriented and per capita economic growth and technological changes are more fragmented and slower than in other storylines. 

B1. The B1 storyline and scenario family describe a convergent world with the same global population, that peaks in mid-century and declines thereafter, as in the A1 storyline, but with rapid change in economic structures toward a service and information economy, with reductions in material intensity and the introduction of clean and resource-efficient technologies. The emphasis is on global solutions to economic, social and environmental sustainability, including improved equity, but without additional climate initiatives.

B2. The B2 storyline and scenario family describe a world in which the emphasis is on local solutions to economic, social and environmental sustainability. It is a world with continuously increasing global population, at a rate lower than A2, intermediate levels of economic development, and less rapid and more diverse technological change than in the B1 and A1 storylines. While the scenario is also oriented towards environmental protection and social equity, it focuses on local and regional levels.


There are many more AOGCM projections of future climate available than was the case for the IPCC Second Assessment Report (IPCC, 1996) (hereafter SAR). Some indication of uncertainty in the projections can be obtained by comparing the responses among models. The range and ensemble standard deviation are used as a measure of uncertainty in modeled response. The simulations are a combination of a forced climate change component together with internally generated natural variability. A number of modelling groups have produced ensembles of simulations where the projected forcing is the same but where variations in initial conditions result in different evolutions of the natural variability. Averaging these integrations preserves the forced climate change signal while averaging out the natural variability noise, and so gives a better estimate of the models’ projected climate change. 

AOGCMs can only be integrated for a limited number of scenarios due to computational expense. Therefore, a simple climate model is used here for the projections of climate change for the next century. The simple model is tuned to simulate the response found in several of the AOGCMs used here. The forcings for the simple model are based on the radiative forcing estimates, and are slightly different to the forcings used by the AOGCMs. The indirect aerosol forcing is scaled assuming a value of 0.8 Wm2 for 1990. Using the IS92 scenarios, the SAR gives a range for the global mean temperature change for 2100, relative to 1990, of 1 to 3.5°C. The estimated range for the six final illustrative SRES scenarios using updated methods is 1.4 to 5.6°C. The range for the full set of SRES scenarios is 1.4 to 5.8°C. The more recent results are generally obtained from models with improved parametrizations (e.g., better land-surface process schemes).

A more relevant measure of transient climate change is the transient climate response (TCR). It is defined as the globally averaged surface air temperature change for AOGCMs at the time of CO2 doubling in 1%/yr CO2 increase experiments. The TCR combines elements of model sensitivity and factors that affect response (e.g., ocean heat uptake). It provides a useful measure for understanding climate system response and allows direct comparison of global coupled models. The range of TCR for current AOGCMs is 1.1 to 3.1°C with an average of 1.8°C. The 1%/yr CO2 increase represents the changes in radiative forcing due to all greenhouse gases, hence this is a higher rate than is projected for CO2 alone. This increase of radiative forcing lies on the high side of the SRES scenarios (note also that CO2 doubles around mid-21st century in most of the scenarios). However these experiments are valuable for promoting the understanding of differences in the model responses.

The median of the SRES scenario(P50) has been integrated with five AOGCM by using the MAGICC/SCENGEN software.  MAGICC (Model for the Assessment of Greenhouse-gas Induced Climate Change) is a set of coupled gas-cycle, climate and ice-melt models that allows the user to determine the global-mean temperature and sea-level consequences of user-specified greenhouse gas and sulphur dioxide emissions. MAGICC is designed for two main purposes: 

· to compare the implications of a 'policy' emissions scenario with a 'reference' scenario in order to see how effective a specified emissions control policy is relative to a baseline 'no climate policy' case. 

· to determine the sensitivity of results to model parameter changes. This may be done by comparing results for a given emissions scenario for a user-specified set of parameters with those for a default set of parameter values. 

MAGICC generates a set of interface files for SCENGEN which contain a number of global warming curves for the period 1961-2100. SCENGEN uses these global warming values to scale the AOGCM patterns of climate change. Exactly which of these curves is used in a given climate change scenario creation depends on the user selections. 
SCENGEN uses the scaling method of Santer et al. (1990) to produce spatial patterns of change from an extensive data base of atmosphere/ocean GCM (AOGCM) data. The scaling method is based on the separation of the global-mean and spatial-pattern components of future climate change, and the further separation of the latter into greenhouse-gas and aerosol components. Spatial patterns in the data base are ‘normalized’ and expressed as changes per 1oC change in global-mean temperature. These normalized greenhouse-gas and aerosol components are appropriately weighted, added, and scaled up to the global-mean temperature defined by MAGICC for a given year, emissions scenario and set of climate model parameters. For the SCENGEN scaling component, the user can select from a number of different AOGCMs for the patterns of greenhouse-gas-induced climate. For the aerosol component there is currently only a single set of model results (from Michael Schlesinger). In the SCENGEN, all model data are from the Climate Model Intercomparison Project (control-run data, and data from perturbation experiments with 1% compound increasing CO2 concentrations – see Covey et al., 2003). Data from 17 models are included.

The model ensemble mean temperature and precipitation changes were calculated for Caspian Sea region. The model ensemble includes the СERF98 Model (CERFACS Centre), the CSI296 Model (Australia), the ECH498 Model (the Max-Planck-Institute for Meteorology, Hamburg, Germany), the CSM_98 Model (NCAR, USA), and the HAD300 Model (UK Met. Office's Unified Model). 

Results

The average annual mean temperature response from five AOGCMs using the SRES P50 forcing (Table 2.1) for the 30-year average 2016 to 2045 relative to 1961 to 1990 is 1.5 °C with a range of 1.4 to 1.7°C.  The regionally averaged winter and spring surface air temperature increase compared to 1961 with 1990 is 1.6°C with a range of 1.2 to 1.9°C, while increase of  summer surface air temperature amounts to 1.5°C with a range of 1.3 to 1.6°C. The values for autumn for the 2030 (the middle of 2016 to 2045) are 1.3°C with a range of 1.2 to 1.6°C, these values are lower than for other seasons.

Table 1.5 Changes in air surface temperature (Celsius degree) for the 30-year average 2016 to 2045 relative to 1961 to 1990 for Caspian Sea region in Kazakhstan

	
	Season

	
	Spring
	Summer
	Autumn
	Winter
	Annual

	Average
	1.5
	1.6
	1.5
	1.3
	1.6

	Maximum
	1.6
	1.8
	1.6
	1.6
	1.9

	Minimum
	1.4
	1.3
	1.3
	1.3
	1.2


The average annual total precipitation response using the SRES P50 forcing (Table 2.2) for the 30-year average 2016 to 2045 compared with 1961 to 1990 is an increase of 2.0% with a range of 0.7 to 3.3%. For winter season it amounts to an increase of 4.3% with a range of 3.6 to 5.9%. The lower precipitation increase values are 1.9% with a range of -1.0 to 5.4% which were observed in spring. The regionally averaged summer total precipitation increase compared to 1961 with 1990 is 5.4% with a range of  -12.8 to 44.9%, while increase in  autumn  total precipitation amounts to 3.7% with a range of  -3.9 to 9.3%. 

Table 1.6 Changes in total precipitation (%) for the 30-year average 2016 to 2045 relative to 1961 to 1990 for Caspian Sea region in Kazakhstan

	
	Season

	
	Spring
	Summer
	Autumn
	Winter
	Annual

	Average
	1.9
	5.1
	3.7
	4.3
	2.0

	Maximum
	5.4
	44.9
	9.3
	5.9
	3.3

	Minimum
	-0.9
	-12.8
	-3.9
	3.6
	0.7


For reference the mean change and the range in global average surface air temperature (SAT) for the 1961 to 1990 average to the mid-21st century (2021 to 2050) for SRES is 1.1°C with a range from 0.5 to 1.4°C, and for the SRES marker scenario B2, the mean is 1.2°C with a range from 0.5 to 1.7°C. For the end of the 21st century (2071 to 2100), for the SRES marker scenario A2, the global average SAT change from AOGCMs compared with 1961 to 1990 is 3.0°C and the range is 1.3 to 4.5°C, and for B2 the mean SAT change is 2.2°C and the range is 0.9 to 3.4°C. 

2 Assessment of Vulnerability and Impacts of Kazakhstan Part of the Caspian Sea Region to Climate Change 

This Chapter presents the analysis of main results of Kazakh-Netherlands project “Kazakhstan Climate Change Study” that was supported by Netherlands Climate Change Studies Assistance Program (NCCSAP) and Kazakhstan-Danish project “Forecasting of Floods and Protection System of Atyrau region against Floods in the Caspian Sea Zone” (United Nations Development Program).
2.1 Social and Economic Development Scenarios for Kazakhstan Part of the Caspian Sea Coastal Sector

The Kazakhstan Caspian Sea coast disposes of large mineral resources, comprising large oil and gas reserves, building materials and other. The population of the coastal zone numbers 616 thousand, comprising 77% of the population of Atyrau and Mangistau regions.

Along the coast important industrial complexes have been established, consisting of oil and gas exploration and refining, mining, chemical, construction, power and fish industry enterprises. The largest enterprises are situated mostly near the cities of Atyrau and Fort-Shevchenko, near the workers village of Kulsary and on the Buzachi peninsula. The transport and engineering infrastructure, agriculture is well developed.

At present large importance is attached to further economical development on the basis of a more intensive exploitation of the hydrocarbon resources in the Pricaspian region of the Kazakhstan Republic. The Caspian Ecological Program contains information concerning a planned increase of the extraction of oil up to 60 million tons annually in the year 2014. In addition, in a more distant future the Economic Stabilisation Program annually plans an increase up to 100 million tons. There are plans to construct two oil processing plants, in the Tengis field and on the Mangyshlark peninsula A considerable part of the extracted oil will be exported. The construction of the Tengis - Novorossiysk oil line was started in May of the year 1999 and will be finished in the summer of the year 2001. Various routes to transport the oil to suitable seller's markets have been examined. The western route will run across Azerbaijan and Georgia to the Black Sea and across Turkey to the Mediterranean. In southern direction access will be sought to the Persian Gulf, crossing Turkmenistan and Iran, or to the Arabian Sea, crossing Uzbekistan, Turkmenistan, Afghanistan and Pakistan. The eastern route will end in China.

Because of the foreseen growth of sea transport, large sea ports in the city of Atyrau and in Bautyno village have been planned.

The Technical-Economic Report on the Protection of the Kazakhstan Coastal Zone of the Caspian Sea also advises construction of a railway line between Inder and Alexandrov Gay in order to provide connection with Russia, construction of two additional water conducts from the Volga river to Tengiz and Mangyshlak, development of new sewage treatment plants and expansion of grazing areas.

Foreign capital will play its role in the development of the region. Representatives of large international companies like “British Gas“, “British Petroleum”, “Mobil Oil Kazakstan“, “Agip”, “Total”, “Shell”, and “Tengizchevrol” have been attracted to prospect for new oil and gas fields. The Government insists on a high degree of environmental concern to ensure execution of all measures necessary for prevention of environmental pollution, for cleaning and utilisation of bore fluids and for solving other ecological problems in the region.

In summary, there are good prospects for considerable economic growth along the shores of the Caspian Sea in the Republic of Kazakhstan.

2.2 Vulnerability and Impacts Assessment

Past and present sea level rise

The Caspian Sea is the largest enclosed water reservoir of the globe (Figure 2.1). Its surface area is more than 390 thousand km2, the head water area measures about 3.1 million km2. The total length of the Caspian coastal line is 7 thousand km, of which 2.3 thousand km lies within the territory of Kazakhstan. The Volga, Kura, Ural, Terek, Sulak, and Samur Rivers and a number of smaller streams, the majority of which carry water only after abundant rainfall, flow into the sea. Quasi-periodical, cyclic fluctuations of the sea water level mainly due to climatic factors are well known phenomena. The amplitude of these fluctuations has been about 7 m for the last 450-500 years.

From 1978 to 1995 the Caspian sea level has been on the rise. During this time the sea level increased by 2.5 m, reaching a level of minus 26.6 m by the beginning of 1996. The average rate of increase in this period was about 14 cm/year. The highest increases were observed in 1979 (0.31 m), in 1990 (0.36 m.), in 1991 (0.29 m) and in 1994 (0.28 m). In 1995 the increase slowed down, and in 1996-1997 the level even declined because of low rainfall in the Volga river basin. At the end of 1997 and in 1998 the sea level was stable at the minus 27 m level.

The Kazakh Research Institute for Environment Monitoring and Climate (KazNIIMOSK) has developed a water balance model for the calculation of sea water levels. The model allows determination of the sea level on the basis of river water inflow, water consumption changes in the basin, evaporation, precipitation and sea water runoff to the Kara Bogaz Gol gulf. The calculated values of the Caspian Sea level form the basis for the design of hydrotechnical constructions, industrial enterprises and other economic development projects in the coastal zone. This issue is of a great importance because using incorrect water level values for design will often necessitate large additional expenditures.

Investigations and calculations carried out have shown that under present climate conditions and with a water consumption in Caspian Sea basin equal to 40 ‑ 45 km3/year, the sea level may reach the minus 26 m level with an 1% probability (once in 100 years) and the minus 25 m level with an 0.1% probability (once in 1000 years). They also have shown that if water consumption in the Caspian Sea basin would be absent the sea level would be 1.5-1.6 m above the current level.

Influence of man induced climate change 

It is unreasonable to make important economic decisions on the assumption that the climate in the future would not significantly change. Therefore it will be necessary to estimate the influence of forthcoming climate changes on the water balance elements of the Caspian Sea.

The estimation of the Intergovernmental Panel on Climate Change (IPCC) shows, that for the last 100 years the average annual air temperature on our planet has increased by more than 0.5 oC. According to investigations a global temperature rise could be expected amounting to 1 oC around 2005, 2 oC in 2025 and 3-4 oC in 2050. This temperature increase may lead to increased runoffs, precipitation and also evaporation.

In order to estimate possible Caspian Sea level changes the following scenarios of climate change have been used, based on General Atmosphere Circulation models: CCC (Canadian climatic centre), GISS (Goddard Institute for Space Researches, USA), UKMO (Meteorological Agency of the United Kingdom), GFDL, GFDL-T (Geophysical laboratory of dynamics of liquids of Princeton University, USA). The characteristics of air temperature and precipitation change in the Caspian basin, calculated with these models, may be used for determination of the Caspian Sea level in the future.
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Figure 2.1: Caspian Sea basin
Calculations of the anthropogenic climate change effects under doubling of the CO2 concentration in the atmosphere in the middle of next century, show that the averaged annual air temperature may increase by 4.5‑6.4 oC and precipitation will fluctuate from 81‑127 mm (GFDL and CCC models) to 175‑196 mm (UKMO and GISS models). The models forecast an mean annual air temperature increase in the Caspian Sea area of 3.7‑4.9 0C, while the annual precipitation will increase by an average of 52 mm (the GFDL, CCC and UKMO models) or decrease by 4-8 mm (the GISS model).

The Volga river run-off and evaporation

The Volga is the largest river running into the Caspian Sea. The Volga River runoff under influence of the forecasted climate change was calculated using the water balance model of the State Hydrological Institute of the Russian Federation (SHI). For this assessment an equation was developed defining the differences between the values of the Volga River annual runoff forecasted under the future climate change and the runoff values under present climatic conditions. In this manner the Volga River runoff was found to increase from 71 km3 to 133 km3 in a year. Changes in runoff of other rivers flowing into the Caspian Sea were defined taking into account that the Volga River contributes 80% of the total runoff. A minimum runoff value was obtained using the GFDL model, while the UKMO model gave maximum runoff values.

The general atmosphere circulation models were used for definition of the changes in the values of precipitation and evaporation from the Caspian Sea surface under the anthropogenic climate change. Calculations showed insignificant changes in precipitation: from minus 4-8 mm (by the UKMO, GFDL, CCC models) to 52 mm (by the GISS model). The annual evaporation change was calculated taking into account the air temperature changes, it corresponds to 180-239 mm. In this case effective evaporation (evaporation minus precipitation) may increase to 158-243 mm under the conditions of the anthropogenic climate change.

The Caspian Sea level

Results of calculations of changes in runoff and effective evaporation in the Caspian Sea under anthropogenic climate change were used for modeling changes of the sea level for the first half of the XXI century. According to the SHI the water consumption in the Caspian Sea basin by the end of the eighties reached 40 km3 per annum. In the mid nineties the water consumption was down to 30 km3 per annum owing to the general decrease in economic activity. According to SHI this level of water consumption will be maintained till the year 2000, after which a gradual increase will take place to 40 km3 per annum in the year 2020, thus returning to the level of the eighties.

The results of the model show that a doubling of the carbon dioxide concentration in combination with an annual water consumption of 40 km3, may cause a rise of the Caspian Sea level with an 0.1% frequency of 4.7 m according to the CCC model, of 6.4 m according to the UKMO model, and of 1.0 m according to the GFDL model.

It follows that the level of the Caspian Sea may increase to 5 m (Figure 2.2) relative to its present value (minus 27 m) as a result of the climate change, expected for the middle of the XXI century. In this conditions the probability of the Caspian Sea level rising up to the minus 25 m level taking into account the forecasted water consumption in the Caspian Sea basin will gradually increase. This process will increase the probability of a catastrophic flooding of the Caspian Sea coastal zone in the Pricaspian countries in the middle of the next century.
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Figure 2.2: Caspian Sea and its coastal zone
-(- - coast line of the sea at a mark of minus 22 m.
Influence of storm surges

The expected Caspian Sea level rise in combination with storm surges (or wind set-up) will cause high sea water levels. An evaluation of this effect was conducted using a hydrodynamic model for simulation of storm surges, a Danish Module MIKE 21 adapted to the Caspian Sea conditions by KazNIIMOSK. This simulation permitted to allocate specific surge heights to various zones along the Caspian Sea, and to evaluate the subsequent coastal flooding for three values of the background sea level: minus 27.0 m, minus 25.0 m and minus 22.0 m. It was found that the duration, height and intensity of the wind set-up will be increased by 18-20% by the Caspian Sea level rise.

Moreover the coastal zone will be flooded over a width of 30-50 kilometres as a result of a sea level rise till minus 22 m in combination with a storm surge, because of the low level of the Pricaspian Lowland. The eastern coast of the Northern Caspian including the Lower Emba River is the most vulnerable zone. The wind set-up height in this region will increase to 3 m and the sea water will penetrate into the coastal zone over a distance of 50 km. This catastrophic flooding of considerable areas will also lead to the wash off of large amounts of the polluting substances into the Caspian Sea.

Ground water table rise

The expected sea level rise will cause an increase of the groundwater level in the coastal zones. This influence was evaluated by the Institute of Hydrogeology and Hydrophysics. Their assessment showed that an increase of the ground water level will take place in the coastal zone over a width of 5 -10 km. The groundwater level will increase in general by 0.3-0.5 m; only near the coast line the increase will amount to 1-2 m, in a few places to 3 – 4 m.

The sea levels and the coastal zone relief of the Caspian Sea are the main factors determining the width of the affected zone. Other important factors are the hydrogeological conditions in the coastal zone, such as filtration characteristics, soil moisture content, groundwater reservoir capacity and the slope of the ground water table. Also the wind set-up phenomena exert a certain influence on the groundwater level regime of the Caspian coast.

3 Adaptation Measures
This Chapter presents the analysis of main results of Kazakh-Netherlands project “Kazakhstan Climate Change Study” that was supported by Netherlands Climate Change Studies Assistance Program (NCCSAP) and Kazakhstan-Danish project “Forecasting of Floods and Protection System of Atyrau region against Floods in the Caspian Sea Zone” (United Nations Development Program).
3.1 Proposed Adaptation Measures

Flooding of the coastal zone

The development of the natural resources of the coastal zone is accompanied by a number of negative socio-economic and ecological consequences due to the present sea level rise and storm surges. These consequences comprise flooding and increase of groundwater levels in extensive areas of the coastal territory, causing damage and destruction to protective structures, settlements, infrastructure and industry, in combination with negative impacts on the environment. As a result, many coastal areas are significantly damaged, sea and ground water are polluted and sanitary conditions for the people are deteriorated.

For example, the economic damage due to the rise of the Caspian Sea water level to the minus 27 m level during the last decade has been estimated at US $1.1 billion. One million ha of land was flooded, comprising 357 thousand ha of agricultural land. Large areas are now under the threat of storm surge flooding, including the city of Aktau, Bautino village, 23 settlements (20 in the Atyrau and 3 in the Mangistau region) and 28 oil and gas fields.

A further sea level rise will result in flooding of new territories, settlements and industrial enterprises. Most of them are located in the Atyrau region.

The length of the existing sea defences or dikes (330 km) is not sufficient for an adequate protection of the territories exposed to flooding. In addition, many of these dikes have not been completed. The majority of them have design deviations in size and slope arrangement.

Proposed coastal protection plan

A concept plan for coastal protection has been described in the Technical-Economical Report on the Caspian Sea Problems, taking into account the Caspian Sea characteristics, the value of infrastructure and industrial facilities, the duration of a specific sea level, the value of lands, the value of manufacturing and other economic and financial activities. The main aspect of this approach is a step-by-step adaptation during the next two decades. It is based on the principle of a reasonable sufficiency for coastal protection, allowing to spread investments, thus exerting minimum pressure on the economy of the region and of Kazakhstan. This stepwise adaptation will comprise a selection of optimum sizes of defending constructions depending on the sea level. It will be a phased build-up of height and length of dikes when and where required.

The adaptation period is divided in two stages. During the first stage the coastal zone will be protected from a combination of a sea level rise up to the minus 26 m level and wind set-up. During the second stage protection will be provided for sea levels increasing from minus 26 m to minus 25 m. The first stage will approximately be finished in the year 2010, while the second stage will last until the years 2025-2030.

Construction of sea defences (dikes)

The main part of the land, which will be flooded, has little economic value. Therefore a continuous protection is only appropriate for the more developed parts of the coastal zone. This concept of protection foresees a reconstruction of existing and the construction of additional protection structures including frontal and ring type sea defences or dikes. New defences are recommended to be built on the coast along the minus 26 m contour line. An important part of the planned adaptation measures aims at providing drainage systems for surface and ground water accumulating in the areas behind the dikes.

The city of Atyrau, a regional centre, and its suburbs will be defended by a small ring dike at the minus 26 m level, provided with a stone protection. The city will be connected to the hinterland by a raised embankment. In the territory behind the dikes a drainage system will be constructed. The protection plan envisages construction of a reinforced concrete parapet along the dikes in the case of a further sea level rise up to the minus 25 m level. To prevent a set-up of the Ural River water and to control river flood waters construction of two low-head dams is recommended. The population of the zone which will be defended with a ring dike numbers 159 thousand at present.

Most settlements of the Atyrau region, subject to flooding will be protected by dikes. The protection system of the settlements in the Mangistau region will consist of a ring dike protecting the city of Aktau. A frontal dike will defend the settlement of Kuryk. The Akshunkar, Kalamkas and Karazhanbas settlements will be protected by construction of earthen dikes.

Relocation of settlements

There are some settlements in the coastal zone for which provision of full protection would be more expensive than relocation to other areas. This will affect approximately 8.7 thousand people from 17 settlements in the Isataysky and Makhambetsky region, and 2 small settlements in the Kurmangazinsky region (see Table 3.1). In the villages to be constructed all necessary infrastructure will be created.

Protection of oil and gas exploration facilities and infrastructure

Oil fields will be protected by construction of both frontal and ring dikes. Frontal protection is planned for the following oil fields: Tengizskoe, Korolevskoe, Kara-Arna, Kalamkas, Karazhanbas, Severnoe Buzachi. For oil fields with small deposits complete extraction of available oil is recommended in the immediate future. These oil fields are: Zaburunie, Kamyshitovoe Yugo-Vostochnoe, Rovnoe, Gran, Novobogatinskoe, Zhlgiztobe, Karaturun, Nsanovskoe. Exploitation of oil fields in flooded areas cannot be ruled out. In shallow water raised mounds may be constructed, while in deeper water pile platforms may be used.

Industrial enterprises in other sectors of the economy (mainly enterprises for processing of agricultural and fishery products) are located mainly in regional and district centres. They will therefore be protected together with the settlements, mainly with frontal dikes. New industrial facilities should be built in areas that will not be affected by the sea.
Table 3.1: Relocation of settlements in the Atyrau Region
	Settlement
	Population, Persons
	Settlement
	Population, Persons

	Kurmanghazinsky region
	Manash
	107

	Fishery oriented settlements
	955
	Augairan
	49

	Separate houses or clusters houses
	1,630
	Total in region
	6,022

	Total in region
	2,585
	Makhambetsky region

	Isataysky region
	Tumanny
	361

	Zhanbai
	3,785
	Toman
	176

	Isatay
	1,268
	Peshnoi
	126

	Zaburunie
	553
	Kzylzhar
	109

	Naryn
	437
	Martyshi
	103

	Amangeldy
	227
	Zaroslyi
	48

	Yeserkep
	210
	Sokolok
	20

	Shynybek
	206
	Total in region
	943

	Shalik
	180
	Total on the coast
	8,700


Protection of agriculture and fishery resources

About 270,000 hectares of agricultural land will be separated from the sea after the planned protection of settlements, oil- and gas-fields and other facilities and infrastructure. In order to compensate already lost agricultural or pastural lands and lands that will be flooded in the future, creation of new irrigated areas amounting to 56.4 thousand ha and 767 thousand ha of arid pastures is planned in non-threatened areas. The Ural and Emba Rivers together with two arms of the Volga River (Kigach and Ahtuba) may be used as water source.

The main task concerning fishery resources is to provide stable conditions for reproduction of fish stock. In this case an increase of flooded areas is a favourable but insufficient factor. The following measures would promote implementation of this task:

· Reconstruction of natural breeding grounds by means of flooding of additional areas and maintenance of a favourable water and temperature regime for fish generation in the Volga and Ural River deltas;

· Artificial reproduction of fish in fish farms;

· Preventing of river and sea water pollution.

Protection of transport infrastructure

Both local and more complex measures are planned for the protection of transport infrastructure. Local measures include:

· Construction of a ring type drainage system around the perimeter of airdromes (Atyrau city airport);

· Reinforcement of the Astrakhan-Atyrau, Astrakhan-Makat and Kulsary-Tengiz railway slopes at some sections;

· Relocation of a 40 km section of the Kulsary-Tengiz railway;

· Construction of protective embankments at some sections of the Astrakhan-Atyrau railway;

· Coastal protection reinforcement and reconstruction of port facilities (the Aktau and Bautino sea ports).

More complex measures include: construction of transport corridors on lands exposed to flooding in the form of strengthened dike-roads, provided with sufficient width to allow construction of oil- and gas pipelines inside these dikes in ducts or on top. All types of communications would be protected simultaneously. Dike-roads will connect settlements and oil fields. A new road network will compensate for the loss of existing roads.

It is planned to reorient local air transport from planes to helicopters. Construction of helicopter landing pads with artificial cover and passenger facilities are planned as well, in combination with reconstruction of existing landing pads at oil fields.
Protection of utilities

Stable fresh water supply to the population and to industrial facilities in the coastal zone is an important part of the planned adaptation measures in case of a further rise of the Caspian Sea level. The following measures are proposed:

· To relocate the intake and water purification facilities from the zone threatened by flooding at the Kigach tributary of the Volga River delta. To start construction of a new water pipeline from the Volga River to the Kulsary settlement through areas not affected by the Caspian Sea;

· To put into operation a new water pipeline from the Volga River before flooding of the existing Kigach-Mangyshlak water pipeline occurs;

· To construct a water supply network along protected main roads or in the dikes;

· To relocate water purification stations into the areas that will not be affected by sea water flooding;

· To build a new water purification station in order to supply the city of Atyrau with fresh water from the Ural River;

· To place on a dike a 35 km section of the Sai-Utes-Karazhanbas pipeline which is used for water supply to the Buzachi peninsular;

· To transfer a 230 km section of the Samara-Uzen water pipeline to an area inaccessible for the sea, in order to supply the Ural region with industrial water.

Power stations, and heat, gas and electricity distribution networks will be protected in conformity with the plans for protection of settlements and enterprises. New power lines will be constructed in non-flooded areas or along dike-roads, respectively inside the dikes.

Conclusions

Thus, the recommend general plan for protection of the coastal areas from flooding consist of a broad range of adaptation measures. Its basis approach is the construction of frontal and ring dikes whose length will be increased from 330 km to 1206 km. Industrial enterprises, main oil- and gas fields, 92 settlements, 270 thousands ha of agricultural lands, and transport and social infrastructure will be protected. Protection of the population and the economic infrastructure threatened by flooding in case of a sea level rise to minus 26 m is an absolute necessity. This first stage protection will necessitate enlarging the existing sea defences to a total length of 1,148 km.

3.2 Costs and Effectiveness of Adaptation Measures

The recommended adaptation measures will cost about US $6.4 billion. The grater part of this sum (US $4.9 billion) will be used for the first stage. This equals an annual expenditure of about US $440-490 million for the preliminary protection of 72 of the total of 92 affected settlements and also relocation of 14 of the 19 settlements under consideration (see Table 3.2).

Table 3.2 shows a breakdown of the necessary investments according to their use. These uses include housing and construction of social infrastructure for the relocation of population; construction of irrigation systems for the agricultural sector; road-and transport construction; provision of water lines and oil-and gas pipelines; defence of a seashore by dikes. The most expensive part of the adaptation measures relates to protection of settlements, important economical objects, oil-and gas fields and existing transport infrastructure. This expenditure corresponds to 80% of all investments (US $5.1 billion) including about US $3.8 billion for the first stage.

Table 3.2: Necessary Investments for Adaptation Measures
	Item of investment
	Investment (US$ million)

	
	First Stage
	Second Stage
	Total

	Construction of housing and social infrastructure
	315
	
	315

	Agricultural sector
	180
	191
	371

	Road construction
	416
	
	416

	Utility networks
	90
	
	90

	Engineering protection
	3,815
	1,316
	5,131

	Contingencies and other expenditures
	56
	
	56

	Total
	4,872
	1,507
	6,379


Table 3.3: Discounted planned investments

	Item of investment
	Investment (US$ million)

	
	First Stage
	Second Stage
	Total

	Construction of housing and social infrastructure
	233
	
	233

	Agricultural sector
	133
	141
	274

	Road construction
	308
	
	308

	Utility networks 
	67
	
	67

	Engineering protection
	604
	975
	1,578

	Contingencies and other expenditures
	41
	
	41

	Total
	3,609
	1,116
	4,725


Table 3.4. Estimated economic damage to the economy (in US$ million)
	Branch of economy
	Range of sea level change (m)

	
	From -27 to -26
	From -27 to -25
	From -27 to -22

	Industry
	461
	2,075
	2,306

	Oil production
	375
	975
	1,690

	Power
	351
	1,578
	1,753

	Transport and communication
	2
	590
	981

	Agriculture
	1,238
	4,953
	5,513

	Social infrastructure
	401
	1,603
	1,799

	Oil and gas pipelines
	6
	93
	182

	Total
	2,833
	11,867
	14,224


The discounted planned investments are presented in Table 3.3. The discount rate is equal to 35%.

Table 3.4 below presents the economic damages to various branches of the economy caused by further sea level rise.

These damages were determined using generally accepted methods, taking into account the losses of fixed capital in the various branches of the economy, land resources and minerals mining. In addition, the damages included expenses required for replacement of flooded manufacturing facilities, habitation, public health services, and trade, social and cultural facilities by new construction. Damages to the oil- and gas industry were defined on the basis of the difference between the cost of raw material extracted from beneath the sea or mined on land. This difference amounted to US $7 per ton.

Comparison of the expected damages in the case of a sea level of minus 25 m (Table 3.4) with the investments required for the second adaptation stage (Table 3.2), required for preventing this damage, shows a difference of about US $5.5 billion. This difference forms only a small part of the profits to be derived from the recommended adaptation measures, under the condition that oil fields threatened by flooding will be exploited obligatory. Exploitation of this fields will create revenues amounting to more than US $5,000 billion.

4 Conclusions

The gradual increase of the Caspian Sea level since 1978 has brought considerable damage to the Kazakhstan’s sector of the sea shore. When the sea level reached the minus 27 m level the damage amounted to US $1.1 billion. Due to the expected climate change in the next century the sea level will increase to higher levels. According to the existing climate change models, if the carbon dioxide concentration in the atmosphere is doubled, the sea level may reach the minus 22 m level and higher by 2050, increasing significantly the damage to the economy of the seashore. If the sea would attain the minus 26 m, minus 25 m and minus 22 m levels respectively, the damages would amount to US $2.8 billion, US $11.9 billion and US $14.2 billion. The existing protective structures are insufficient to prevent flooding of new areas, settlements and economically important facilities.

The strategy for protection of Kazakhstan’s sector of the Caspian seashore from further rise of the sea in order to ensure the safety of the population should take into account various characteristics of the seashore, the influence of raised sea levels on economic activities, the duration of possible sea level increases, the importance of industries, the land values, and economic and financial priorities. Based on these considerations a protection plan has been developed that allows for step-by-step investments by instalments with minimum pressure on the economy. This concept plan includes:

Sea defences (dikes)

Protection of 92 settlements including the cities of Atyrau and Aktau together with their industrial enterprises and power, heat and gas networks by frontal and ring dikes.

Reconstruction of existing and construction of additional dikes along the minus 26 m contour line.

Full protection for areas with a great number of economic activities, settlements and valuable lands; ring type protection for separate establishments elsewhere

The following heights of storm surges should be considered in reconstruction of existing and construction of new dikes: 1.75-1.95 m for the northern coast of the Caspian Sea, 2.00-2.60 m for the eastern coast of the Caspian Sea, 1.29-2.19 m for the Buzachi peninsula and 0.85-1.21 m for the Mangyshlak peninsula coast.

Phased realisation of the measures, selection of optimum dimensions of defences with gradual height increases and extensions of the length of the defences, when necessary.
Drainage systems

Construction of drainage systems for the areas behind the sea defences in order to prevent water accumulation behind the dikes because of filtration of sea water through these dikes.

Construction of a ring type drainage system around Atyrau airport and behind sea defences to remove surface and ground water.

Relocation of people

Relocation of about 9,000 people living in separate houses and in 19 settlements of the Isataysky, Makhambetsky and Kurmangazinsky districts of the Atyrau region to safe areas, because their protection is more expensive than relocation.

Utilities

Construction of power, heat and gas supply infrastructure for shifted settlements.

Removal of water intake and water purification facilities from the Kigach branch in the Volga River delta, which zone will be flooded, and construction of a new water pipeline from the Volga to Kulsary along areas not affected by the sea.

Construction of new water purification station to supply the city of Atyrau with fresh water from the Ural River.

Relocation of 230 km of the Samara–Uzen water pipeline, supplying industrial water to the Uzen oil field to an area that cannot be affected by the sea.

Relocation of 35 km of the Sai–Utes–Karazhanbas water pipeline, supplying the Buzachi Peninsula, on a dike.

Industrial facilities

Complete extraction of available oil at small oil fields (Zaburunie, Kamyshitovoe Yugo-Vostochnoe, Rovnoe, Gran, Novobogatinskoe, Baichunas, Tentyaksor, Sagiz, Tazhigali, Dosmukhambetovskoe, Zhalgiztobe, Karaturun, Nsanovskoe) before they are flooded.

Protection of other oil fields, either with frontal or ring type dikes, both protected or unprotected.

Construction of new industrial facilities in areas that cannot be affected by the sea.

Agriculture and fishery resources

Compensation of lost agricultural lands by new irrigated lands, size 56,400 hectares, and additional provision of 767,000 hectares of arid pastures. 

Maintenance of stable conditions for fish generation through restoration of natural breeding grounds, artificial fish reproduction in fish farms, preventing of river and sea water contamination.

Transport infrastructure

Construction of transport corridors in the form of dikes or embankments, with oil and gas pipelines running on top or in ducts, in areas liable to flooding.

Construction of protective embankments, enforcement of the slopes of dikes and railways in those areas that may be affected by the sea.

Relocation of 40 km Kulsary–Tengiz railway on top of a dike.

Reorientation of local air transport away from planes to helicopters, construction of helicopter landing pads with artificial cover and of passenger facilities.

Reinforcement of the shore and reconstruction of port facilities at Aktau and Bautino.

The recommended measures will provide protection for the majority of settlements, main oil and gas fields, industrial facilities, roads and the most valuable agricultural lands. In addition the measures will compensate for forage losses in flooded and in unprotected areas, and will provide the population and industrial enterprises with the necessary utility services, including drinking water of proper quality. The first stage expenditures (till the year 2010) will amount to approximately US $4.9 billion, which will amount to an annual expenditure of US $440-490 million. Total expenditures for all measures till the period 2025-2030 will reach US $6.4 billion. It is stressed that a large portion of these costs is destined for protection of the oil and gas industry facilities.

The measures described above can be realised by budgetary means, through attraction of foreign investments and through funding by various branches of the industry, the oil and gas industry in the first place.

It should be noted that the conclusions about the possible increase of statistical characteristics of the Caspian Sea level during the first part of the XXI century are preliminary. Further studies are required. They should aim at using improved GCMs, and more detailed assessment of runoff changes of the Ural River and of other rivers of the Caspian Sea western coast (Kura, Terek etc.) for near and future climate changes.

In addition, it’s necessary to obtain precise data on the moment of transition of the statistical characteristics of the Caspian Sea level from current climate to the conditions of anthropogenic climate change caused by the CO2 concentration doubling in the atmosphere. Also it’s important to make a more detailed assessment of the storm surge characteristics and ground water level increase in the coastal zone. These studies will allow further clarification of the necessary adaptation measures to protect the coastal economy against possible disastrous sea level rise and to assess the required expenditures.
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