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Abstract
The Republic of Kazakhstan, located in Central Asia, has experienced many years of environmental degradation, largely as

a result of the poor management of its significant natural resources. In this survey, data relating to different environmental

factors are critically analysed in order to understand the state of the environment. It was found that: warming trends are

seen in sensitive areas (e.g. the steppe and near glaciers); drying trends are seen where there is already water stress (e.g. the

Aral Sea); air quality has been declining recently (following improvements on the decadal timescale) in major urban

centres, particularly Almaty; water quality appears to be improving in some areas (e.g. important lakes in the Aktobe and

Zhambyl regions); and levels of exposure to radioactivity are below internationally recommended levels (where data have

been found). More generally, there is an issue with data availability and quality, which requires attention if Kazakhstan is

going to make the best use of its increasing investment in environmental actions. Current policies are reviewed and

recommendations are made for future interventions.

Keywords Central Asia � Climate change � Air pollution � Water quality � Environmental policy � DPSIR

Introduction

The Government of Kazakhstan has stated that the aims of

the United Nation’s Sustainable Development Goals

(SDGs) ‘‘coincide with the priorities of Kazakhstan’’

(Abdrakhmanov 2016). Implicit in this statement is that the

nation is committed to delivering good health for its citi-

zens (SDG3), clean water (SDG6), to take action on cli-

mate change (SDG13) and to sustainably manage life and

resources below water (SDG14) and on the land (SDG 15).

The first step in achieving these goals is to understand the

current state of the environment and to identify where the

most action is required. That is the high-level aim of this

paper: to perform a spatial assessment of environmental

indicators available from Kazakhstan and to interpret these

data in terms of future needs for the country to make fur-

ther progress towards its goals.

Environmental Issues in Kazakhstan

Kazakhstan is a developing nation whose population and

gross domestic product (GDP) have been growing steadily
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since 2000 (Fig. 1; see Thomas (2015) for a more detailed

discussion of Kazakhstan’s development). It is the ninth

largest country in the world and is estimated to hold vast

reserves of many natural resources, including uranium,

chromium, lead, zinc, manganese, copper, coal, iron and

gold. However, health indicators such as life expectancy

are lagging behind nations with similar economies (WHO

2005, 2014). It is likely that this ‘‘health lag’’ is, to a large

extent, caused or aggravated by the poor state of Kaza-

khstan’s natural environment. This degradation has been

largely caused by lax environmental regulations, poor

enforcement of regulations and exploitation of its natural

resources. The key issues are:

1. Air quality—the energy, metallurgy, oil and chemical

refining industries emit around three million tonnes of

hazardous substances a year into the atmosphere

(WHO 1999; Kenessariyev et al. 2013).

2. Water quality—there is widespread pollution from

agricultural and industrial run-off (Jensen et al. 1997;

WHO 2005), but monitoring is not widespread.

3. Radioactive contamination—there were Soviet era

nuclear testing facilities in Eastern Kazakhstan—this

area has been described as an ‘‘environmental disaster

zone’’ (Government of Kazakhstan 1997)—and there

is significant uranium mining in the country (Dahl and

Kuralbayeva 2001).

4. The Aral Sea—the surface area of the sea has reduced

by about 88% since 1960 due to irrigation projects,

which have left behind plains covered in salt and toxic

chemicals that produce harmful dust (Micklin 2010).

5. Climate change—Kazakhstan has undergone large

temperature increases in recent years and it is expected

to continue warming, potentially leading to water

stress, soil degradation and desertification (IPCC

2013); and

6. Soil contamination—heavy metals, oil products and

coal dust contaminate the land around industrial

centres (Dahl and Kuralbayeva 2001).

These issues need to be understood in more detail and

addressed as a matter of urgency if Kazakhstan is to con-

tinue its rapid development without significantly damaging

the health of the population. In particular, with such a range

of problems, and a finite budget to implement environ-

mental remediation, mitigation and adaptation policies, it is

important to understand the impacts of different issues so

that this budget can be allocated efficiently and effectively.

Environmental Health

Whilst environmental conservation is an important goal in

itself, the general motivation here is principally one of

human health implications. Globally, the link between poor

environmental conditions and non-communicable diseases,

such as cardiovascular disease, is growing (Norman et al.

2013). Indeed, the main causes of mortality in Kazakhstan

are non-communicable diseases, such as cardiovascular

diseases (54%), cancer (15%) and respiratory diseases

(4%) (WHO 2014). These are all likely to have environ-

mental aggravations/causes, but the available data relating

to such problems have not been analysed in much depth.

Nonetheless, certain studies show concerning trends (e.g.

Kenessariyev et al. 2013; Kurmanbayeva et al. 2016).

Against this background, further investigations of the

specific environmental stressors that exist in Kazakhstan is

urgently required and addressed with this study.

Policy Interventions

Following the dissolution of the USSR, there have been

two major environmental laws introduced in Kazakhstan.

In 1997, the law on Environmental Protection came into

force. One aspect of this dealt with the pressing water

Fig. 1 a Population of Kazakhstan; and b gross domestic product

(GDP) of Kazakhstan. GDP is presented using purchasing power

parity rates (2011) and converted to international dollars
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problems in Kazakhstan and included fines for polluters

and excessive use of freshwater. Water efficiency measures

were also introduced. However, legislation relating to air

pollution was, at that point, still taken from Soviet era laws

(Dahl and Kuralbayeva 2001).

In 2007, the Environmental Code of the Republic of

Kazakhstan sought to consolidate most of the existing

environmental legislation. It also introduced more general

factors such as the principles of sustainable development,

mandatory Environmental Impact Assessment (EIA) pro-

cesses, and emissions reduction targets and procedures. A

systems of permits and licences for air pollution, water

pollution and greenhouse gas emissions were also devel-

oped and implemented.

Specifically on international climate change agreements,

Kazakhstan was one of the last signatories to ratify the

Kyoto Protocol (2009), but signed and ratified the Paris

Agreement in 2016.

Overall, progress has been made on environmental

protection and the budget for environmental protection

measures has quadrupled since 2005 (Fig. 2), but further

work is required to efficiently remediate damage that has

been done in the past.

Aims of the Study

The survey presented here focuses on the compilation,

critical analysis and contextualisation of reliable environ-

mental datasets from and/or concerning Kazakhstan and to

review environmental policies within the frame of the

findings from the spatial survey. This overview is of sig-

nificant value on its own, but we also present and discuss

these data with a view to informing more detailed envi-

ronmental health analyses in future work. Specifically, we

aim to:

• Present observations and processed data products

relating to the state of the environment, focusing on

recent changes.

• Investigate potential future environmental changes,

with a focus on climate projections.

• Discuss the relevance of these datasets to the environ-

mental health of the nation.

• Analyse the gaps in the available datasets with a view

to developing recommendations for future environmen-

tal monitoring efforts; and

• Review current policies and present recommendations

for future interventions.

Data and Methods

Climate Data

To investigate the current and recent past climate, obser-

vations from weather stations in Kazakhstan were anal-

ysed. Specifically, data from the National Oceanic and

Atmospheric Administration’s (NOAA) National Centers

for Environmental Information’s (NCEI) Global Historical

Climatology Network (GHCN) version 2 were used.

Analyses of daily mean temperature, daily minimum tem-

perature, daily maximum temperature and daily precipita-

tion are presented. These data have been quality assured by

NCEI and only stations that include at least 50 years of

data and that were operational up to 2016 were analysed

here. However, in the case of precipitation, stations that

were operational up to at least 2004 were also included to

increase the sample size.

For projections of future climate changes, data from the

5th Phase of the Coupled Model Intercomparison Project

(CMIP5; Taylor et al. 2012) were used from all available

ensemble runs from all the available models. This resulted

in between 38 and 42 individual model runs from various

models with different size ensembles for the different

variables investigated, i.e. daily mean temperature, daily

minimum temperature, daily maximum temperature and

daily precipitation. Data were used from three different

CMIP5 experiments, two of which aim to assess the impact

of different levels of greenhouse gas emissions over the

twenty-first century: the Representative Concentration

Pathways (RCPs; van Vuuren et al. 2011): the RCP45 and

RCP85 pathways were used for the period 2005–2100.

These RCPs represent mid-range (RCP45) and high-end

(RCP85) impacts on radiative forcing changes in the future.

The third experiment used was called ‘‘historical’’, which

Fig. 2 Kazakhstan’s environmental protection budget in billions

Tenge from 2005 to 2015. One billion Tenge is approximately three

million US Dollars (exchange rate from November 2017)
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provides a benchmark period that allows the model data to

be compared with observations. This was used for the

temporal window of 1850–2005 and data were averaged

from the model grid cells that cover Kazakhstan (approx-

imately 42�–55�N and 47�–87�E, but this varied slightly

depending on the resolution of the different models).

Air Quality Data

Air quality data from Astana (51.16�N, 71.47�E) and

Almaty (43.22�N, 76.85�E) were compiled from Kazhy-

dromet (part of Kazakhstan’s Ministry of Energy) and are

presented alongside national emissions data from the

Republic of Kazakhstan Committee on Statistics. Air

quality data from other locations are available but not

shown here as Almaty and Astana represent a good geo-

graphical range and cover a significant proportion of

Kazakhstan’s population (around 15%).

NOAA’s Air Resources Laboratory’s (ARL) HYSPLIT

model (Stein et al. 2015) was used to run back trajectories

for Astana and Almaty in order to identify potential sources

of poor quality air. The trajectories were run using the

Global Data Assimilation System (GDAS) 1� 9 1� reso-

lution, global data from the National Center for Environ-

mental Prediction’s (NCEP) Global Forecast System (GFS)

model. The trajectories were initiated every 6 h for 3 years

(2010–2012) from the relevant coordinates at 500 m above

the surface. Trajectory coordinates were output every 6 h

of the trajectory run.

Water Quality Data

Quarterly reports of water quality were collected from

Kazhydromet and assessed for data quality and continuity.

The reports present quarterly averages of measurements

taken from consistent locations on some of Kazakhstan’s

key water bodies. We present data where there are minimal

missing measurements from the following locations:

Krasnojarka River (East-Kazakhstan region); Sher-

ubaynura River (Karaganda region); Ilek River (Aktobe

region); and Biylikol Lake (Zhambyl region). Data from

other locations are available, but not shown here as the data

continuity was not good.

Radioactivity

The Department of Consumer Protection of Akmola region

of the Ministry of National Economy of the Republic of

Kazakhstan collected data on exposure dose rate between

2013 and 2015. Akmola is a densely populated region close

to significant uranium resources and mining facilities, as a

result, significant radioactive waste has accumulated in the

region, which is a source of radiation pollution (Kazymbet

et al. 2006). Therefore, we present data from Akmola here

in order to understand the impact of that industry. Despite

the high profile of the Soviet era Semipalatinsk nuclear

testing site, we have no available data to analyse from that

area.

Socio-economic Data

Using data from the Republic of Kazakhstan Committee on

Statistics a picture of the environmental background,

including certain proxies for environmental policy, is pre-

sented. In particular, we use: population; GDP; emissions

of pollutants; total waste generation; emissions of green-

house gases; and money spent on environmental protection.

Summarising Results Using a Well-Established
Communication Tool (DPSIR)

In order to present the results in as meaningful a way as

possible for end-users, the Drivers–Pressures–State–Im-

pact–Response, or DPSIR, model will be used. We will use

the terms as outlined in Maxim et al. (2009): Drivers—this

refers to the socio-economic drivers of the issue at hand;

Pressures—the stress exerted on the environment; State—

the resultant state of the environment; Impacts—the sub-

sequent impacts on human health; and Response—the

recommended societal response to the problem.

Results: State of the Environment

Climate

Figure 3 shows the trends in daily temperature (mean,

maximum and minimum) and daily precipitation over

Kazakhstan whilst Fig. 4 presents the time series for daily

mean temperature and daily precipitation from the indi-

vidual stations. These data show a clear warming trend

over the entire country, particularly since 1970. There are

also positive trends in maximum and minimum tempera-

tures, although there are far fewer stations that recorded

these data. The pattern of precipitation changes is less

straightforward: there are negative trends in the west and

around Astana; and there are positive trends in the south

and north. However, Fig. 4 shows a relatively consistent

increase over the last decade. Most of these results are

consistent with the analysis of Salnikov et al. (2015),

although the positive precipitation trend in recent years was

less prominent in that study as their analysis only uses data

up to 2011. Salnikov et al. (2015) also used data from a

larger number of meteorological stations, which will

account for other, less significant differences.
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Looking to the climate projections, Fig. 5 also shows a

consistent increase in mean, maximum and minimum daily

temperature across Kazakhstan. This is true for both the

medium (RCP45) and high (RCP85) emissions pathways

and all the ensemble members from the different models.

For precipitation, the picture is, again, less clear with dif-

ferent models showing positive and negative changes out to

2100. As the observations showed spatial variability across

Kazakhstan (Fig. 3d), the large range in the precipitation

projections may be caused by the averaging of the grid

cells over Kazakhstan in this analysis. Indeed, the regions

that have seen a reduction in precipitation in recent years

(e.g. around the Aral Sea) show much less positive pre-

cipitation trends into the future in RCP45 and RCP85 than

the overall average for Kazakhstan (not shown).

Emissions and Air Quality

Table 1 shows the annual emissions from industrial and

societal activities in Kazakhstan and Fig. 6 shows how

emissions of certain species of air pollutants have changed

over time. All these pollutants have decreased over this

period and most were declining up to 2015, with the

exceptions of cadmium, NOx and NMVOC, which were

increasing in concentration between 2005 and 2015. Sev-

eral of the species have peaks around 2000–2005, which

coincides with a period of industrial growth in Kaza-

khstan—this can be seen in Fig. 7, which shows a large

peak in total waste produced in Kazakhstan as a result of

the expanding mining and heavy industry sector. CO2

emissions (Fig. 8) have declined since 1990, but have been

increasing from the minima in 2001. The introduction of

Fig. 3 Linear temperature trends from weather stations that have

observations for over 50 years and observations up to 2016. The

shading of the circle indicates the strength of the trend (see colour bar

for scale—note that the scale is different in each plot) and the size of

the circle indicates the length of the record (see circles in the top right

hand corner for scale). The data presented are the decadal trends for:

a mean daily temperature; b maximum daily temperature observa-

tions; c minimum daily temperature observations; and d daily

precipitation. For d, the circles with a black outline show data from

stations that were operational up to 2016 whilst circles with a grey

outline show data from stations that were operational up to 2004
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the Environmental Code in 2007 is also likely to have had

an impact here in terms of emissions reductions.

Figure 9 shows the air quality in Kazakhstan’s two

largest cities: Almaty (1.5 M population in 2013); and

Astana (0.8 M population in 2013, likely over 1.0 M in

2017). Concentrations of pollutants in Astana are approx-

imately twice as high as those in Almaty. Both cities are

characterised by increasing levels of NO2 since 2014 and

Almaty also saw SO2 rise up to 2016. Almaty experienced

a significant peak in CO in late 2014/early 2015 whilst

Astana experienced a major SO2 peak in late 2013/early

2014. Both cities have data problems with significant gaps

present in these short records.

Figure 10 shows the typical origin of air masses at

Almaty and Astana. For Almaty, the air masses mostly

come from the southwest, passing over the Almaty,

Zhamby and South Kazakhstan provinces and Kyrgyzstan,

Tajikistan and Uzbekistan as well as China to the east.

These regions are not characterised by much heavy

industry and, therefore, most likely explains the lower

concentration of atmospheric pollutants in Almaty when

compared to Astana. Southeasterlies at Almaty are very

rare because of the location of the Tian Shan mountains. In

contrast, trajectories for air masses arriving at Astana travel

over the much more industrialised provinces of Karaganda

and Pavlodar. Indeed, emissions from these two provinces

are typically 6–10 times greater than the other provinces

(Thomas 2015).

Looking to the poor air quality events in Almaty in late

2014/early 2015 and Astana in late 2013/early 2014,

Fig. 10 shows the air mass sources specifically for these

times. The pollution event in Almaty (Fig. 11a) is associ-

ated with trajectories that come from much further west

than seen in Fig. 10a. These trajectories are likely to come

over the petrochemical operations in Uzbekistan to the

south of the Aral Sea. For Astana (Fig. 11b), the trajecto-

ries are almost all tracking over Karaganda, with more

coming from the Aral Sea area than the more climatolog-

ical picture presented in Fig. 10: these are both very pol-

luted areas.

Water Quality

Figure 12a shows average concentrations of copper from

various locations around Kazakhstan but, due to the miss-

ing data in the middle of the records, it is not possible to

confidently assess whether there is a consistent trend

towards a reduction in this chemical in the water bodies.

However, Fig. 12b–d presents relatively convincing evi-

dence that BOD (biological oxygen demand), boron and

zinc have decreased in concentration in the locations where

reliable data have been collected. The decrease in BOD at

Biylikol Lake is particularly important as the lake was

exhibiting very high values before the decrease around

2014, which is indicative of high levels of organic

pollutants.

Radioactivity

Figure 13 shows the measurements of exposure dose rates

from various towns and cities in the Akmola region. With

only 3 years of data it is not possible to identify any long-

term trends. However, in 9 of the 19 records, the value for

Fig. 4 Spaghetti plots of the 13-month running mean (thin black

lines) of monthly data relating to: a mean temperature (27 stations);

and b precipitation (23 stations). The thick grey line shows the

37-month running mean of the different stations

cFig. 5 Spaghetti plots of the 13-month running mean (thin black

lines) of monthly data relating to: a RCP45 mean temperature (42

model runs); b RCP85 mean temperature (39 model runs); c RCP45

maximum temperature (41 model runs); d RCP85 maximum

temperature (38 model runs); e RCP45 minimum temperature (40

model runs); f RCP85 minimum temperature (38 model runs);

g RCP45 mean precipitation (42 model runs); and h RCP85 mean

precipitation (39 model runs). The thick grey line shows the 37-month

running mean of the different variables
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the first year (2013) is higher than the other 2 years. There

is only one location (Essilskiy) where there is a consistent

positive trend over the 3 years.

Discussion

Climate Change Impacts

‘‘Climate’’ presents data that imply climate change is likely

to have a significant impact on Kazakhstan in the coming

decades. For example, warming and decreasing precipita-

tion in the arid western regions of Kazakhstan are likely to

increase current stresses on human health as well as food

and water availability (Lioubimtseva and Henebry 2009).

Furthermore, glaciers play an important role in Central

Asia’s hydrological cycle (Kaser et al. 2010; Sorg et al.

2014) and increasing temperatures due to climate change

can, of course, cause glaciers to retreat or disappear and

there is evidence of this retreat in Kazakhstan (Bolch

2007). The impact of this on water resources in this region

could be dramatic, indeed, similar pressures have existed in

the recent past (e.g. Howard and Howard 2016). If there is

an extended period of net mass loss, glacier runoff will

increase at first until the glacier reaches a peak discharge

rate and, once reached, the runoff will then decrease as

glacier volume decreases (Jansson et al. 2003; Huss 2011).

InKazakhstan, theAralSea is dependent on the runoff from

two glacier fed rivers, the Syr darya, and the Amu darya,

starting in the Pamir and Tian Shan mountains (Lioubimtseva

2015). The Pamir mountains are located south of Kazakhstan,

mainly in Tajikistan, while the Tian Shanmountains lie along

the border with Kyrgyzstan and Northern China. Kaser et al.

(2010) found that shrinking glaciers feeding the Aral Sea

basin, resulting in lower seasonally dependent glacier melt,

will result in even lower water levels in the Sea.

Table 1 Total emissions of

selected pollutants within

Kazakhstan for 1990 (or 2000

where aappears by the value)

and 2015 measure in 91000

tons/years (or tons/year where
bappears by the value)

Species 1990 emissions 2015 emissions

Sulphur dioxide 1483.5 710.6

Nitrogen oxides 330.1 243.4

Non-methane volatile organic compounds 168.1 105.1

Ammonia 3.7 2.3

Carbon monoxide 841.3 451.2

Hydrocarbons 139.9 66.1

Total suspended particles 1683.3 466.0

Lead 4621.4a,b 636.3b

Cadmium 3.1a,b 1.2b

Mercury 0.3a,b 0.2b

Copper 1941.7a,b 254.5b

Arsenic 1606.6a,b 40.5b

Fig. 6 Plot of percentage change in emissions from Kazakhstan

relative to the first data point, which is 1990 for most species but 2000

for lead, cadmium, copper and arsenic. The data point for ammonia

for 2000 is 208%—this was not included on the axis to improve the

presentation of the other lines. The absolute values at 1990 or 2000

can be seen in Table 1

Fig. 7 Total waste generation from Kazakhstan
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Climate driven, or influenced, changes in environments

unique to Kazakhstan (e.g. the steppe, the Caspian Sea)

may also have impacts on ecological niches and further

endanger native species, e.g. Saiga Antelope (Kamp et al.

2016), Caspian Seal (Harkonen et al. 2012).

However, there may also be positive outcomes: longer

growing seasons could lead to increased cereal yields in

Kazakhstan (IPCC 2014) and any increase in temperature

may reduce cold weather-related mortality rates. Either

way, Kazakhstan requires a National Adaptation Plan to

prepare for the changes that are to come, with a particular

focus on health and food and water resources. Indeed,

whilst many nations have well developed plans, Kaza-

khstan has only recently started these preparations with the

support of the UN (UNDP 2017).

Fig. 8 Carbon dioxide (CO2) emissions from Kazakhstan for

1990–2015

Fig. 9 Atmospheric concentration of carbon monoxide (CO), nitro-

gen dioxide (NO2), sulphur dioxide (SO2) and nitric oxide (NO) in

a Almaty and b Astana. The CO concentrations have been divided by

10 so that the data can be plotted in the same range as the other

species

Fig. 10 Percentage of coordinates (output every 6-h) of 4-day back

trajectories that pass through any 1 9 1 degree box at any point

during their run. The trajectories were initiated every 6 h for

2010–2012 for: a Almaty; and b Astana. Note that the colour scale

is nonlinear and that the latitude range on the two plots is different
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Air Quality

Despite a long-term trend of improving air quality in

Kazakhstan from the levels reached in the 1980s (Thomas

2015), the data available to us provide evidence that con-

centrations of key pollutants are increasing again in the

major cities. Indeed, where Kazakhstan has targets that can

be compared to these data (e.g. annual NO2 mean should

not exceed 40 lg/m3) these have not been met in the last

2 years of data at Almaty: 2014—87 lg/m3; 2015—68 lg/
m3. This requires particularly urgent attention because the

effects of climate change are likely to exacerbate the air

quality impact on mortality in this region (Silva et al.

2017). Under these circumstances, the availability of air

pollutant data is important so that efforts to achieve

improvements in air quality are well informed by good

quality data. Improvements in low-cost air pollutant sensor

technology show great potential in that regard (Mead et al.

2013; Kumar et al. 2015).

Whilst Kazakhstan has engaged in the international

debate on emissions reduction (e.g. the Montreal Protocol,

the Kyoto Protocol) and developed environmental policies

to tackle pollution (i.e. the Environmental Code) a large

proportion of the air pollution reductions are linked to the

decline in industrial activity associated with regional and

global economic problems (e.g. dissolution of the Soviet

Union, the 2008 financial crash). For a more environmen-

tally sustainable future, it is likely that a proactive move

towards renewable energy sources would drive a longer

term improvement in air quality. This would, naturally,

have to occur alongside a reduction in the exploitation of

Kazakhstan’s abundant natural resources, which is a major

challenge (Karatayev et al. 2016).

Water Quality

Decreasing levels of copper in the water bodies examined

is positive as it can be toxic to microorganisms. High levels

of organic pollutants (indicated by high BOD) in certain

water bodies are concerning as some of these compounds

are carcinogens. Boron is an irritant and can have fertility

consequences over long time periods, again, the decrease is

welcomed. Similarly, zinc, which can cause stomach

problems in humans, is decreasing in concentration. Given

the stresses that climate changes are likely to bring to the

region, it is recommended that a more comprehensive

water quality monitoring framework is adopted so that

remediation efforts can be targeted in the most efficient

ways. This would represent the optimum response to a

problem with multiple causes.

Radioactivity

The data presented here show that the exposure for the

Akmola region are low when compared to the World

Nuclear Association’s ‘‘Average total global dose from

natural background radiation’’, which is 2.4 mSv/year. The

highest value recorded here (0.22 lSv/h) is less than

2.4 mSv/year. Nonetheless, continued monitoring is rec-

ommended given the size of the local uranium mining

industry.

The significance of the effect of the Semipalatinsk

nuclear tests requires some further attention. It has previ-

ously been shown that exposure to fallout from nuclear

tests in the 1940s and 1950s approximately doubled

germline mutation rates (Dubrova et al. 2002). However,

the more general effect of the contamination from the

longer term testing between the 1940s and 1980s remains

to be identified and recent medical analyses imply that

Fig. 11 Percentage of coordinates (output every 6 h) of 4-day back

trajectories that pass through any 1 9 1 degree box at any point

during their run. The trajectories were initiated every 6 h for:

a December 2014 and January 2015 for Almaty; and b December

2013 and January 2014 for Astana. Note that the colour scale is

nonlinear and that the latitude range on the two plots is different
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there was no increased risk of thyroid cancer for those

exposed (Grosche et al. 2017). The apparent contradiction

here requires clarification.

Data Availability

Investigations such as this, and extensions that investigate

links with mortality and morbidity data, require high-

quality, long time-scale, high spatio-temporal resolution

datasets. Unfortunately, this is often not the case. Whilst

climate data are available for a long time period at multiple

locations in Kazakhstan, air quality, water quality and

radioactive contamination data were not available for

periods greater than 5 years. These datasets also had

missing data. Table 2 summarises the datasets used in this

investigation in terms of length, continuity and identified

trends.

In order to maximise the value of work in this area, it

would be ideal if reliable past data were identified, quality

controlled and made available in a consistent, digital form.

Further, current and future measurement networks should

be maintained, and potentially expanded, again with

quality control, consistency and cost-effectiveness (e.g.

low-cost sensors) in mind. It could prove beneficial to

explore and assess the in-country expertise with regard to

data handling in order to ensure that data and their

important metadata are adequately preserved and subjected

to an appropriate level of quality assurance and control in

order for the data to be useful both to analysts and

policymakers.

It is not clear what measurement technology is being

used in the Kazakhstan air quality monitoring stations, but

depending on the type of instruments being used, the use of

low-cost, high-density air quality measurement sensor

networks could provide an enhancement and expansion to

Fig. 12 Average concentration (mg/L) of a copper, b BOD, c boron and d zinc for four different rivers and lakes from Kazakhstan
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the present monitoring network enabling better spatial

analysis of air quality within urban areas in addition to

allowing better approximations of personal exposure to air

pollutants.

DPSIR Summary

Table 3 presents the results of the DPSIR analysis. These

results are summarised from the preceding analysis and

discussion so are not examined any further here.

Conclusions

The environment of Kazakhstan has been assessed using

data covering climate, air quality, water quality, radioac-

tivity and socio-economic factors. A key conclusion is that

data are spatially sparse, temporally inconsistent and of

variable quality. This causes problems in terms of envi-

ronmental assessments and for understanding what the

environmental impacts may be on human health and

ecosystems more generally.

Where data are appropriate to use, the indications are

concerning. For example: warming trends are seen in

sensitive areas; drying trends are seen where there is

already water stress; and air quality is declining in major

urban centres. More positively, though: water quality

appears to be improving in some areas; levels of exposure

to radioactivity are below international recommended

levels; and investment in environmental actions in Kaza-

khstan is increasing. The examination of these data toge-

ther is considered a significant result in itself, but has extra

value as this dataset can be used in the development of

new, multivariate, environmental health analyses. Relevant

methods have recently been tested using data from the UK

(Vitolo et al. 2017) and can now be applied to Kazakhstan

to see how they perform with shorter and more inconsistent

input data.

With an increasing awareness of environmental issues in

Kazakhstan (e.g. the ‘‘Future Energy’’ EXPO 2017 in

Astana), there is an opportunity to make progress in this

area. The recommendations from this work are to: collect

and recover as much, high-quality environmental data as

possible; to develop methods for understanding the com-

bined impact of environmental stressors; and to focus

Kazakhstan’s environmental budget on efficient and

enforced environmental policies and remediation activities.

Alongside this, continued engagement with international

environmental initiatives is encouraged (e.g. the Paris

Agreement, the Water Convention) and strategies to

Fig. 13 Exposure dose rate (lSv/h) from 19 towns and cities in the

Akmola region of Kazakhstan. The error bars show the range of

values recorded

Table 2 Summary of the datasets analysed in this study

Dataset Length Data

continuity

Spatial

coverage

Mean

temperature

Good Good Good

Max

temperature

Poor-to-

adequate

Good Adequate

Min

temperature

Poor-to-

adequate

Good Adequate

Precipitation Good-to-

adequate

Good Good-to-

adequate

Air quality Poor-to-

adequate

Poor Adequate

Water quality Poor Poor Poor

Radioactivity Poor Poor Poor

Assessments are subjective
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respond to future challenges should be developed and

implemented (e.g. a national climate change adaptation

plan).

Acknowledgements This work was supported by the British Council

(Grant number 172614334, 2015). The comments of two anonymous

reviewers significantly improved the quality of the paper.

Compliance with Ethical Standards

Conflict of interest On behalf of all authors, the corresponding author

states that there is no conflict of interest.

Open Access This article is distributed under the terms of the Creative

Commons Attribution 4.0 International License (http://creative

commons.org/licenses/by/4.0/), which permits unrestricted use, dis-

tribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

Abdrakhmanov K (2016) Statement to the UN (20th July 2016).

https://sustainabledevelopment.un.org/content/documents/21546kazkh

stan.pdf. Accessed 25 Aug 2017

Bolch T (2007) Climate change and glacier retreat in northern Tien

Shan (Kazakhstan/Kyrgyzstan) using remote sensing data. Glob

Planet Change 56:1–12

Dahl C, Kuralbayeva K (2001) Energy and the environment in

Kazakhstan. Energy Policy 29:429–440

Dubrova YE, Bersimbaev RI, Djansugurova LB, Tankimanova MK,

Mamyrbaeva ZZh, Mustonen R, Lindholm C, Hultén M,

Salomaa S (2002) Nuclear weapons tests and human germline

mutation rate. Science 295:1037

Government of the Republic of Kazakhstan (1997) National Envi-

ronmental Health Action Plan (Kazakhstan). http://enrin.grida.

no/htmls/aralsoe/nehap/kazakh.pdf. Accessed 25 Aug 2017

Grosche B, Katayama H, Hoshi M, Apsalikov KN, Belikhina T, Noso

Y, Takeichi N (2017) Thyroid diseases in populations residing

near the semipalatinsk nuclear test site, Kazakhstan: results from

an 11 years series of medical examinations. SM J Public Health

Epidemiol 3:1038

Harkonen T, Harding KC, Wilson S, Baimukanov M, Dmitrieva L,

Svensson CJ, Goodman SJ (2012) Collapse of a marine mammal

Table 3 Summary of the survey results presented within the DPSIR framework

Climate change Air quality Water quality Radioactivity

Drivers Global industrialisation Regional industrialisation Local industrialisation

Local environmental

management lagging behind

development

Local

industrialisation

Use of Kazakhstan

as a nuclear test

site

Pressures Global emissions of

greenhouse gases

Local/regional emissions of pollutants to

the air

Atmospheric circulation

Climate change

Local discharge of pollutants

to water

Local water use regulations

lagging behind development

Local uranium

mining

Historic nuclear

tests

State Warming trend over most of

Kazakhstan

Changes in hydrological

cycles (increases and

decreases)

(High confidence)

Recently degrading air quality after long

period of improvement

(Medium–high confidence)

Improving water quality

(Medium–low confidence)

Improving

background

radiation

(Low confidence)

Impact Water shortages

Reduced food production

Decrease (increase) in cold

(hot) weather-related

mortality

Exacerbates air quality

impacts

Respiratory problems, cardiovascular

disease, lung cancer and other health

problems

Increase in exposure to toxic

and carcinogenic compounds

Increased risk of

cancers

Response Influence international

climate change mitigation

efforts

Work on domestic emissions

reductions

Develop national climate

change adaptation plan

Develop and/or enforce emissions limits

Develop air quality warning system

Improve monitoring of air quality

Develop and/or enforce

discharge limits

Improve monitoring of water

quality

Investigate remediation

options

Improve monitoring

of radioactivity

Investigate

remediation

options

International Journal of Environmental Research (2018) 12:735–748 747

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://sustainabledevelopment.un.org/content/documents/21546kazkhstan.pdf
https://sustainabledevelopment.un.org/content/documents/21546kazkhstan.pdf
http://enrin.grida.no/htmls/aralsoe/nehap/kazakh.pdf
http://enrin.grida.no/htmls/aralsoe/nehap/kazakh.pdf


species driven by human impacts. PLoS One 7:e43130. https://

doi.org/10.1371/journal.pone.0043130

Howard KWF, Howard KK (2016) The new ‘‘Silk Road Economic

Belt’’ as a threat to the sustainable management of Central Asia’s

transboundary water resources. Environ Earth Sci 75:976

Huss M (2011) Present and future contribution of glacier storage

change to runoff from macroscale drainage basins in Europe.

Water Resour Res. https://doi.org/10.1029/2010WR010299

IPCC (2013) Climate change 2013: the physical science basis.

Contribution of working group I to the fifth assessment report of

the intergovernmental panel on climate change. Cambridge

University Press, Cambridge

IPCC (2014) Climate change 2014: impacts, adaptation, and vulner-

ability. Part A: global and sectoral aspects. Contribution of WG

II to AR5 of the intergovernmental panel on climate change.

Cambridge University Press, Cambridge

Jansson P, Hock R, Schneider T (2003) The concept of glacier

storage: a review. J Hydrol 282:116–129

Jensen S, Mazhitova Z, Zetterström R (1997) Environmental pollution

and child health in the Aral Sea region in Kazakhstan. Acta

Paediatr 206:187–193

Kamp J, Koshkin MA, Bragina TM, Katzner TE, Milner-Gulland EJ,

Schreiber D, Sheldon R, Shmalenko A, Smelansky L, Terraube

J, Urazaliev R (2016) Persistent and novel threats to the

biodiversity of Kazakhstan’s steppes and semi-deserts. Biodivers

Conserv 25:2521–2541

Karatayev M, Hall S, Kalyuzhnova Y, Clarke ML (2016) Renewable

energy technology uptake in Kazakhstan: policy drivers and

barriers in a transitional economy. Renew Sustain Energy Rev

66:120–136

Kaser G, Großhauser M, Marzeion B, Barry RG, Grobhauser M,

Marzeion B (2010) Contribution potential of glaciers to water

availability in different climate regimes. Proc Natl Acad Sci

USA 107:20223–20227

Kazymbet PK, Imasheva BS, Bahtin MM (2006) Radioecological

state of natural objects around the uranium mining enterprises of

the Akmola region. Med Radiol Radiat Saf 6:22–27

Kenessariyev U, Golub A, Brody M, Dosmukhametov A, Amrin M,

Erzhanova A, Kenessary D (2013) Human health cost of air

pollution in Kazakhstan. J Environ Prot 4:869–876

Kumar P, Morawska L, Martani C, Biskos G, Neophytou M, Di

Sabatino S, Bell M, Norford L, Britter R (2015) The rise of low-

cost sensing for managing air pollution in cities. Environ Int

75(2015):199–205

Kurmanbayeva AS, Russell A, Zhumabayeva SE, Gazdiyeva BA,

Althonayan A, Ali M, Akhmetov KK, Mukanov Y (2016) Air

pollution and public health risk assessment: case of the Akmola

region. News Natl Acad Sci Repub Kazakhstan (Biol Med Ser)

6:23–29

Lioubimtseva E (2015) A multi-scale assessment of human vulner-

ability to climate change in the Aral Sea basin. Environ Earth Sci

73:719–729

Lioubimtseva E, Henebry GM (2009) Climate and environmental

change in arid Central Asia: impacts, vulnerability, and adap-

tations. J Arid Environ 73:963–977

Maxim L, Spangenberg JH, O’Connor MO (2009) An analysis of

risks for biodiversity under the DPSIR framework. Ecol Econ

69:12–23

Mead MI, Popoola OAM, Stewart GB, Landshoff P, Calleja M, Hayes

M, Baldovi JJ, McLeod MW, Hodgson TF, Dicks J, Lewis A,

Cohen J, Baron R, Saffell JR, Jones RL (2013) The use of

electrochemical sensors for monitoring urban air quality in low-

cost, high-density networks. Atmos Environ 70:186–203

Micklin P (2010) The past, present, and future Aral Sea. Lakes Reserv

Res Manag 15:193–213

Norman RE, Carpenter DO, Scott J, Brune MN, Sly PD (2013)

Environmental exposures: an underrecognized contribution to

noncommunicable diseases. Rev Environ Health 28:59–65

Salnikov V, Turulina G, Polyakova S, Petrova Y, Skakova A (2015)

Climate change in Kazakhstan during the past 70 years. Quat Int

358:77–82

Silva RA, West JJ, Lamarque J-F, Shindell DT, Collins WJ, Faluvegi

G, Folberth GA, Horowitz LW, Nagashima T, Naik V, Rumbold

ST, Sudo K, Takemura T, Bergmann D, Cameron-Smith P,

Doherty RM, Josse B, MacKenzie IA, Stevenson DS, Zeng G

(2017) Future global mortality from changes in air pollution

attributable to climate change. Nat Clim Change 7:647–651

Sorg A, Huss M, Rohrer M, Stoffel M (2014) The days of plenty

might soon be over in glacierized Central Asian catchments.

Environ Res Lett. https://doi.org/10.1088/1748-9326/9/10/

104018

Stein AF, Draxler RR, Rolph GD, Stunder BJB, Cohen MD, Ngan F

(2015) NOAA’s HYSPLIT atmospheric transport and dispersion

modeling system. Bull Am Meteorol Soc 96:2059–2077

Taylor KE, Stouffer RJ, Meehl GA (2012) An overview of CMIP5

and the experiment design. Bull Am Meteorol Soc 93:485–498

Thomas M (2015) Social, environmental and economic sustainability

of Kazakhstan: a long-term perspective. Cent Asian Surv

34:456–483

UNDP (2017) Climate change adaptation: Kazakhstan. http://www.

adaptation-undp.org/explore/central-asia/kazakhstan. Accessed

25 Aug 2017

van Vuuren DP, Edmonds J, Kainuma M, Riahi K, Thomson A,

Hibbard K, Hurtt GC, Kram T, Krey V, Lamarque J-F, Masui T,

Meinshausen M, Nakicenovic N, Smith SJ, Rose SK (2011) The

representative concentration pathways: an overview. Clim

Change 109:5–31

Vitolo C, Scutari M, Ghalaieny M, Tucker A, Russell A (2017)

Modelling air pollution, climate and health data using Bayesian

networks: a case study of the English regions. Earth Space Sci

5:76–88

World Health Organisation (WHO) (1999) Highlights on health in

Kazakhstan. Copenhagen, Denmark. http://www.euro.who.int/__

data/assets/pdf_file/0011/130133/E72497.pdf. Accessed 25 Aug

2017

World Health Organisation (WHO) (2005) Highlights on health in

Kazakhstan. Copenhagen, Denmark. http://www.euro.who.int/__

data/assets/pdf_file/0010/103213/e88738.pdf. Accessed 25 Aug

2017

World Health Organisation (WHO) (2014) Kazakhstan: noncommu-

nicable diseases (NCD) country profiles. Copenhagen, Denmark.
http://www.who.int/nmh/countries/kaz_en.pdf?ua=1. Accessed 8

Nov 2017

748 International Journal of Environmental Research (2018) 12:735–748

123

https://doi.org/10.1371/journal.pone.0043130
https://doi.org/10.1371/journal.pone.0043130
https://doi.org/10.1029/2010WR010299
https://doi.org/10.1088/1748-9326/9/10/104018
https://doi.org/10.1088/1748-9326/9/10/104018
http://www.adaptation-undp.org/explore/central-asia/kazakhstan
http://www.adaptation-undp.org/explore/central-asia/kazakhstan
http://www.euro.who.int/__data/assets/pdf_file/0011/130133/E72497.pdf
http://www.euro.who.int/__data/assets/pdf_file/0011/130133/E72497.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/103213/e88738.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/103213/e88738.pdf
http://www.who.int/nmh/countries/kaz_en.pdf%3fua%3d1

	A Spatial Survey of Environmental Indicators for Kazakhstan: An Examination of Current Conditions and Future Needs
	Abstract
	Introduction
	Environmental Issues in Kazakhstan
	Environmental Health
	Policy Interventions
	Aims of the Study

	Data and Methods
	Climate Data
	Air Quality Data
	Water Quality Data
	Radioactivity
	Socio-economic Data
	Summarising Results Using a Well-Established Communication Tool (DPSIR)

	Results: State of the Environment
	Climate
	Emissions and Air Quality
	Water Quality
	Radioactivity

	Discussion
	Climate Change Impacts
	Air Quality
	Water Quality
	Radioactivity
	Data Availability
	DPSIR Summary

	Conclusions
	Acknowledgements
	References




