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Central Asia has made significant strides in 
socio-economic development in recent years. 
However, climate change and weather-related 
hazards pose significant risks to livelihoods in 
the region. The World Bank Report Turn Down 
the Heat: Confronting the New Climate Normal, 
predicts more intense warming in Central Asia 
than the global average, in a 4°C warmer world. 
The impacts will be felt in all sectors that are 
vital to Central Asia’s economic growth and 
development. 

Central Asia is also a region where almost 
30 percent of the people rely on farming and 
livestock for their living. For these people, ac-
curate weather and climate information is crit-
ical. Forecasting and long-term climate infor-
mation, for example, can help farmers to grow 
and protect their crops, and water managers 
to optimize storage and delivery. Energy pro-
ducers, transporters, construction companies 
and tourism/event managers can also optimize 
the production and security of their services. 
Finally, good weather information can help re-
duce disaster risk in locations prone to storms, 
floods and mudslides, and improve emergency 
response services. 

National Meteorological and Hydrological Ser-
vices serve as Central Asia’s public authorities 
for weather and river forecasting. While tech-
nology is driving rapid evolution in the science of 
forecasting, computers cannot replace skilled 
local experts to produce information specific 
for their countries. The goal is to provide people 
with timely, reliable and useable information so 
that they can take appropriate actions to pre-
pare for weather events. The National Meteor-
ological and Hydrological Services are working 
to provide information through a range of media 
and in the languages of their users.

With its long-standing support for modern-
izing the National Meteorological and Hydro-
logical Services of Central Asia and around 
the world, the World Bank works closely with 
partners – including with the World Meteor-
ological Organization (WMO) – to strengthen 
the global weather enterprise. The countries of 
Central Asia have distinct geographies and cli-
mates that require special skills in the National 
Meteorological and Hydrological Services – for 
example, weather monitoring and forecasting 
in both vast deserts and high mountains – and 
distinct economies with different priority sec-
tors that need specific information on weather, 
climate and water.

By providing easy-to-understand overviews of 
the weather and climate in the region, the utili-
ty of weather and water information for society, 
and the role and needs of the National Meteor-
ological and Hydrological Services, this Atlas 
can be used to inform decision-making, scope 
possible investments in development, and ed-
ucate people. It recognizes common interests 
and specific differences between the climate 
zones and economic sectors of Kazakhstan, 
the Kyrgyz Republic, Tajikistan, Turkmenistan, 
and Uzbekistan. It also celebrates progress in 
the modernization of the respective National 
Meteorological and Hydrological Services and 
lays out a development path for service-oriented 
weather, climate and water information servic-
es. We sincerely hope that all users, providers, 
and partners of these services in Central Asia 
find the Atlas useful.

Sincerely,
Lilia Burunciuc
Regional Director for Central Asia
The World Bank
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1
Introduction

Weather is an ever-present part of daily life, and decisions large and small 
revolve around what the weather is doing and is going to do. The stakes may be 
fairly low – getting caught in the rain without an umbrella – or extremely high. 
Hazardous weather conditions can make the transportation of goods and people 
unsafe, and can put property, livelihoods and lives at risk. Advanced warnings 
of extreme weather can usually reduce the risks by providing people with the 
opportunity to take precautionary measures.

Top: Mountain pasture, central Kyrgyz Republic

Bottom: Situation room, Ministry of Emergency Situations of the Kyrgyz Republic
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Introduction

In today’s world, weather apps are everywhere 
and when we glance at our devices and decide if 
we are going to take an umbrella when we leave 
the house we may be forgiven for taking this 
twenty-first century, whiz-bang technology for 
granted and for thinking that weather informa-
tion comes from our phones. To be sure, weath-
er information is delivered to our phones, but 
it comes from the collection of an astonishing 
array of observations and measurements from 
ground stations, satellites and other remote 
sensing equipment and from the processing of 
the data with sophisticated computers, all of 
which entails the following of rigorous proto-
cols. And the people following those protocols 
power the entire enterprise with their knowl-
edge, training and professionalism.

This atlas offers insights into the work of the 
national hydrometeorological services and the 
global networks that contribute to the infor-
mation on our screens. It covers the range of 
weather, water and climate information and 
services available, and connects that informa-
tion and those services to the spectrum of users 
with their own specific needs. As global warm-
ing continues to produce more frequent and 
more intense extreme weather events, interest 
in the forecasting of these events may be on the 
rise, and this atlas may serve as an entry point 
to understanding the methods and limitations 
of modern practice. Throughout this atlas, the 
informal term “hydromet” refers to the National 
Meteorological and Hydrological Services of the 
Central Asia countries.

The landscape of Central Asia comprises dra-
matic mountain ranges, high plateaus, deep val-
leys, steppes and vast desert plains. The Pamirs 
in Tajikistan and the Tien Shan in the Kyrgyz 
Republic make those countries the most moun-
tainous in the region, but mountains cover parts 
of eastern Kazakhstan, southeast Uzbekistan, 
and Turkmenistan, and extend into Afghanistan 
and China.

Scientists project that average temperatures in 
Central Asia will increase by 1°C–3°C by 2050 
under likely climate change scenarios, and 
could rise by 3°C–6°C by the end of the cen-
tury. Over the last 50–70 years, temperatures 
have increased by 0.3°C–1.2°C depending on 

location, and in most places winter warming 
is more pronounced. Changes in precipitation 
have varied across the region. 

The changes brought by global warming are 
anything but uniform, and the consequences of 
climate change vary across landscapes and ele-
vations. Wet areas may become wetter, and dry 
areas may become drier. By tracking the trends 
in weather and hydrology, hydromets can assist 
planners in a range of sectors – transport, agri-
culture and tourism, to name a few – as they ad-
just the historical patterns to what is becoming 
the new normal. The economic stakes related to 
rising temperatures and changing precipitation 
patterns are high, and hydromets are at the cen-
tre of the development of the new climate knowl-
edge that can guide the sectoral planners and 
policymakers in the coming years. Hydromets 
offer summaries of data on temperature, precip-
itation and other hydrometeorological elements, 
as well as frequency distributions and average 
values, and publications on local climate data.

The role of global warming in the hydrological 
changes in the region extends from the moun-
tains to the lowlands and plays out across the 
seasons. Mountain glaciers hold vast amounts 
of water, and tracking the trends in the retreat 
of glaciers is crucial to the understanding of the 
downstream effects. Hydropower and agricul-
ture have vital interests in river flows. Planners 
in these sectors can no longer rely on historical 
patterns, and the collection and analysis of data 
are instrumental in the determination of what 
to expect. Effective water management depends 
on the sound knowledge and projections provid-
ed by hydromets. The products available from 
hydromets include real-time data and projec-
tions on daily, monthly and seasonal water flows 
by specific river or area, as well as early warn-
ings for flash floods and droughts.

The water that falls as snow and rain in the 
mountains is stored in glaciers and snowpack 
before making its way downstream via Central 
Asia’s rivers – the Syr Darya and the Amu Darya 
along with the Ili, Chu, Talas and Saryjaz, to 
name the major ones. Some 90 per cent of the 
population of the region relies on this water 
from the mountains.

Climate facts from Central Asia

Seasonal winds
and fire risk

Largest seasonal
ice covered area,
Caspian seal 
habitat

Densely populated
area vulnerable 
to water deficits 
and drought

Driest area of 
Central Asia

Hottest capital 
of Central Asia

Densely populated
area dependent on 
rain and glacier 

water

Largest river
of Central Asia

Coldest and
sunniest high

mountain area

Largest
glaciers

Rich walnut
forest in wettest
and warm areas

Most snow and
avalanche risk

Strongest
winds

Glacial lakes
and ice dams

Coldest capital
of Central Asia

Climate conditions 
most favorable for 
grain cultivation

KAZ

TJK
TKM

UZB

KYR

Flattest low-lying area
prone to flooding due 
to storm surges and 
sea level fluctuations

Northern 
Caspian Sea

Caspian
lowland

Northern
Kazakshan

Nur-Sultan
Altai

Zhungar 
Gates

Kamchik, Karakol

Arslanbob, 

FedchenkoPamir
Amu Darya

Ashgabad

Aral Sea Ili Alatau

Karakum
Zeravshan

Qarshi

Grasslands

 Khovaling

National and regional centres

KazHydromet, central office
Regional flash flood guidance center

Turkmen Hydromet

KazHydromet, Almaty office 
Regional Glacial Centre
Regional Centre for Hydrology

Kyrgyz Hydromet

Tajik Hydromet

Uz Hydromet
WMO Regional Specialized Meteorological Center

WMO World Meteorological Centre in Moscow
Russian hydromet service and institutions

Nur-Sultan

Almaty

Bishkek

Dushanbe

Tashkent

Ashgabat

World
Meteorological
Organization

KAZAKHSTAN

UZBEKISTAN

TURKMENISTAN
TJK

KYR

Regional specialized Meteorological Center
under the World Meteorological Organization

Main functions and areas of expertise:

Regional Center for Hydrology under the
Interstate Foundation for the Aral Sea

Main functions and areas of expertise:

Numerical weather forecasting,
support regional access and
downscaling of weather products

Regional severe
weather forecasting

Quality control of observation data
and global / regional data exchange

Research, studies and expeditions
on glaciers and water resources

Support best practices and training
on hydrology and its applications

Coordination and implementation
of the international projects on
climate and hydrometeorology

Tashkent Almaty

Climate facts of Central Asia
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moderately cold air 
inflow that often 

causes dust storms 
and heavy precipitation 

in mountains

cold air inflow that 
triggers dust storms, 
rains, sudden drop in 

air temperatures, 
persistent fog in 

winter 

usually brings stable 
and sunny weather: 

depending on season it 
could be warm or cold 

trigger very 
unstable weather 

in mountains with 
thunderstorms

usually brings to 
Central Asia cloudy, 

rainy and cool 
weather

triggers unstable 
weather in high 

mountains

can cause rains 
and dust storms

can cause rains 
and dust storms

Cold

Warm

Humid

Europe
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low pressure 
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Mountains
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Weather formation and facts in Central Asia 

Thickness of air mass arrows
corresponds to the relative 

occurrence of weather 
phenomena during the year. 

Based on estimates of V. Bugaev

cirrocumulus
fair and cold

cumulonimbus
rain, hail or tornadoes are on the way

nimbostratus
gloom with continuous 
rain or snow

High
7 000 m—12 000 m

Mid
2 000 m—7 000 m

Low
0 m—2 000 m

cumulus
fair

stratus
fair but gloomy

altostratus
continuous 
rain or snow

altocumulus
fair 

cirrostratus
rain or snow within a day

stratocumulus
fair for now, but a storm is looming

cirrus
a change is coming

Cloud types and 
what they mean

smog

Several large weather patterns affect Central 
Asia. Warm, subtropical air masses from the 
south-east can trigger rain and dust storms and 
unstable weather in the high mountains. Humid 
air from the west generally brings clouds, rain 
and cool temperatures, while north-western 
air flows often bring heavy precipitation to 
the mountains, and may cause dust storms. 
Polar air masses can bring sudden dips in 

Weather formation in Central Asia 

temperature and persistent mountain fog, and 
may trigger dust storms and rain. Siberian high 
pressure from the north-east usually brings 
stable, sunny weather, while frontal waves 
create unstable weather and thunderstorms in 
the mountains. In the interior of Central Asia, 
summer thermal depressions – low pressure 
systems – bring hot temperatures and stable 
weather. 

Assisted by modern technology and current 
knowledge, professional meteorologists carry 
on the tradition of reading clouds to predict the 
weather.

Clouds are central to how the climate system 
functions, and cloud research is informing our 
understanding of climate change.

The absence of clouds, measured in annual days 
of sunshine, is a crucial measure in determining 
the potential for solar energy. 
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Complex and extreme weather

Intense rain and hailstorms 
When humid cold air meets warmer air the 
result can be a quickly developing, highly local
ized storm with intense rain or hail. Intense 
rainstorms can flood urban areas, and hail 
storms can severely damage crops. Hydromets 
can typically provide only short notice of such 
storms, and need high-resolution data and ex-
pensive instrumentation such as radar. 

Temperature inversions 
Temperature inversions often occur in winter in 
urban areas, when air temperatures increase 
rather than cool with altitude. These events 
trigger air stagnation, accumulation of urban 
pollutants and the formation of smog. Hydromet 
forecasts can predict the weather conditions 
that lead to inversions, and can issue pollution 
alerts and measure pollution levels.

Mountain weather 
The many people in Central Asia who live in or 
near the mountains have experienced close up 
how the mountains make weather. When moist 
air flows up the mountains, for example, the 
wind side generally receives rain and the lee 
side stays dry. But the specific shapes of the 
mountains and plateaus contribute to wide 
variations in precipitation, temperature and 
wind over relatively small areas. These condi-
tions are challenging to meteorologists, and 
hydrometeorological observations are scarce 
and expensive in the mountains.

Dry area

Rainy area

Wind in many 
directions

Temperature 
warms 1°C every 
100 m down

Temperature 
cools 0.6°C 

every 100 m up

Cold front
Warm air

Intense rain
and strong wind

Cooler air

Warm air

Cold air

Normal Condition

Warm air - Inversion layer

Cooler air

Cold air

Temperature Inversion

Smog, no wind and emissions 

Extreme drought 
All droughts are the result of an area receiv-
ing less precipitation than what is considered 
normal or average. Meteorological droughts are 
defined by how dry the air and soil are compared 
to normal, and by how long the period persists. 
Hydrological droughts are more closely tied to 
water levels in rivers and reservoirs. Droughts 
affect downstream areas more severely than 
upstream areas, and consecutive year droughts 
compound the stress. Hydromets can make sea-
sonal forecasts for hydrological droughts based 
on snowpack and precipitation records, but rain-
fall deficits can deplete soil moisture quickly. 

Dust storm 
As a formerly large water body, the Aral Sea 
influenced the weather in the region, and the 
shrinking of the sea has changed the local 
microclimate. What was once the seabed is 
now exposed dust mixed with salt. Strong winds 
carry this dust and salt mixture in large storms 
that can last for a couple of hours that can affect 
areas up to 300 km from the sea. Hydromets can 
predict the weather conditions for these storms, 
but not their size and intensity, so warnings are 
limited to the alert that the storms are like-
ly to occur. Authorities are planting vegetation 
around the sea in the attempt to stabilize the 
ongoing desertification and reduce dust storms.

Extreme heat and cold 
Heatwaves are periods of several days to sever-
al weeks with hot temperatures at least 10 de-
grees higher than historical averages in a given 
area. They occur when high-pressure systems 
force air downwards. The trapped air below 
has no place to go and keeps getting warmer. 
Cold waves are sharp near-surface drops in 
temperature, often accompanied by strength-
ening winds and icy conditions, and covering a 
large area. Timely forecasts can save lives and 
minimize suffering.

Cold air flow

Freezing cities and villages

Cold impacts on 
crops and agricultural 

animals

Low water flow and 
not enough reserves, 
not enough energy

-15°C

Labour and living condition 

Failure of crops 
suffering of people 

downstream

Balance of 
hydropower production 

vs irrigation

Soil drought

+40°C
Hot, dry weather

Dust

Plantation

Wind
5—10 m/s

Dust storm 
with salt

Houses, 
people

Crops

200 km

Aral sea and 
dry bottom
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2
Users of weather, water 
and climate information

Warnings of extreme weather events are crucial across sectors and for the 
general public. Each sector has its own specific concerns, and hydromets provide 
important information that allows sector planners and managers to respond to 
changing weather, climate and water conditions. 

Top: Karshi canal, Uzbekistan

Bottom: Cotton field
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Users of weather, water
and climate information

A well-functioning hydromet service is an es-
sential element in both disaster risk reduction 
and emergency response. Timely information 
on hazardous weather conditions and forecasts 
of extreme events can help public safety officials 
prepare for and respond to potential disasters 
effectively. Historical hydromet data provide 
city planners with the information necessary to 
design storm water systems, identify evacua-
tion routes and prepare for other disaster con-
tingencies – cooling centres to protect residents 
during heatwaves, for example. The hydromet 
products include data summaries and reports 
on climate normals.

Extreme weather can strike in any season, and 
can trigger a range of potential consequences, 
such as avalanches and floods that affect different 
areas and economic sectors in specific ways, and 
that require responses specific to the situation. 
In some cases, the appropriate response may be 
as simple as the postponement of an event, and 
in others the response may entail road closures 
or evacuations. Longer extreme weather events 
such as droughts, heatwaves and cold spells call 
for more sustained responses, and forecasts can 
provide both warnings of coming events and sig-
nals of when the weather may change.

Agriculture
No sector has more at stake in the weather 
and climate conditions than agriculture. Crops, 
livestock, facilities and infrastructure all are 
vulnerable to extreme weather events, and the 
livelihoods of growers depend on their ability 
to protect their assets from droughts, storms 
and extreme high or low temperatures. Growers 
use climate information to help select crops, 
varieties and species adapted to the chang-
ing conditions in specific locations, and rely on 
weather warnings to alert them to the need to 
take precautionary measures. Hydromets con-
duct agrometeorological observations covering 
soil conditions and vegetation development and 
provide information that can help farmers pre-
dict the health and vigour of crops and natural 
pastures, and reduce risk of crop damage by 

diseases and pests. They also produce informa-
tion crucial for national food security assess-
ments, for scheduling optimal crop watering 
and harvesting times and for managing com-
mercial gardens and greenhouses.

Construction and cities 
The construction sector benefits from a range 
of hydromet services – historical climate and 
extreme weather data to inform design and siting 
criteria, and current forecasts for scheduling and 
logistics during the course of construction. The 
marvels of civil engineering such as skyscrapers, 
sophisticated bridges and sport facilities all re-
quire highly detailed climate data to ensure 
the safety and performance of the structures. 
Municipal authorities likewise use these data 
to develop building codes and evacuation plans. 
Public health and safety agencies and other city 
officials are on the front lines of emergency re-
sponse, and they use hydromet forecasts to help 
them determine when to issue alerts, open cool-
ing centres and take other appropriate measures 
to protect the population. Hydromets provide 
data summaries such as temperature frequency 
distributions, and offer climate data in the form 
of averages of meteorological measures of tem-
perature, precipitation, frosts and snowfall. 

Energy
The systems for generating and transmitting 
power are vulnerable to certain weather con-
ditions and to numerous projected and actual 
climate changes. The efficiency and output of 
power generation decline as temperatures in-
crease, and higher cooling water temperatures 
at coal and gas-fueled plants are particularly 
problematic. The power generation and grid 
infrastructure are threatened by stronger and 
more frequent storms and high winds that 
can reduce output and affect energy security. 
Similarly, the increasing frequency and intensity 
of droughts, together with changes in precipi-
tation patterns, can reduce hydropower gener-
ation as well as the water available for cooling 
nuclear and thermal power plants.

Climate services help the energy sector build 
resilience to extreme weather events, climate 
variability and climate change by providing in-
formation the sector can use in planning and 
operations. Climate data helps planners site a 
range of facilities, and weather forecasts help 
managers project demand for energy, estimate 
load requirements, and determine when to con-
duct maintenance. 

The information that hydromets produce is vital 
to the development of wind and solar energy. 
The range of products includes wind speed and 
solar radiation databases that can help energy 
planners determine the potential for driving 
wind turbines and estimate the potential for 
solar energy. Where wind and solar energy pro-
ducers have special requirements for services 
or products, the hydromets may need to develop 
new information for this important sector. 

The planning of hydropower facilities relies on 
historical hydrology data, and the operation and 
management of the facilities relies on real-time 
water flow data and weekly to seasonal water 
forecasts. Weather and wave forecasts allow 
managers to schedule the safe servicing of off-
shore oil rigs by reporting on wind, fog and ice 
conditions. Hydromets also provide information 
on measures of expected energy use for heating 
and cooling, and temperature information that 
can be used to assess equipment requirements.

Transport
The transportation sector depends on now-
casting and reliable, short- and medium-term 
weather forecasts to alert schedulers and 
travellers of current and developing condi-
tions. The aviation sector monitors wind speed 

and direction at different altitudes as well as 
potentially hazardous cloud formations for safe 
take-offs and landings, and uses data on winds 
aloft to pick the most efficient routes. Ice, snow, 
rain, fog and wind – and avalanche conditions 
in the mountains – can affect road and rail 
transportation of goods and people. Excessive 
heat and dust storms can damage rail tracks. 
Historical weather and hydrology data can help 
planners decide where to site roads and bridges 
to minimize the chance of flood damage. Marine 
ports and shippers need information on wind, 
ice and storm conditions. Among the hydromet 
products of use to transportation planners are 
the databases on temperature and precipitation 
averages and extremes, monthly summaries of 
daily observations and annual average and ex-
treme values. Hydromets often provide special-
ized commercial weather services for transport 
according to specific requirements and stand-
ards.

Sports, tourism and outdoor events 
Historical hydrometeorological information 
guides the long-term planning and development 
of tourism facilities such as skiing and water re-
sorts, and routine weather forecasts help deter-
mine maintenance schedules and anticipate the 
number of visitors. Mountain climbers and al-
pine sports enthusiasts rely on weather reports 
for information on avalanche hazards, snow con-
ditions, visibility, winds and approaching storms. 
Summer hikers can use short-term forecasts 
to avoid unsafe conditions. Outdoor event plan-
ners – who are often civic leaders – seek hourly 
forecasts so they can prepare for weather con-
tingencies. Hydromets offer reports with histor-
ical temperature and precipitation figures, and 
provide area-specific forecasts.

20
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Climate and water assessments and 
early warnings of extreme weather

GHG emissions and climate change tracking
Regular inventories of greenhouse gases help evaluate 
climate policies. The monitoring of climate change 
consequences, such as the melting of glaciers, informs 
the assessment of impacts and the development of 
adaptation plans.

1950 2015

Rain-fed rivers, 
water level

1950 2015

Glacier-fed rivers, 
water discharge

2015 2050

Sunflower

Grain

Crop yield response 
to climate change

1970 2010

Glaciers size

1950 2015

Greenhouse gas
emissions inventory
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Number of hot days

1950 2015

Number of cold days

1990 2015

Exteme weather events Disasters and livelihoods 
Farmers and pastoralists can use weather and 
agrometeorological information to reduce their risk. 
Long-term trends can inform traditional practices 
and land use plans. Early warnings are essential for 
safety at home, on the road and in the field.

Personal comfort and health
Climate change analysis can guide the development 
of public health adaptation strategies, and 
knowledge of temperature trends can help 
households choose appropriate garden crops. 

Agriculture production and food security
The modeling of climate impacts on food production 
and crops contributes to contingency planning. 
Farmers rely on agrometeorological forecasts and 
daily information. 

Hydropower and irrigation 
Balancing crop irrigation against hydropower 
generation depends on knowledge of seasonal 
water reserves. 
 

1950 2015

Duration of 
vegetation period
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Orchards

► Hourly temperature and precipitation information can 
help growers protect weather-sensitive fruit trees.

Highland and lowland pastures

► Weather certificates assist pastoralists 
in filing insurance claims for weather-
related losses.

► Short-term forecasts warn of storms, 
snowfall or avalanche conditions.

► Seasonal forecasts provide information 
relevant to future pasture conditions.

Irrigated crops

► Hydrological information can assist 
growers in managing their irrigation 
and balancing water distribution. 

► Forecasts for extreme weather 
– heat, cold snap or drought – can 
alert growers to take precautionary 
measures.

Agricultural planning

► Weather information can guide scheduling 
during course of construction.

► Farmers can use hail net to protect high 
value crops

Rain-fed crops

► Weather information such as snowpack and 
soil moisture content can guide growers in 
deciding when to plant and when to harvest.

► Historical data on 
area snowfall and wind 
can guide roof design.

Agriculture
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House construction

► Builders and designers can use historical 
weather data to make good decisions on the 
siting and orientation of houses, and to 
determine the level of insulation needed to 
keep living spaces comfortable and cost-
effective to heat and cool.

► Before and during the course of construction, 
builders can use hydromet services to plan 
work schedules to optimize safety and 
efficiency.

Special projects and operation
► Special construction projects – antennas, 

bridges, mines and other large or complex 
structures – require special planning. 

► Historical data on temperatures and prevailing 
winds, for example, may inform decisions on 
material choices and other engineering 
matters.

Municipal services

► City officials use short- and medium-term weather 
forecasts to prepare responses to a wide range of 
contingencies and to issue citizen alerts.

► City planning can 
take adaptive 
measures for potential 
extreme weather events – by 
providing for storm water drainage to 
minimize flooding, for example. 

► Routine forecasts of routine weather 
help residents plan their days.

► Hospitals and local 
authorities plan for 
heatwaves to assist 
vulnerable residents.

Inversions occur when warmer horizontal layers of 
air lie over cooler and heavier air below. In cities, 
air pollution from cars and industry becomes 
trapped in inversions, and may become smog.

Construction and cities
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Coal

► Forecasts help planners estimate the 
beginning and end of the heating 
season.

► Seasonal weather forecasts can help 
managers project energy production 
requirements.

Hydropower

► Historical data helps hydropower planners 
ensure sufficient water flow.

► Short-term weather forecasts can guide 
work schedules during the course of 
construction.

► Seasonal data helps water managers 
ensure sufficient water for agriculture 
and power production.

► Forecasts of extreme weather can lead 
to risk reduction measures.

► Short-term forecasts help determine 
operational contingencies, and 
medium-term forecasts help with 
planning.

Solar and wind power

► Weather forecasts can inform wind and 
solar power production projections.

► Historical data can guide the siting of 
installations, and shorter-term forecasts 
can inform the scheduling of maintenance.

Power transmission lines

► Historical data can guide the 
placement of lines to avoid 
power disruptions.

► Short-term weather forecasts 
can inform maintenance 
schedules.

► Electric load forecasting 
models can incorporate hourly 
temperature, humidity, 
precipitation, cloud cover and 
wind data for better accuracy.

Oil rigs

► Forecasts of wind, visibility and ice 
conditions can help determine 
transport schedules to and from rigs.

Nuclear power

► Wind direction and speed are useful in emergency response.

► Historical data and weather forecasts can guide site planning 
and construction.

► Radiation monitoring helps managers understand 
background levels and detect leaks.

► Hydrology information can inform plant managers of the 
status and availability of cooling water.

Gas

► Temperature forecasts 
provide the opportunity to 
regulate the pressure in 
sensitive gas pipes.

Energy

Upper air 
observations

Caspian sea

Heating demand
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Aviation

► The aviation system collects weather data 
useful in scheduling domestic flights.

► Airports share local weather conditions such 
as wind speed and visibility with each other to 
ensure safety from take-off to landing.

Mountain roads

► Information on snow 
conditions guides avalanche 
control measures that keep 
mountain roads safe for travelers.

Highways

► Drivers can use information on 
road conditions – ice, snow, rain, 
fog and wind – to plan their trips, 
and trucking companies can use 
this same information to project their 
fuel consumption and travel times.

Secondary roads

► Extreme weather warnings alert 
travelers to dangerous conditions.

► Planners can use historical 
weather and hydrology information 
to locate roads and bridges to 
minimize flooding effects.

Railroads

► Extreme heat, which can 
affect the tracks, and snow 
and dust storms are some of the 
weather hazards for rail traffic. 

► Forecasts for extreme weather can 
help schedulers plan for safe travel.

Ports

► Hydrometeorological forecasts 
can help port managers 
prepare for shipping 
contingencies.

The AMDAR Observing System 

Weather radar is an expensive 
and sophisticated instrument 
commonly used in aviation to 
detect wind and precipitation.

Transport and logistics

Caspian sea

Forest protection belt

Dust storm
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Climate change

► Long-term projections are 
crucial in business planning.

Hiking

► Daily and hourly weather 
forecasts can keep hikers safe.

Community-based tourism

► Short-term weather forecasts help tourists develop their plans.

► Weather information guides operations and maintenance.

Beach, lake and 
sea tourism

► Seasonal forecasts 
inform vacation 
planning.

Mountaineering

► Forecasts for wind, 
visibility and storms can 
keep climbers safe.

► Weather forecasts are 
crucial to maintaining 
safety in helicopter flights.

Holidays

► Weather forecasts may 
help planners schedule 
holiday events.

Sport events

► Short-term forecasts 
help organizers prepare 
for events.

Alpine

► Avalanche warnings promote safety.

► Historical and current weather information 
can guide planning and construction.

► Short-term weather forecasts can guide 
operations and maintenance.

► Forecasts and reports inform skiers and 
snowboarders of snow conditions.

Weather

Avalanche
  High

Sports, tourism and outdoor events

Changes in snow cover 
extent and duration
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3
Hydromet information

and services

The trend towards automation in weather observations began about 20 years 
ago, and the countries of Central Asia are starting to catch up. World Bank pro-
jects in Tajikistan and the Kyrgyz Republic over the past 10 years have added 
automated observations at manual stations, and have advanced the integration 
of the systems.

Automated meteorological station, Sangiston, Tajikistan
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Common hydromet 
information and services

Hydromets’ atmosphere and upper air obser
vations include sunshine, cloud cover and type, 
the atmospheric profile and phenomena, the 
ozone layer and pollutants. Hazard and special 
observations range from glaciers, snow reserves 
and avalanches to flash floods and flood risks. 
Weather observations near the surface include 
temperature, wind speed and direction and rain-
fall, while environmental observations cover air 
pollution, radiation levels and heatwaves. Surface 
hydrology observations include water levels and 
discharge, water phenomena and water quality. 
Vegetation and soil observations include veg-
etation phases, soil temperature and moisture 
content and drought risk. Marine observations 
include waves, floods and ice events. 

The new equipment is more technologically 
advanced and comes with new maintenance 
requirements, and the transmission and inte-

gration of data need to evolve to ensure smooth 
operations. The implications for staff remain 
an open question, but the adoption of a more 
client-oriented approach – favoured by WMO 
– may entail local hydromet stations providing 
direct services, and local staff receiving training 
in client relations.

The global data system includes data accessible 
to hydromets through the WMO Information 
System and through the global telecommuni-
cation system, and includes data from satellite 
systems. Hydromets produce data in their na-
tional systems, which also include data pro-
duced by other agencies or the private sector or 
academia. A key requirement for an information 
and communications system is broad bandwidth 
access to the Internet for accessing large data 
volumes from global prediction centers and from 
satellite and ground-based remote sensing.

36

The reliable generation of timely and accurate 
meteorological and hydrological forecasts calls 
for the higher resolution numerical guidance 
increasingly available from the WMO global 
production centres. The World Bank encourages 
hydromets to base forecasts on ensemble pre-
dictions and to provide users with warnings of 
the potential impacts and the severity of the 
risks. To produce and deliver services that are 
relevant and responsive, hydromets need to 
understand the kinds of decisions their users 
make, and how they use hydrometeorological 
information.

Kaz Hydromet building 
in Almaty

Checking equipment, Tajikistan 

Thermometer housing, Turkmenistan 
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Processing information

National 
hydromet service 

Global and
regional

Users

National

Other

users around
the world

central government & 
local authorities

Observations

- meteo stations
- hydrometric stations
- upper air, air quality
- weather radar

Service delivery

- information products
- client relations
- international obligations
  & data exchange

IT & communications

- high performance computing
- data collection
- automated weather   
  stations
- data storage & analysis
- website & servers

Forcasting

- satellite producs
- numerical weather   
  forecasts
- early warning & 
  special forcasting

communication via
   - email
   - bulletins
   - telephone
   - website

transport

mining
and industry

agriculture

energy

cities & 
building sector

citizens & 
mass media

Service production and delivery systems
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Science stations
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Agro stations

Marine

AMDAR

Satellites

Collecting observations

               Hg    NOx    VOCs   NH
3    PM    Pb    Cd    SO

2

ozone layer O
3

1

2
3

Atmosphere and
upper air observations

Near surface
weather observations

Hazards and
special observations

Vegetation and
soil observations

Marine observations

6

7

Surface hydrology
observations 5

Environmental quality
in densely populated areas4

1. Atmosphere and upper air observations
   1.a sunshine  
   1.b atmospheric profile and phenomena
   1.c cloud type and cover
   1.d ozone layer, global pollutants

2. Hazards and special observations
   2.a avalanches
   2.b snow reserves
   2.c flash floods, flood risk
   2.d glaciers 

3. Near surface weather observations
   3.a rainfall
   3.b air temperature  
   3.c wind speed and direction

 
4. Environmental quality 
   in densely populated areas
   4.a air pollution  
   4.b radiation levels
   4.c heatwaves

5. Surface hydrology observations
   5.a water level and discharge  
   5.b water phenomena
   5.c water quality

 
6. Vegetation and soil observations
   6.b soil temperature and humidity
   6.a vegetation phases  
   6.c drought risk

7. Marine observations
   7.a waves
   7.b ice events  
   7.c sea level

2.a

1.a

2.d

3.b

3.a

4.a

3.c
2.b

2.c

1.c

1.b

1.d

4.b

4.c

5.a

5.b

5.c

7.a

6.b

6.a
6.c

7.c
7.b

      Atmospheric pollutants and gas
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2 000 m

3 000 m

deforestation affects 
surface runoff and 
may augument flooding risk

4 000 m

Meteorological stations Hydrological
stations

Future hydrological
stations

Impact-based forecasting: extreme weather preparedness 

impermeable
surface and urban heat
affects micro-climate

heatwave,
pollution

avalanche
risk

snow
accumulation
and melt

glaciers

intense
rainfall

urban areas

water systems

agriculture

hydropower

infrastructure

pastures
mining sites

densely populated
rural areas

aviation and airports

Impact-based forecasting: sound water and energy management 

logistic
hubs

Meteorological stations 

 

Meteorological radar and
lightning detection systems

Hydrological stationsUpper air observations

Air quality stations Agromet 
station

Suggested 
expansion of 
the network

Suggested expansion
of the network

AMDAR

* Significant parts of Tajikistan and 
  Kyrgyzstan are above 3 000 m

Weather and climate extremes
Size and intensity

Forecasters project likely develop-
ment of severe thunderstorms with 
intense rain and gusting winds. 
Meteorological network provides 
observation data in near real time.

Weather-linked hazards
Inundation and strong winds

Flood is likely to result from 
intense rain that could be 
aggravated by a storm surge and 
wind damage. Hydrological stations 
detect rising water levels.

Impact estimation
Disruption of services, affected 
population

Specific parts of a city likely to be 
affected – flooding of roads, and 
wind damage to power systems is 
likely.

Risk reduction and response
Evacuation, recovery

Residents get timely and clear 
warnings and advice on how to 
respond.

Weather and climate extremes
Size and intensity

Forecasters project heatwave. 
Hydrologists report high snow 
reserves in the mountains. This 
combination may cause rapid snow 
melt over an extensive area even at 
high elevations.

Weather-linked hazards
High water levels

Rapid increase in river flow is 
likely, with possible glacial lake 
formation posing risk of floods.

Impact estimation
Dam overflow risk

Reservoirs behind hydropower 
dams are likely to fill quickly and, 
if operators do not take measures, 
the dam may overflow.

Risk reduction and response
Controlled release of water

Power operators and dam 
engineers get timely and clear 
warning and respond with risk 
mitigation measures.

Densely populated areas Sparsely populated areas

The participants of a WMO High Mountain Sum-
mit (October 2019, Geneva) issued a global call 
to action to avoid an impending crisis related to 
mountain weather, climate, snow, ice and water. 
Their concerns include the scarcity of obser-
vations in the mountains, the fragmentation 

of the available data across organizations and 
the importance of these observations and data 
in the development of policy and risk reduc-
tion measures. The call for action is global, and 
recognizes the mountains as a source of global 
fresh water. 
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Weather and water in the mountains

Areas of special focus in Central Asia

Elevation
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Special focus: mountain areas - weather and water in Central Asia
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Source: Armstrong et al 2019 in Regional environmental change, Vol 19, Issue 5.
Runoff from glacier ice and seasonal snow in High Asia: separating melt water sources in river flow

Densely populated areas 
The users of hydromet services in densely pop-
ulated areas include – in addition to the general 
public – officials responsible for public health 
and safety, air quality, water supply and quality, 
and nearby farmers. The observation networks 
in these areas collect data from a range of 
sources – airports, weather balloons, upstream 
hydro stations, and air quality monitors. These 
networks are easier to maintain than remote 
stations, but the expectations of users continue 
to grow. Cities that cover large geographic areas 
are interested in hourly and location-specific 
forecasts. These growing demands imply a need 
for a more extensive network of stations and for 
the integration of other sources of information 
into the system. 

Sparsely populated areas 
The region’s sparsely populated steppes and 
deserts are vast, and the relatively few obser-
vations currently collected are sufficient for 
hydromet purposes. Population density in the 
mountains is also low, but the weather here 
affects more than the local residents. Water 
reserves for the region form in the mountains, 
and water forecasting for the region requires 
mountain information. In addition, people in 
the mountains face particular weather-related 
hazards and highly specific local conditions. 
The variations in weather caused by the moun-
tains themselves render models less accurate, 
and while remote sensing helps, ground obser
vations remain essential. Current coverage up 
to 2 000 metres in elevation is generally suffi-
cient, but blank areas remain where hydromet 
stations do not report. Mining operations, which 
are often located above 3 000 metres, need 
better information.

The spring and summer run-off provide water 
for agricultural use, and can offset the conse-
quences of reduced precipitation in low water 
years. While glaciers store water over decades 
and longer, the snowpack stores water from 
season to season, and evens out the fluctua-
tions in precipitation. Glaciers are essential in 

summer flows, and the amount of water 
available varies by the size and elevation 
of the glaciers. 

Hydromet services are of crucial importance 
in developing information related to river flow. 
Snow melt and glacier melt from the Pamir, 
Hindu Kush and Tien Shan mountain ranges 
supply the Syr Darya and Amu Darya rivers  
– the main water sources in Central Asia. Snow 
accumulation in the winter is a key factor in river 
flow, and the melt water reaches maximum flow 
in the summer. 
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Contribution of rainfall, snow and glacier melt to river 
discharge in the mountain areas above 2 000 meters

Automated meteorological 
station at the Barkrak 
Glacier, Uz Hydromet
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Snow and ice observations in the mountains

Ground observation
of glaciers
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Glaciers and high mountain
climate observation

Glacial monitoring sites

Map produced by Zoï Environment Network, September 2019
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Glaciers and permanent snow

Glacier observations in the mountains
As visual indicators of climate change, glaciers 
are easy to understand – as global warming 
progresses, glaciers shrink in length and mass. 
And because of the importance of glaciers in 
water resources, hydromets and scientists 
are interested in the changes in glaciers and 
the effects on river flows. Remote sensing 
and continuous on-site monitoring of glaciers 
and snow cover are necessary to close the 
gaps in understanding of the effects of global 
warming on the cryosphere in Central Asia, 
and hydromets in the region need to increase 
the range and depth of their data collection. 
The current glacier measurements and data on 
changes in run-off cannot sufficiently reduce the 
uncertainties associated with the interactions 
between climate and the cryosphere. Close 
monitoring of changes in glacier mass and 
length is essential to the making of accu
rate water resources projections, and the 
monitoring of permafrost will be increasingly 
important. Fortunately, progress is underway, 
and hydrologists, meteorologists and climate 
scientists in the region are starting to close the 
gaps and build hydromet capacity.

Glacier observations in the Pamirs, Tajikistan
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Concerns about the future climate change effects on water in Central Asia will play out in four separate scenarios. In the first – highly glacierized 
basins – the changes in the timing and seasonality of run-off from the mountains will reach peak water in the next 20–30 years, and water flows 
later in the century will diminish.

Significant reduction
in flow 

Present

J F M A M J J A S O N D

Months

Future

Peak seasonal flow
and flood 

Flooding extent

Future Future

Present
Present

J F M A M J J A S O N D

to more precipitat ion and
rapid snow melt   

J F M A M J J A S O N D

Months

Seasonal shift
in water availability

More pronounced
inter-annual water fluctuations

Snow pack declining due
to warmer temperaturesWithout glaciers

due to increased evaporat ion

With glaciers

Present

Present
Glaciers  contr ibute impor tant

summer months

50-70 years  from now
Less  water  secur i t y

in  hot  and dr y  years

Present

°C

Future

Future

Seasonal
glac ia l  melt
contr ibut ion

mm

Basel ine 

Cl imate 
change

Glacier  water
supply  diminished 

2

3

4

Mountain areas with some glaciers and significant snow reserves

Northern regions of Central Asia, including grasslands of Kazakhstan

Southern regions of Central Asia, including drylands 
of Turkmenistan and Afghanistan

Significant reduction
in flow 

Present

J F M A M J J A S O N D

Months

Future

Peak seasonal flow
and flood 

Flooding extent

Future Future

Present
Present

J F M A M J J A S O N D

to more precipitat ion and
rapid snow melt   

J F M A M J J A S O N D

Months

Seasonal shift
in water availability

More pronounced
inter-annual water fluctuations

Snow pack declining due
to warmer temperaturesWithout glaciers

due to increased evaporat ion

With glaciers

Present

Present
Glaciers  contr ibute impor tant

summer months

50-70 years  from now
Less  water  secur i t y

in  hot  and dr y  years

Present

°C

Future

Future

Seasonal
glac ia l  melt
contr ibut ion

mm

Basel ine 

Cl imate 
change

Glacier  water
supply  diminished 

2

3

4

Mountain areas with some glaciers and significant snow reserves

Northern regions of Central Asia, including grasslands of Kazakhstan

Southern regions of Central Asia, including drylands 
of Turkmenistan and Afghanistan

In the second scenario – medium glacierization at lower eleva-
tions – warming temperatures will reduce the snowpack, the gla-
ciers will lose mass and flows will decline over time. Toward the 
end of the century, as less water is available from glaciers, water 
insecurity may be compromised in hot, dry seasons. In the northern 
parts of the region where there are no glaciers – the third scenar-
io – rising temperatures will result in more precipitation falling as 
rain instead of snow, and in reduced snow cover and rapid snow 
melt. This will increase both peak flow and the extent of flooding. 
The dry southern parts of the region with no glaciers – the fourth 
scenario – can expect reductions in flow. In all cases, the hydro
mets can play a crucial role in tracking the changes in temperature, 
precipitation and glaciers, and in measuring the flow of rivers.



48 49

Mitigation and clean energy Adaptation

Greenhouse gas emissions
GHG inventories
Sectoral improvements and carbon markets
Land and forest management

Growth in renewable energy
Wind, solar, biomass and hydropower
Economic incentives

Climate monitoring
and early warnings

Global data exchange

Climate financing and 
technology transfer

Needs assessments

Prominent role

Supportive role

Service provision

Education, training 
and public awareness

Training and teaching

Increasing energy efficiency
Stoves, buildings and cars
Industry and agriculture 

Climate resilience in key economic sectors
Hydropower and critical infrastructure
Agricultural and housing insurance
Diversification of income sources

National policies 
Climate Adaptation Action Plans
Link adaptation to economic development
Disaster Risk Reduction Strategies

Local involvement and site-specific activities
Increased participation of NGOs
Link adaptation to local self-governance
Traditional knowledge and innovationsGlobal 2ºC

target 

Monitoring, 
reporting and 

verification (MRV)

Participation in 
climate negotiations 

and reporting to 
UNFCCC

Nationally Determined
Contributions

(NDCs)

Climate modelling

Climate impact and 
vulnerability studies

Information dissemination

Green Climate Fund (GCF) 

Global Environment 
Facility (GEF) 

Adaptation Fund 
(AF)

Intergovernmental Panel 
on Climate Change (IPCC)

World Meteorological 
Organization (WMO)

Science, research, 
and systematic 
observations

Paris 2015 
Agreement

United Nations
Framework Convention

on Climate Change
(UNFCC)

Rapid glacial melt and lake outburst floods

Heavy rain causes flash floods and landslides

Seasonal melt water flooding

Factors that amplify flooding 

thurnderstorm and 
intense rain

Special role of Central Asia hydromet services 
in flood risk monitoring & response

remote sensing

alarm systems

flash flood guidance

glacial dam lakes

small lake

growing glacial lake

slope instability 
and rockfalls

surging glaciers can
block river flow

flash flood
earthquake that might 
trigger landslide

landslide triggered
by saturation of soil

weather radar

weather and water 
forecasts

wind, wave and
storm surge forecast

rapid snow melt 
in highlands

flood risk

frozen soils and rivers

storm surge

warm weather

mountain 
forest

cleared 
forest areas

intensified 
run-off from 
the mountains

water does
not stop and
slides down

intense rain

intense rain

rainwater accumulates on 
roads due to impermiable 
surface and lack of drainage

rapid glacier melt due 
to climate warming, 
more intense and 
prolonged heatwaves

Flood risk Climate change responses

Glaciers erode the land and form 
depressions that fill with water as 
the glaciers melt. Climate change is 
accelerating the melting of glaciers 
and increasing the rate of glacial 
retreat. The number of glacial lakes 
may increase, and the ice dams may 
give way in sudden releases known 
as glacial lake outburst floods. 
These events tend to build in power 
and scale as they move downstream 
collecting sediments, unconsolidated 
rocks and debris. 

Heavy rains can trigger flash floods 
and landslides, especially in moun-
tain areas where slopes are cleared of 
vegetation. Without the root systems 
of trees and shrubs to hold the soil in 
place, these slopes can give way as 
sheets of rainwater sweep downhill. 
Weather forecasts for heavy rains can 
provide some warning for downstream 
communities, but hydromets have 
little role in improving slope stability.

Flatland rivers and streams are 
subject to springtime flooding when 
sudden warming melts snow faster 
than the ice in rivers. Frozen soil 
channels the melt water into the 
rivers, and floods can develop rapidly 
as the melt water flows over the river 
ice. The timing and scale of these 
events are hard to predict, but hydro
met forecasts of quickly rising tem-
peratures along with weekly hydro-
logical forecasts can provide some 
warning.

Impermeable surfaces in urban areas 
and the absence of vegetation on 
slopes in rural areas contribute to 
flooding by accelerating the downhill 
course of water. Inadequate drainage 
in built-up areas contributes to this 
run-off problem.

In Central Asia, hydromets play a 
larger role in climate change than hy-
dromets in other areas. Their involve-
ment often extends to the compiling of 
greenhouse gas inventories, national 
reporting to the UNFCC, acting as focal 
points, participating and even leading 
delegations to international climate 
change conferences, and coordinat-
ing national climate change policy. As 
more agencies and ministries become 
engaged in climate issues, and as cli-
mate change knowledge and exper-
tise become established throughout a 
range of sectors, hydromets are likely 
to occupy a less prominent role.
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4
How hydromets function

Basic weather forecasting builds on a foundation of observations and measure
ments taken remotely from satellites and balloons, and from an array of ground 
stations, many of which are automated and many still manual. These activities 
generate huge amounts of data that need to be transmitted, processed and 
analysed, and the global weather enterprise now relies on cloud computing for 
the capacity required. National and regional hydromet centres work together 
with the global weather and climate data centres to generate information 
for weather forecasts and early warnings and for analysts and managers in 
climate services, agrometeorology and hydrology. Hydrological information is of 
particular importance in Central Asia, where densely populated areas depend on 
irrigated agriculture, and the energy security of the mountain countries rests 
on the reliability of water flow information and forecasts. 

Top: Automated river gauge, Yezgand, Tajikistan 

Bottom: Forecasters’ room, Tajikistan
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How hydromets function

Most of the labour force in hydromet services is 
occupied with manual observations in stations 
typically staffed with 3–4 people providing 
around-the-clock coverage. The transition from 
manual to automated observations entails a 
four- to five-year period of parallel observations. 
Cross-border data sharing among hydromets 
improves the reliability of forecasts, and radar 
and numerical forecasts, which are more ex-
pensive, increase the accuracy of short-term 
forecasts. The hydromet situation rooms, where 
forecasters use multiscreen displays to handle 
information from several sources, are migrating 
to all-in-one stations that allow the forecasters 
to overlay the separate displays.

The climate services function prepares analys
es and tracks trends in temperature and pre
cipitation and other hydrometeorological 
data, produces information for key economic 
sectors and policymakers, and reports to the 
United Nations Framework Convention on Cli-
mate Change. As the Central Asia hydromets 
approach their 100th anniversaries, they have 
enormous amounts of historical data that may 
be useful in climate change analyses, but not all 

the data are digitized, and even those data that 
are digitized can be difficult to retrieve.

Agrometeorology takes basic climate informa-
tion and collects supplemental information of 
interest to agriculturists – pasture conditions, 
soil moisture content, and phenology – and 
provides forecasts and analyses to government 
officials and farmers. The agrometeorology 
products rely on remote sensing for collecting 
information on vegetation and land use.

The hydrology function mirrors weather fore-
casting in its range of remote and ground-based 
collection of observations, and in its processing 
and analysis of the data. Climate trends in pre-
cipitation patterns and the cryosphere inform 
the projections of river flows, and help water 
managers adjust their plans to the changing 
parameters. Hydropower operators in particular 
need hydrology forecasts so they can balance 
power production against downstream water 
user needs. Public health and safety officials 
rely on the combination of weather and hydrol-
ogy forecasts to prepare for drought and heat 
stress on the one hand and flooding on the other.

In most regions of the world, meteorological 
and hydrological functions are separate, but 
they have always been together in Central Asia 
– a model that WMO wants more countries to 
follow. Hydrology services are less well known 
than weather services, but the importance of 
water for Central Asia hydropower and irrigation 
is so great that some national hydromets in the 
region have more hydro stations than weather 
stations. The hydromets track snowpack, riv-
ers, lakes and the Caspian Sea and reservoirs 
behind hydropower dams, but do not track dam 
discharges or water diversions to canals. These 
diversions of unknown quantities of water com-
promise the ability of analysts to make down-
stream projections.

Transport safety on roads and waterways 
depends on weather and hydrology forecasts, 
and on specialized observations that alert 
officials to the risk of avalanche, icy conditions, 
landslides and glacial lake outburst floods. 
These observations come from fixed sensors 
and cameras, manual stations, snow gaug-
es and mobile radar on the ground, and from 
drones, helicopters and satellites. Specialized 
observations are typically related to seasonal 
occurrences – with avalanche monitoring being 
the most common – or to specific research.

Environmental monitoring is another type of 
specialized observation, and includes air, water 
and soil sampling and analysis as well as radi-
ation monitoring, which benefits from a robust 
network dating from the Cold War era of nuclear 
testing and later applied to nuclear power. Lab 
testing produces findings for reports on pollu-
tion and radiation levels. 

Many hydromets have all their functions under 
one roof – sometimes as part of larger ministry 
– but do not necessarily integrate all their data. 
User engagement is a developing dimension in 
hydromet services, but for research and devel-
opment, the hydromets generally rely on outside 
expertise, a situation that can mean that local 
knowledge plays little or no role. Professional 
education for hydrologists and meteorologists is 
limited in the region.

52

Climate records archives, 
Kyrgyz Hydromet

Installation of new equipment, Tajikistan
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Forecast accuracy
Weather forecasts for 1–3 days or one week 
are easier to make than hourly forecasts, and 
tend to be more accurate, while the one-month 
forecasts are less precise. Projections for one 
month or for a season are based on current 
information, historical probabilities and profes-
sional experience, and are indicative of what to 
expect relative to the long-term average.

Hourly hydrological forecasts rely on informa-
tion on rainfall and on soil and ice conditions in 
watersheds, and typically relate to warnings of 
flash flooding. Water flow forecasts for up to a 
week out use data on snow cover, precipitation 
and river conditions. Monthly and seasonal fore-
casts rely on modelling.

Wind gusts, heavy rains and flash floods are 
highly influenced by geography and can develop 
in minutes or hours. Issuing early warnings for a 
particular time and place for these events is chal-
lenging, but radar and high-resolution numerical 
weather prediction models are improving the 
accuracy of forecasts. For cold spells, heatwaves 
and droughts, forecasters provide reasonably 
accurate predictions over longer periods.

4. Payment for customized data or services

2. Information search and online request

3. Free advice or paid services depending on request

5. Services tailored to user's need

How to get hydromet information

6. The benefits of using hydromet services

1. Demand for customized climate data
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reference 

book
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Where can I get 
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Help Desk

Website and app

Hydromet 
marketing 
department

How to get hydromet information
The basic products of all hydromets are weather 
forecasts and early warnings, which are always 
free and widely distributed. In Central Asia, like 
in many other parts of the world, the national hy-
drometeorological services were established as 
production organizations charged with collect
ing observations, managing data and making 
weather forecasts. Client service was not part of 
their work, and providing additional information 
to users exceeded the original mandate. Conse-
quently, the hydromets developed the practice 
of charging fees based on units of data request-
ed. As the practice evolved, hydromets began 
working to provide high quality data that meets 
the complicated requirements of users, and to 
provide advice on what information users might 
need. Now, some subscription services are 
available, and hydromets can calibrate equip-
ment and participate in contractual assignments 
for special purposes or major projects. As hy-
dromets transition to a digital environment, they 
may develop a more sophisticated way to provide 
customized services and set fees.
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Other observation

Hydromets follow World Meteorological Or
ganization standards in making observations, 
collecting and analysing data and preparing 
forecasts. They collect their data for specific 
hydromet purposes, but others also collect 
observations and conduct analyses and hydro
mets and their users may benefit from some 
data-sharing arrangements.

Advanced
Scientists conducting glacier research have 
installed many expensive, technologically ad-
vanced stations that provide reliable data. An 
exchange of data with hydromets data could 
benefit both parties. Similarly, airports oper-
ate expensive weather radar that collects the 
high-quality observations necessary for aviation 
safety, and while the sector cooperates with hy-
dromets, not all aviation data are integrated into 
forecasts. The development of a weather radar 
network would require new institutional and 
technological arrangements, but would less ex-
pensive than duplicating the radar installations 
and would improve short-term forecasting.

Basic
As small farms in the region replaced industrial 
operations, many more individual growers now 
need weather and climate data that is specific 
to their location and crops. While some farmers 
subscribe to remote sensing services for infor-
mation on local conditions, other growers set 
up their own mini-stations, and collect and use 
basic data. Many more farmers are now among 
the hydromets’ clientele, and opportunities exist 
for data sharing and closer client relations.

Sector-specific
Some organizations gather specific information 
to fill their data gaps through the installation of 
their own narrowly focused stations that collect 
those few observations that fill in missing pieces 
in the hydromet coverage. The linking of the ob-
servations from these stations with the hydro
met observations may benefit both parties, and 
in the longer term the exchange of data may 
lead to deeper cooperation and mutual adjust-
ments of equipment and measurements.

Relocation 

Built up 

Relocation of stations
On occasion, a hydromet station needs to be 
relocated in response to new conditions in its 
vicinity. Longstanding urban stations may have 
cities grow up around them as large buildings 
replace open spaces, and over time the micro-
climate around the station changes and affects 
the observations. Remote stations may have to 
give way to road or mining developments or to 
changes in property rights. Where such stations 
have been collecting data in long time series, 
the relocation can disrupt the series, even in 
short-distance moves. From the perspective of 
the data, these are new stations, and the long-
term continuity of the original station may be 
lost, in which case analysts may have to recon-
cile the new with the old. 

Development near the Almaty meteorological station
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-5°C -5°C 
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International weather apps
Twenty years ago, official hydromet forecasts 
were the sole source of weather information in 
the region, and most people got these reports 
via television or radio. Now mobile weather apps 
are available on many media, and accessibility 
matters more to some users than the reliabili-
ty of the information. Hydromets in Central Asia 
maintain official weather websites, but do not yet 
offer mobile apps. The Meteo Swiss app is a fine 
example of how to present integrated informa-
tion on multiple parameters in an easy-to-un-
derstand format, and Central Asian countries 
are interested in learning how to emulate the 
Swiss success with their own weather apps to 
reach their users more directly. 

Diverse sources of weather information

Weather 
online 

Hydromet public information products 

Citizen observations vs. official reports
Hydromets throughout Central Asia follow WMO 
guidelines, and use standardized equipment and 
procedures for observations and measurements. 
The protocols for these measurements are well 
developed, and are professionally implement-
ed. Now that car and window thermometers 
and personal air quality monitors have become 
so popular, members of the general public feel 
empowered to take issue with any official reports 
that fail to agree with their own measurements, 
notwithstanding the vast differences in the 
quality of the instruments and the rigour of the 
protocols. With their credibility at stake, hydro
mets may want to consider how to help the public 
understand the differences and the nuances.

Heat index and wind chill
The way we experience colder temperatures 
depends on the wind, and the way we experience 
hotter temperatures depends on the humidity. 
The differences in what we experience and what 
the thermometer says are expressed as “wind 
chill” and “heat index”. When the temperature 
is -5°C, for example, and the wind speed is 40 
kilometres per hour, we experience the temper-
ature as -14°C. Similarly, when the temperature 
is 32°C and the relative humidity is 80 per cent, 
we experience the temperature as 44°C. 
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5
Country profiles

The national hydrometeorological services of Central Asia provide hydrometeo
rological information for the common and specific needs of their countries 
and key sectors. Central offices of all national hydrometeorological services are 
located in the capitals.

Top: Oil pump, Kazakhstan

Bottom: Pomegranate farmer, Tajikistan
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Country profiles

National and regional centres 

The national hydromets in Central Asia all ben-
efit from their common legacy from the Soviet 
era when the hydromets combined meteorology, 
hydrology and environmental observations in an 
integrated, well-funded approach. This organiz-
ing principle distinguishes hydromets in the re-
gion from those in many other countries where 
the services are segregated. After independ-
ence, some of the countries could not maintain 
the same level of funding, and the quality of the 
stations and equipment declined, while others 
managed to maintain their networks. 

Climate facts from Central Asia

Seasonal winds
and fire risk

Largest seasonal
ice covered area,
Caspian seal 
habitat

Densely populated
area vulnerable 
to water deficits 
and drought

Driest area of 
Central Asia

Hottest capital 
of Central Asia

Densely populated
area dependent on 
rain and glacier 

water

Largest river
of Central Asia

Coldest and
sunniest high

mountain area

Largest
glaciers

Rich walnut
forest in wettest
and warm areas

Most snow and
avalanche risk

Strongest
winds

Glacial lakes
and ice dams

Coldest capital
of Central Asia

Climate conditions 
most favorable for 
grain cultivation

KAZ

TJK
TKM

UZB

KYR

Flattest low-lying area
prone to flooding due 
to storm surges and 
sea level fluctuations

Northern 
Caspian Sea

Caspian
lowland

Northern
Kazakshan

Nur-Sultan

Altai

Zhungar 
Gates

Kamchik, Karakol

Arslanbob, 

FedchenkoPamir
Amu Darya

Ashgabad

Aral Sea Ili Alatau

Karakum
Zeravshan

Qarshi

Grasslands

 Khovaling

National and regional centres

KazHydromet, central office
Regional flash flood guidance center

Turkmen Hydromet

KazHydromet, Almaty office 
Regional Centre for Hydrology

Kyrgyz Hydromet

Tajik Hydromet

Uz Hydromet
WMO Regional Specialized Meteorological Center

WMO World Meteorological Centre in Moscow
Russian hydromet service and institutions

Nur-Sultan

Almaty

Bishkek

Dushanbe

Tashkent

Ashgabat

KAZAKHSTAN

UZBEKISTAN

TURKMENISTAN
TJK

KYR

Regional specialized Meteorological Center
under the World Meteorological Organization

Main functions and areas of expertise:

Regional Center for Hydrology under the
Interstate Foundation for the Aral Sea

Main functions and areas of expertise:

Numerical weather forecasting,
support regional access and
downscaling of weather products

Regional severe
weather forecasting

Quality control of observation data
and global / regional data exchange

Research, studies and expeditions
on glaciers and water resources

Support best practices and training
on hydrology and its applications

Coordination and implementation
of the international projects on
climate and hydrometeorology

Tashkent Almaty

Tashkent, once the scientific and communication 
hub for all Central Asian hydromets, has tran-
sitioned to serving as the WMO Regional spe-
cialized meteorological centre (RSMC), which 
will feature prominently on the regional scene 
when the new numerical prediction models and 
could-based data exchange for Central Asia be-
come fully operational. The regional center on 
hydrology (RCH) is supporting hydrometeorolo-
gy modernization projects and promotes expe-
rience exchange. Among the current regional 
needs are glacier monitoring, regional climate 
outlooks and assessments, reliable seasonal 
water assessments for cross-border rivers, and 
the forecasting and early warnings for droughts 
and dust storms at the regional scale.

 

Meteorological station,
Almaty
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Kazakhstan
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Governmental agencies, local authorities and 
the general public receive free basic weath-
er and water information, early warnings and 
notifications about pollution levels and envi-
ronmental quality on a daily basis. The eco-
nomic sectors with the highest demand for 
hydromet services in Kazakhstan are aviation, 
transport, energy and agriculture. TV and other 
mass media are also interested in official Kaz 
Hydromet forecasts.

Domestic and international aviation is a key 
commercial Kaz Hydromet client. Aviation 
relies on localized and customized meteoro-
logical information, especially for upper air and 
radar observations. The rail and road trans-
port and energy sectors need data on extreme 
events in specific locations as well as month-
ly and seasonal outlooks to plan heating de-
mand and logistical connections and to ensure 
safety. As a major transit country in the region 
and with the increasing connections between 
Kazakhstan and China, Europe and the Middle 
East, the importance of hydrometeorological 
services for international transport and transit. 
The private-public partnership on the automat-
ed meteorological stations along international 
roads is an important step in that direction. The 
agricultural sector is an important producer of 
wheat and other cereal grains, and the country’s 
complicated hydrology calls for reporting and 
forecasts specific to local conditions. 

The State Enterprise Kaz Hydromet is organized 
to accommodate the scale of the country and 
the diverse climate conditions. Under the Min-
istry of Ecology, Geology and Natural Resources 
of the Republic of Kazakhstan, Kaz Hydromet 
includes branches in all 15 provincial capitals 
as well as central and science offices in Nur-
Sultan and Almaty. Founded in 1922, the nation-
al hydrometeorological service of Kazakhstan 
has grown over the years into a sophisticated 
network consisting of 328 meteorological sta-
tions and 310 river and lake gauges, many of 
which report daily to the global observation sys-
tems of the World Meteorological Organization. 
Several meteorological stations of Kazakhstan 
have conducted continuous observations for 
100–150 years or more. 

More than 3 300 people are employed and 
most observations are still taken manually by 
field-based staff. The state-funded hydrom-
et modernization programme is investing in 
the expansion and upgrade of the network of 
meteorological radar, automated stations and 
new methods and technologies of weather and 
water forecasting, all of which result in greater 
accuracy.

Kaz Hydromet stands out in Central Asia in on-
line availability of the basic information, includ-
ing via mobile applications and text messaging, 
and provides early warnings, environmental 
quality monitoring and weather data. It pub-
lishes annual climate overviews, and runs its 
own climate models. An agrometeorological 
network of more than 200 stations supports 
farmers at all stages of crop planning and pro-
duction, including forecasts of wheat yields, 
monitoring of soil moisture and assessments 
of damages caused by severe weather events. 
These assessments are mandatory for agricul-
tural insurance.

Hydrological bulletins and forecasts appear on 
Kaz Hydromet website daily. Data from six Kaz 
Hydromet maritime stations on the Caspian 
Sea are published weekly. A national magazine 
on hydrometeorology and ecology is published 
quarterly. 
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Kazakhstan 
Land cover and features

Windy, cold Kazakhstan covers some 2.7 million 
square kilometres, and its unevenly distribut-
ed population lives mostly in the steppes and 
highlands. Its geographic features include the 
shallow northern Caspian Sea, vast wind-swept 
steppes, sandy and stony deserts and the mag-
nificent Altai, Jungar and Tien Shan Mountains. 
All of Kazakhstan’s main rivers – Syr Darya, 
Ural, Irtysh, Ili, Chu and Talas are cross-bound-
ary and originate outside of the country. Seasons 
are well defined with harsh and snowy winters 
and hot and dry summers. Droughts, floods, 

strong winds and storm surges, cold snaps and 
avalanches are among the weather hazards af-
fecting Kazakhstan. Climate warming is evident 
across the country and has already resulted in 
intense glacier melting and loss, which in turn 
changes the timing and magnitude of floods and 
leads to a multitude of future impacts. With its 
cold climate and high reliance on coal for energy, 
Kazakhstan emits more greenhouse gases than 
other countries of Central Asia, but the country is 
increasingly tapping its great potential for clean 
renewable energy – solar, wind and hydropower. 
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Main clients of general and customized hydrometeorological 
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Kyrgyz Hydromet performs its functions accord-
ing to the international WMO standards and rec-
ommendations, and provides governmental au-
thorities, the general public and key economic 
sectors with weather forecasts and early warn-
ings, and conducts environmental monitoring. 
The energy, mining, transport, agriculture and 
tourism sectors all rely on Kyrgyz Hydromet in-
formation and services.

The mountains of the Kyrgyz Republic play 
a special role in water formation for greater 
Central Asia, and hydropower stations here are 
crucial elements in managing water resources 
for downstream users and for the production of 
electricity for domestic purposes. The hydro-
power and mining sectors – both operating in 
the high mountains – use specialized hydrome-
teorological information for planning business 
operations, ensuring industrial safety and antic-
ipating production peaks and lows. Mining sites 
are scattered across the country, and climate 
services are an increasingly important part of 
planning for safety and for conducting impact 
assessments.
 
Road expansion is booming in the Kyrgyz 
Republic, and surface and air transport con-
nects the country's regions. Climate and water 
information is essential for planning, and the 
reliability and safety of transport operations are 
directly related to weather conditions and early 
warnings of the risk of mudflows, avalanches 
and wind gusts. 

Emerging new forms of agriculture such as 
greenhouses, drip irrigation systems and in-
tense orchards require specialized and local-
ized weather data. Their profitability depends 
on weather and climate. Farmers and herders 
benefit significantly from agrometeorological 
and climate services. Tourism is an emerging 
sector with its own needs for hydromet services 
related to snowfall and mountain safety.

The Agency on Hydrometeorology (Kyrgyz 
Hydromet) under the Ministry of Emergency 
Situations of the Kyrgyz Republic has its roots 
in the national hydrometeorological service es-
tablished in 1926. The oldest weather station – 
Asksu, on the northern coast of Issyk-Kul Lake 
– began its observations in 1856. Three other 
stations – Naryn, Baitik and Pacha-Ata – have 
climate records for more than 100 years. The 
high mountain stations at altitude of 3 000 me-
tres and above include Teo-Ashuu, Sary-Tash 
and Tien Shan with records of 60–90 years.

Today’s country observation network covers 55 
meteorological stations, including 3 operation-
al snow and avalanche stations. Two more ava-
lanche stations will be established soon to im-
prove public safety at strategic mountain roads. 
In addition to meteorology, half of weather sta-
tions monitor radiation levels. Supported by the 
World Bank hydromet modernization project, 
automated weather stations were installed at 
many manned stations and at remote sites to 
improve weather data coverage and forecast-
ing. Currently 78 river and lake gauges are op-
erational, but the level of automation in hydrol-
ogy remains low. 

In addition to the observation network upgrade, 
the hydromet modernization project invested in 
enhanced data management systems, numeri-
cal weather forecasting methods, a calibration 
laboratory, and distance learning centres in 
Bishkek, Osh and Cholpon-Ata. Digitalization of 
the massive historical data sets is progressing. 
Future plans include installation of early warn-
ing systems for glacial lakes, and upgrades of 
weather and water forecasting methods and 
technologies for higher accuracy. User engage-
ment and outreach will be growing. Consider-
ing the complex mountain weather and inac-
cessibility of many remote parts of the Kyrgyz 
Republic, the national hydrometeorological ser-
vice intends to expand its own network and to 
increase cooperation with other networks from 
scientists to key sector actors such as road and 
hydropower operators to provide better service 
and more complete geographical coverage. 

Data for November 2019
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Land cover and features

The complex atmospheric, geographic and 
topographic conditions in the small mountain 
country of the Kyrgyz Republic create distinct 
regional climates – in the Ferghana Valley, 
around the capital city of Bishkek, in the high 
elevations, and at Issyk-Kul Lake.

In the south, the Ferghana Valley features fa-
vorable conditions for agriculture, with a warm 
climate and natural protection against cold air. 
The central part of the country consists of high 

mountain plateaus, peaks and glaciers, and can 
be bitterly cold with quickly changing weather 
conditions. To the east, encircled by spectacu-
lar mountains, Issyk-Kul Lake exhibits a unique 
climate where one side of the lake is the driest 
area of the country and the other side receives 
the highest annual snowfall. In winter, the plen-
tiful powdery snow is a key asset for the famous 
ski resorts, and in summer, more than a million 
visitors, local residents and international tourists 
alike, come to Issyk-Kul for swimming and hiking. 
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In 2006 Kazakhstan and the Kyrgyz Republic 
established the commission on the use of wa-
ter management facilities in the Chu and Talas 
transboundary river basins. A joint board deter-
mines allocations and has considered climate 
change impacts and adaptation measures in its 
recent sessions and activities. The countries’ 
hydromets play a prominent role in the com-

mission’s work by conducting and coordinating 
water quality and quantity surveys and coordi-
nating efforts on climate modelling using the 
methodologies and experience of the United 
Nations Economic Commission for Europe and 
the Water Convention. The hydromets also pre-
pare and share with water planners monthly and 
seasonal water forecasts. 

Kyrgyz Republic 
Environmental monitoring network

Climate change impacts and adaptation
in the Chu and the Talas river basins
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Governments at all levels, emergency response 
authorities and the general public are the basic 
users of weather information and notifications 
of extreme events. The number one client for 
specialized hydrometeorological information 
is hydropower. Others include the aviation and 
transport sectors, and construction, tourism, 
telecommunications and agriculture are all 
poised to become users of specialized hydromet 
information and services.

Hydropower generation is highly sensitive to 
weather and water conditions and relies on 
forecasts for safe operations and good perfor-
mance, and Tajikistan produces almost 95 per 
cent of electricity at hydropower plants on the 
Vakhsh and Syr Darya rivers. Several power 
plants – large and small – are under construc-
tion. The hydromet service supports the hydro-
power sector and provides weather warnings of 
extreme events to the responsible authorities 
at all governmental levels with offices in every 
province. 

For the transport sector, the ridged mountain 
terrain of Tajikistan poses many challenges to 
road safety – avalanches and icy roads in winter, 
flash floods in spring, high temperatures and 
dust storms in summer. Booming construction, 
tourism and telecommunication sectors can 
all benefit from hydromet information, as can 
farmers, many of whom are not yet familiar with 
the benefits of weather information and agro-
meteorological services. Through intentional 
user engagement, Tajik Hydromet may raise 
their knowledge and awareness, and bring them 
in as clients. 

Tajikistan’s State Agency for Hydrometeorology 
of the Committee of Environmental Protection 
(Tajik Hydromet) is a key player in country’s 
climate, water and weather observations. Ten 
weather stations in Tajikistan are more than 
100 years old, and four date from the 1800s 
– Khujand (1866), Ura-Teppa (1873), Murgab 
(1892) and Khorog (1898). The peak density of 
the observation network was achieved in the 
1970s–1980s with 70–75 meteorological sta-
tions and 136 river gauging stations. But many 
of those stations were in the remote mountains 
and expensive to maintain. The meteorological 
station at the Fedchenko glacier is at an eleva-
tion of 4 169 metres. It was manned and func-
tioning between 1933 and 1995, and required 
helicopter deliveries of food and fuel supplies. 
Currently it operates as an automated weather 
station.

The current observation network in Tajikistan 
consists of 54 manned and automated (same 
location) weather stations and 96 hydrological 
stations. Many stations are being automat-
ed with support of the international hydromet 
modernization projects. Tajik Hydromet em-
ploys about 700 people, but there is shortage of 
a skilled personnel and young staff. Profession-
al training and higher education has improved 
access to numerical weather products and the 
quality of forecasts and early warnings. A high-
er level of automation of the observation net-
work and better links with remote stations have 
increased data availability. 

With support of international donors, Tajikistan 
plans to build a new Tajik Hydromet central 
office building, rehabilitate stations for better 
working conditions, introduce robust links to 
all remote stations, and improve access to re-
gional numerical weather models. New tools 
and technologies for remote sensing can help 
in water forecasts, glacier research and agro-
meteorological monitoring, while better user 
relations and better quality and diversity of Tajik 
Hydromet products will increase the applica-
tions of – and resulting benefits from – hydro-
meteorological information. 

Data for November 2019
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Map produced by Zoï Environment Network, September 2019
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Land cover and features

Weather and climate conditions in Tajikistan 
are strongly influenced by mountains. Half the 
country is above 3 000 metres, with the highest 
summits exceeding 7 000 metres. Glaciers 
including ice giants measuring 20–70 kilometers 
cover nearly 6 per cent of the country, twice the 
area of its forest cover. Winter temperatures in 
the mountains can be as cold as -50°C, while 
southern lowland deserts during hot summer 
months can reach over +40°C. Tajikistan is 
prone to natural disasters and ranks high on 

the international climate change impact lists. It 
is also Central Asia’s poorest country with high 
external debt – one of the reasons international 
donors provide development assistance mainly in 
the form of grants. Its rapidly growing population 
depends on rain-fed agriculture for food, and 
the national economy depends on irrigated 
agriculture for cotton exports. Glaciers and 
snow in the mountains comprise essential water 
reserve for the Amu Darya River, which drains 
into the Aral Sea. 
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The Amu Darya River forms most of the border 
between Afghanistan and Tajikistan, and is the 
longest, most complex river in Central Asia. 
The accuracy of hydrological forecasts for the 
Amu Darya depends upon the collection of many 
observations on its tributaries. Normal border 
security issues – plus the occasional gunfire – 
have limited the opportunities for observers to 
conduct their work safely, and reliable forecasts 
are rare. An agreement between the two coun-
tries for the exchange of hydrological data on the 

shared river has contributed to improved infor-
mation and awareness about the river, but data 
flow is still limited and irregular. The ongoing 
cooperation between the countries with support 
of the international community is exploring op-
tions for more robust hydrological observations 
and forecasting methods. The Upper Amu Darya 
is subject to seasonal flooding and flash floods, 
and Tajikistan’s cooperation with its upstream 
neighbour can improve flood risk forecasting 
and prevention.

Tajikistan 
Environmental monitoring network

The upper Amu Darya river basin and hydrology cooperation
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Main clients of general and customized hydro-
meteorological information in Turkmenistan

The typical consumers of hydrometeorological 
information in Turkmenistan, in addition to the 
key users among governmental ministries and 
the general public, are the construction firms, 
transport and energy companies, and farmers. 

Booming housing and commercial construction 
drive demand for climate information in the 
building sector, while oil and gas and transport 
companies are regular clients of the Turkmen 
Hydromet for specialized hydrometeorological 
data and services to ensure safety of their op-
erations on the land, at sea and in the air. Air-
ports and air carriers of Turkmenistan receive 
specialized services on the basis of agreements 
on mutually beneficial cooperation.

A central concern of the agricultural sector 
is the availability of water for the irrigation of 
cotton, wheat, fruits and vegetables. Upstream 
users generally receive enough water, but short-
ages are common near the Aral Sea. A small but 
growing private segment of the sector is plant-
ing new crops, and seeks hydromet information 
specific to their needs including localized and 
specific weather data and early warnings of ex-
treme weather, such as heat waves, frost and 
dust storms that can affect crops and animals. 
Turkmen Hydromet is providing climate data 
based on individual requests from farmers and 
produces agrometeorological forecasts and 
bulletins useful for agricultural enterprises. 

The Hydrometeorological Service of Turkmen-
istan (Turkmen Hydromet) was established in 
1926, and several of its meteorological stations 
have climate observation records going back 
100 years. Until recently, Turkmen Hydromet 
operated as an independent structure under 
the Cabinet of Ministers of Turkmenistan. In 
2019 it merged with the Ministry of agriculture 
and environmental protection of Turkmenistan. 
Turkmen Hydromet is fully financed from the 
governmental budget, and its paid and contrac-
tual services are minor. All basic information is 
provided to governmental and local authorities 
and the population free of charge. 

The Government of Turkmenistan recogniz-
es the importance of its hydrometeorological 
service, and invests in modernization. The new 
building of Turkmen Hydromet quickly became 
one of Ashgabat’s landmarks thanks to its 
large screen with a national weather map and 
official forecasts. The national hydrometeoro-
logical service employs more than 600 people 
to operate a network of almost 100 stations 
spread across the country and involved in dis-
ciplines from weather forecasting and marine 
observations to agrometeorological and hydro-
logical surveys and climate data management. 
Most observations are manual, but increasingly 
weather stations are being automated. Climate 
research is an emerging area for Turkmen Hy-
dromet as the country is vulnerable to climate 
change impacts such as the growing number 
of hot days, water deficits, flash floods in the 
mountains, and Caspian Sea level fluctuations. 

Accurate weather forecasts and early warnings 
depend on technical equipment, the density of 
the meteorological network, the skills of fore-
casters and numerical weather prediction. Un-
der the Central Asia Hydromet Modernization 
Project, specialists from Turkmen Hydromet 
benefited from training, experience exchange 
and improved access to the regional weath-
er prediction products. In 2014 Turkmenistan 
signed an agreement on cooperation in hydro-
meteorology for the Caspian Sea region. Six 
marine stations and three marine radar instal-
lations monitor the Turkmen coast of the Cas-
pian Sea. 

Data for November 2019
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Turkmenistan 
Land cover and features

With its southernmost location in Central Asia 
and its vast sandy deserts, Turkmenistan is hot 
and dry. The country is sparsely populated with 
concentrations along the base of the mountains, 
on the Amu Darya River and near the Caspian 
Sea. The largest desert is Karakum, covering 
350 000 km2 – twice the size of Tajikistan. Rain-
fall is scarce, with an annual average 100 mm 

in central parts of the country. In mountain ar-
eas precipitation is higher – up to 400 mm per 
year – where rainfall can trigger destructive flas 
floods. Summer temperatures in Ashgabat, the 
hottest capital city in Central Asia, reach +40°C, 
and can soar +50°C in the Repetek reserve. 
Winter is mild, but intrusions of cold Arctic air 
can lower air temperatures to -30°C.
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Uz Hydromet maintains a website with basic 
user-friendly real time weather data and fore-
casts, environmental quality reviews and agro-
meteorological bulletins for governmental and 
public use. The most active commercial user of 
the specialized hydrometeorological informa-
tion in Uzbekistan is aviation. Construction, en-
ergy and road transport are other users. 

Considering that half of Uzbekistan’s population 
live in rural areas and are involved in agriculture, 
weather and agrometeorological information is 
of vital importance to their food and water secu-
rity and their comfort. Commercial greenhous-
es, orchards, and plantations are booming in the 
country to serve both export and domestic mar-
kets, and farmers increasingly ask for localized 
and crop-specific weather data. Uz Hydromet is 
keen to respond to the growing demand and is 
seeking to further improve agrometeorological 
coverage. 

The Hydrometeorological Service of Uzbekistan 
(Uz Hydromet) was established in May 1921. 
The first meteorological station – Tashkent 
Observatory – has conducted observations 
since 1867. In the Soviet period Tashkent city 
hosting Uz Hydromet was the hydrometeorolog-
ical center for all the republics of Central Asia. 
Since independence, Uz Hydromet has served 
as WMO’s Regional Specialized Meteorological 
Centre for Central Asia, and has the capacity to 
run numerical weather prediction models and 
undertake research and training activities, and 
make climate change projections. Its scientific 
research institute NIGMI is conducting various 
hydrometeorological assessments and environ-
mental studies. Its hydrometeorological college 
trains professional observers and junior spe-
cialists.

Uz Hydromet operates an extensive network 
of 85 meteorological stations, 34 agromete-
orological monitoring sites and 132 hydrolog-
ical gauges. The service employs more than 
2 200 people. The ongoing state-funded hy-
dromet modernization programme is aiming 
to improve the working conditions at meteor-
ological stations and central offices, increase 
the level of automation and introduce more 
advanced methods for weather and water fore-
casting. International donors are supporting Uz 
Hydromet modernization through procurement 
of automated weather stations and environ-
mental sampling equipment. 

Environmental monitoring is conducted in 
25 urban areas (air quality) at 60 sampling 
points, at 60 rivers and lakes at 100 sampling 
points (water quality) and at 40 meteorological 
stations (radiation). Hydro-biological studies 
focus on 10 locations of the Tashkent province. 
One station is tracking global and regional air 
pollutants at the remote Chatkal nature reserve.  

 

Data for November 2019
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A population exceeding 33 million people 
makes Uzbekistan the most populous country 
of Central Asia. Its agriculture and industry are 
well developed and its economy is diversified. It 
shares the major rivers of Central Asia – Amu 
Darya, Syr Darya, Zeravshan – and the Tien 
Shan and Hissar mountains with its neighbours. 
Less than 10 per cent of the water resources 
of these rivers originate in Uzbekistan. The cli-
mate is continental, with hot summers and cool 
winters. Average temperatures in July reach 
32°C–37°C, with daily maximums of 43°C–45°C, 
and extremes up to 47°C–50°C in deserts and 

southern areas. Uzbekistan’s populated areas 
and economy can be affected by heatwaves in 
summer, floods and mudflows in spring, and 
avalanches in winter. The lower Amu Darya 
River suffers from unreliable water supply, 
poor water quality and dust storms. This area 
– Karakalpakstan – is considered most vul-
nerable to climate impacts. The deserts in the 
western and central parts of Uzbekistan receive 
100 mm of precipitation, while mountains get 
over 800 mm per year. Annual temperatures are 
growing at average rates of 0.27°C per decade 
and the number of hot days is increasing.
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Modernization of hydrometeorological stations, Tajikistan

6
Towards improved 
hydromet services

The users of hydrometeorological services face an array of increasing meteo
rological and hydrological challenges, and hydromet services are responding to 
the changing needs of users by working to provide the information required for 
action, and by taking a more service-oriented approach.

The core business of hydromets is weather forecasting, and if the weather 
is a moving target, so too is the rapidly evolving field of forecasting. Modern 
hydromets process and integrate massive amounts of data from sophisticated 
ground measurement instruments, satellites, and meteorological radar, and in-
corporate their findings into their weather reports. Global and regional climate 
data centres employ cloud computing and prepare numerical forecasts that 
supplement, but cannot replace, the qualified forecasters whose interpretations 
of complex information and professional judgment inform their reports. 

As in any field with relentless advancements in technology and knowledge, 
ongoing professional development is crucial to ongoing success. To keep up 
with advances in IT, remote sensing and modelling, forecasters need to attend 
conferences and workshops and get regular training. 
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Modernization accomplishments and plans

Observation network Severe weather warnings

Before modernization After modernization

Human resources

Prior to modernization, the observa-
tion networks relied on basic manual 
devices that were becoming obsolete. 
Now the networks include automat-
ed meteorological and hydrological 
stations that improve hydrometeo
rological observations and strength-
en the collection of data related to 
potential hazards. Other improve-
ments include the restoration of key 
manual stations and the installation 
of new monitoring equipment – flow 
meters, water thermometers and 
devices for monitoring evapora-
tion. The avalanche service added 
cross-country vehicles. 

Before modernization After modernization

For years, the staff of hydromet ser-
vices collected manual observations, 
and received little or no profession-
al development training. Recent 
modernization efforts have includ-
ed the specialist training at nation-
al and international workshops and 
the publication of manuals for use in 
the observation networks and spe-
cialized services. Training centres 
provide well-equipped classrooms, 
and offer on-site and online educa-
tion and training. Field staff have re-
ceived training and special clothing.

Accuracy of forecasts
Before modernization After modernization

Before modernization After modernization

The manual, paper-based approach 
to integrating data into a forecast 
is giving way to modern methods. A 
data centre and communication sys-
tem receives hydrometeorological 
data from the field and distributes 
the data to the appropriate depart-
ments for processing and analysis. 
Laboratories house modern calibra-
tion equipment and measuring de-
vices. The climate service has new 
software, and upgraded systems and 
databases. A new web portal con-
tains products for the general public, 
economic sectors, and other hydro
met users, and for hydromet staff.

With a limited number of stations 
to provide coverage and a lack of 
software and prediction products, 
forecasters had inadequate tools for 
making accurate and timely severe 
weather warnings. With modern-
ization, forecasters now have the 
ability to provide better spatial ac-
curacy and more practical warnings 
supported by visuals that users can 
understand. False alarms have de-
creased, and the warnings are better 
integrated into the mass media for 
wide dissemination.
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Safety and security of public
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Improved scheduling of flight 
arrivals and departures

Efficient scheduling of logistics 
and business operations

Management of local 
environmental quality

Minimization of search and 
rescue costs, risk reduction

Benefits of hydrometeorological informationRegional and international cooperation on weather, water and climate

Green Climate Fund, 
Adaptation Fund, 

Global Environment 
Facility, other 
international 
climate funds

UNFCCC, IPCC,
international climate 
change policy and 

reporting

CIS Council 
on hydrome-
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National hydromets in the region have a range 
of opportunities for cooperation with each other, 
with neighbouring states and with regional and 
international organizations. Cooperation on the 
development and use of analytical tools may 
extend to observation networks and methods, 

forecasting models and products, data pro
cessing and storage, and climate change 
assessments. Other areas include human 
resources and skills, innovative technologies, 
climate services, and early warning systems.

The users of hydrometeorological informa-
tion include the general public and managers, 
planners and analysts in environmental, social 
and economic endeavours. The application of 
the information results in benefits across this 
spectrum. Hydromet information is used for 
environmental indicators and informs a range 

of environmental management strategies. The 
social benefits include public safety, security 
and comfort, and the contributions to scien-
tific research. The economic benefits extend 
to applications in such sectors as agriculture, 
transport and emergency response.
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Hydromet innovations expected in Central Asia in 2020 and beyond

An initiative driven by WMO and the World Bank  
– the Alliance for Hydromet Development – is an 
effort to achieve consistency and coordination 
among hydromet services, and to close the gap 
between developed and developing countries in 
their capacity to respond to weather, water and 
climate risks. Twelve international organiza-
tions – the Adaptation Fund, African Develop-
ment Bank, Asian Development Bank, Europe-

The specific local occurrence of 
flash floods makes them diffi-
cult to forecast, and they remain 
a major threat especially in the 
mountains. Advances in numer-
ical forecasting combined with 
flash flood guidance systems are 
beginning to improve the fore-
casts, and an upgraded version 
of the system is now available in 
Central Asia with improved accu-
racy of flash flood warnings for 
periods of 3 hours up to 36 hours, 
and possibly longer.

Within the next year, enhance-
ments in numerical weather 
resolution to 6 x 6 km for all of 
Central Asia and 2 x 2 km for the 
high mountain areas will improve 
the spatial accuracy of numeri-
cal forecasts in the region. This 
higher-resolution tool still needs 
to be tested, but is expected to 
produce better local forecasting. 
Internet speed in the region may 
be too slow for the data trans-
fer needed for numerical fore-
casting, but the advent of cloud 
computing will allow hydromets 
in Central Asia to connect to the 
data at their own Internet speed. 
Cloud computing has the addi-
tional benefit of providing better 
security against cyber attacks.

an Bank for Reconstruction and Development, 
Global Environment Facility, Green Climate 
Fund, Islamic Development Bank, United Na-
tions Development Programme, United Nations 
Environment Programme, World Bank, World 
Food Programme and World Meteorological Or-
ganization – launched the Alliance for Hydromet 
Development in December 2019.
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WMO service delivery strategy
The World Meteorological Organization is imple
menting a service delivery strategy designed to 
assist National Meteorological and Hydrological 
Services improve their services to the general 
public and decision makers. The strategy com-
prises the following six elements:

	 Evaluate user needs and decisions
	 Link service development and delivery to 

user needs
	 Evaluate and monitor service performance 

and outcomes
	 Sustain improved service delivery
	 Develop skills needed to sustain service de-

livery
	 Share best practices and knowledge

The underlying idea of the strategy is to move 
hydromet services toward a more service-
oriented culture, and these six elements pro-
vide a framework for hydromets to follow in the 
pursuit of that end.

World Bank approach to 
modernization
The World Bank approach to modernization of 
hydromet services emphasizes the relation-
ships between the public and private sectors 
and between service providers and users, and 
builds on the WMO service delivery strategy. 
According to the World Bank, effective services 
must be available and timely, dependable and 
reliable, useable, useful, credible, responsive 
and flexible, sustainable, and expandable. The 
drivers for effective service delivery include a 
shift toward open data, a greater need for effi-
ciency, social and technological changes, evolv-
ing national policies on disaster risk reduction, 
the need for cost recovery for some services, 
and new service markets. 

In addition to service delivery systems, the 
World Bank considers production systems 
and support systems as part of what it calls a 
“System of Systems”. Production systems in-
clude monitoring and observations, modelling, 
forecasting, and warnings. Support systems 
include information and communications tech-
nology, quality management, research and 
development, and capacity-building. 

The World Bank rationale for modernizing 
hydromets starts with the observation that 
high-income countries have demonstrated 
the benefits of providing accurate, actionable 
weather, climate, and hydrological information 
that mitigates the impacts of extreme weather 
events by affording authorities the opportuni-
ty to take timely steps based on timely warn-
ings. These countries owe their success to 
investment in public hydromet services and in 
research and development, and to the encour-
agement of complementary private services. 

In response to the increase in meteorological 
and hydrological hazards, the needs of hydromet 
users are changing. Hydromet services, in turn, 
need to respond to these changes, and provide 
actionable information. In terms of developing 
and maintaining the human resources neces-
sary to meet these challenges, the World Bank 
approach relies on its long experience with 
capacity-building through business develop-
ment and through the training of hydromet staff, 
stakeholders, and end users. 

The World Bank finds that on-the-job training is 
the most effective approach, and that external 
training should be used only to develop train-
ers who can then conduct national training. The 
national hydromet staffs need training in not 
only the core disciplines and global weather 
enterprise skills but also in business practices, 
social media, and information and communica-
tions technology. 

The adoption of new business models is a par-
ticular concern for hydromets that need to mod-
ernize rapidly to accommodate new demands 
for services. Two critical elements in this insti-
tutional modernization are a strategic plan that 
lays out hydromet goals and the means by which 
to achieve them, and an operational concept. 

The modernization of infrastructure extends to 
systems for monitoring and observing, model-
ling, forecasting, and information and commu-
nications technology. This short list of systems 
disguises a long list of specific needs – from 
improvements in remote sensing and ground 
observations to the introduction of communica-
tions equipment that meets WMO standards to 
the rehabilitation and upgrading of offices and 
facilities.
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In today’s world, weather apps are everywhere and when we 
glance at our devices and decide if we are going to take an 
umbrella when we leave the house we may be forgiven for taking 
this twenty-first century, whiz-bang technology for granted and 
for thinking that weather information comes from our phones. To 
be sure, weather information is delivered to our phones, but it 
comes from the collection of an astonishing array of observations 
and measurements from ground stations, satellites and other 
remote sensing equipment and from the processing of the data 
with sophisticated computers, all of which entails the following 
of rigorous protocols. And the people following those protocols 
power the entire enterprise with their knowledge, training and 
professionalism.

This atlas offers insights into the work of the national hydrometeo
rological services and the global networks that contribute to the 
information on our screens. It covers the range of weather, water 
and climate information and services available, and connects that 
information and those services to the spectrum of users with 
their own specific needs. As global warming continues to produce 
more frequent and more intense extreme weather events, interest 
in the forecasting of these events may be on the rise, and this 
atlas may serve as an entry point to understanding the methods 
and limitations of modern practice. This guide to the hydromet 
services in Central Asia may serve as both an example of how 
to communicate weather, water and climate information and as 
a catalyst for renewing interest in these increasingly important 
areas and for clarifying the need for climate adaptation strategies.


