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Vorführender
Präsentationsnotizen
I want to give you a brief presentation on the state of the climate in Central Asia and the main future concerns in the region. 



What is Climate?

Vorführender
Präsentationsnotizen
The first step might be to understand what the climate is



Vorführender
Präsentationsnotizen
Imagine yourself going on a walk with your dog along the beach. You choose a path and walk that path between two points. But your dog starts to sniff around goes very randomly up and down, fast and slowly, but his movement is controlled by the string in your hand. We could translate your dog's faster movement as the weather evolution and your footprint, which shows the slower average trend, as the climate. By definition, 30 years average of the weather is called climate.



How do we feel the climate change?

Vorführender
Präsentationsnotizen
But how do we understand the climate change?We could feel that if we look at the evolution of some variables like near surface air temperatureor changes in precipitation. 



Vorführender
Präsentationsnotizen
For example: Using the observations taken from different geographic locations we can notice how the global earth near surface air temperature is changing with respect to 50-year average of 1850-1900. What you also see here is the accelerated temperature rise after industrial revolution and if we continue the linear trend up to year 2037, the global earth temperature already reaches the critical 1.5 ° value. But we know that the Earth Climate System is not a linear system but indeed a very nonlinear complex system. 
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Vorführender
Präsentationsnotizen
If we zoom into the end of the temperature change time-series, we notice that the last 6 years were the hottest years recorded including the pandemic year of 2020. 



5 Components of the Earth Climate System

3- Cryosphere
2- Hydrosphere
1- Atmosphere

4- Lithosphere
5- Biosphere

Vorführender
Präsentationsnotizen
Prior to understanding the climate change, we should know about the components of the Earth Climate system and how these components interact with each other under different external and internal forcings. 



External Forcings

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
For example we know that the Changes in solar radiation and volcanic eruptions are the 2 major external natural drivers of the climate. 



1- Atmosphere

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
The most important component of the Earth Climate system is the Atmosphere. All the gasses within the Earth System . Which is the most dynamic and fast changing component of the Earth. 



2- Hydrosphere
1- Atmosphere

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
Hydrosphere is all the water in the system: rivers, lakes, seas,  oceans, … two third of the Earth surface is covered by Water. 



3- Cryosphere
2- Hydrosphere
1- Atmosphere

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
The Cryosphere is all the ice and permafrost. Like Antarctic ice sheet, glaciers. 



3- Cryosphere
2- Hydrosphere
1- Atmosphere

4- Lithosphere

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
Litosphere is all the rockly parts of the Earth. Containing processes like the drift of the continents which are so slow. But there are also faster processes like vertical water transport of the ground water. 



3- Cryosphere
2- Hydrosphere
1- Atmosphere

4- Lithosphere
5- Biosphere

5 Components of the Earth Climate System

Vorführender
Präsentationsnotizen
Biosphere, all the living things in the Earth system. Including trees, Humans, grassland, etc. All the 5 components of the Earth system are interacting with each other and any change in one of them will impact other parts. For example, Increasing atmospheric temperatures will melt the ice sheets. melting ice sheets will change the ocean currents and that will change the heat transport from lower latitudes to higher latitudes. And changing heat transport will again influence the atmospheric currents like winds. The interaction between the Earth's system components is very complex and nonlinear. 



Köppen Climate Classification
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BSh : arid hot steppe

Csa : temperate dry hot summer

BWk: arid cold desert

source: Bijan Fallah

Vorführender
Präsentationsnotizen
Let’s have a look at state of the climate n Central Asia. According to the so-called Köppen Classification method which is based on long term climatic characteristic of different regions, Central Asian region is dominated by arid and semi-arid regions. Which is well-tuned to small climatic changes. Only a small fraction of the region, like Kyrgyzstan und Tajikistan receive significant amount of precipitation and can act as water storage for the rivers located in the domain. 



Central Asian Climate

Annual Precipitation mm/day  (1990-2020) Topography and Population
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
On the left panel you observe the map of annual daily average precipitation over the last 30 years. Large parts of the domain receive a small amount of precipitation compared to elevated areas of Tajikistan, Kyrgyzstan, Uzbekistan and Afghanistan. The lright panel shows the topography of the region. The blue dots indicate the cities with population more than 100,000 and the red points cities with population more than a million. Comparing the two figures shows that the population density is higher on the elevated regions and is tuned to the  precipitation amount. There are several populated cities along the two main rivers of Amu and Syr Darya which originate from the Glaciers. Part of the precipitation reaching the Central Asia comes from the Asian monsoon branch and potential impacts of global warming on the monsoon system may also impact the amount and sort of precipitation reaching the region. On the other hand, the arid and semi-arid regions’ climate is dominated by westerly systems bringing moisture to the region like the westerly jets. 



Temperature Trend

K / decade
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Here you see the map of temperature trend over Central Asian region in Kelvin per decade. Almost all the region shows an increasing trend in the observed period. Especially the warming trend over the mountanious area is more than 0.4 Kelvin per decade. This might be of serious concern if such trends continue to increase. However, the climate system might not show a linear behavior and is usually a combination of very comlex and nonlinear processes. Lets have a look at time evolution of the trends at monthly averaged values. 



Temperature Change
w.r.t. 1950-1979
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Here, is shown the Temperature change in the Central Asian domain with respect to the 1950-1979 period. General picture shows cooler temperatures in the 50s and warmer in the recent years. 



w.r.t. 1950-1979

Temperature Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Especially, one of the most concerns is the warming in the colder months after mid-90s. We know that the central Asian river basins store water during the winter time in the form of snow and glaciers. So this might lead to changes in the precipitation form from snow to rain or can stress the glaciers. 



w.r.t. 1950-1979

Temperature Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
The other concern is the warmer spring and summer. When the snow melts and the rivers’ discharge start to increase. Abrupt unusual warming in the spring might also increase the risk of flooding events. 



2010 Russian Heatwave

w.r.t. 1950-1979

Temperature Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Another kind of extreme events which could emerge are the heatwaves like the Russian heatwave of 2010 which killed more than 50,000 people. If the number of the consecutive hot days increases, such events might happen again in future. 



Climate Trends

Snow Depth  mm/year/decadePrecipitation  mm/year/decade
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
The precipitation trend (shown in left panel) is generally positive in the Central Asian countries with a large positive trend in east Afghanistan. However, over some parts of  Tajikistan and Kyrgyzstan there exist negative trends. More importantly, the snow depth (shown in the right panel), shows a significant negative trend in almost entire Central Asia. The negative trends over mountainous area show a significant reduction. This means that the storage capacity of the mountains tend to decrease in the recent years. Comparing the glaciers photos of these region in the recent years have already shown the shrinkage of several glaciers in this regions. 



Climate Trends

Location of Glaciers Snow Depth  mm/year/decade
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Here, on the left panel I show the location of the Glaciers in the region. You can notice exactly over the glaciers the snow depth is tending to reduce over the recent decades. And if the global warming tends to increase,  as the models project, the glaciers in the Central Asia will face severe stresses. 



Climate Trends

Drought index/decadeRun-off  mm/year/decade
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
One of the consequences of such melting would be its contribution to the run-off changes. The left panel shows the linear trend if run-off which indicates a reduction in the vicinity of glaciers. However, there exists areas of increasing run-off in North Kazakhstan and East Afghanistan. This may also contribute to the flooding events in such regions, as seen in the recent years. The right panel shows the trend of the so-called Palmer Drought Severity Index, which is a drought index based on the combination of precipitation and temperature. Again, you see that north Kazakhstan and East Afghanistan tend to face wetter conditions and the large portion of Central Kazakhstan and Turkmenistan and geo-political important regions like the boundaries between Iran, Afghanistan and Turkmenistan face drier conditions. 



Climate Extremes

No. Tropical Nights (Tmin > 20)No. Summer Days (Tmax>35°C)

Difference : 1990-2019 minus 1950-1979
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
As I mentioned before, extreme hot events tend to happen more frequently in Central Asia. On the left panel is shown the number of summer days, meaning days with maximum temperature larger than 35°C has increased significantly during the last 30 years comparing to the 1950-1979 period over arid and semi arid region of the Central Asia. Also, the number of Tropical nights, meaning days with minimum temperatures larger than 20 degree Celsius, are increasing significantly over these regions. Increasing number of such events will impact the health, energy and agriculture sectors as we have seen in the recent years. 



Climate Extremes

No. Icing Days (Tmax<0°C)Location of Glaciers

Difference : 1990-2019 minus 1950-1979
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
On the other hand, number of the icing days, meaning days with maximum temperature less than 0°C, are also decreasing compared to the reference period of 1950-1979. The icing days are vital for storage of snow over the glaciers in the colder months.  In summery we have seen that increasing temperatures are affecting other climatic variables which can stress the water availability and extreme events in Central Asia. 



Floods’ Risk
Change in portion of population exposed to floods 

https://global-flood-database.cloudtostreet.ai/#interactive-map
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Vorführender
Präsentationsnotizen
One of the main concerns is the increase in the flooding risk. This map shows the global change in portion of population exposed to floods for the past and future. https://global-flood-database.cloudtostreet.ai/#interactive-map



Floods’ Risk
Change in portion of population exposed to floods 
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https://global-flood-database.cloudtostreet.ai/#interactive-map

Vorführender
Präsentationsnotizen
If we zoom in the Central Asian Region,https://global-flood-database.cloudtostreet.ai/#interactive-map



Floods’ Risk
Change in portion of population exposed to floods 
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https://global-flood-database.cloudtostreet.ai/#interactive-map

Vorführender
Präsentationsnotizen
We see that most of the region, where sufficient data is available, shows either an increase in the past and future or future in the flooding events. Especially, Afghanistan and Kazakhstan must cope with such extremes soon.  This agrees well with the results already shown before of snow melting and drought index. https://global-flood-database.cloudtostreet.ai/#interactive-map



CLIMATE MODELS :

NASA

Vorführender
Präsentationsnotizen
Now we saw evidence of climate change and know the components of the Earth climate system.  We can use climate models to explore if the human-induced anthropogenic forcing has caused the recent global warming. 






Richardson’s Fantasy: Forecast Factory

Vorführender
Präsentationsnotizen
The first human having the idea of operational weather forecasting was Richardson, who introduced the concept of parallel computation. One could solve the governing equations of the climate system in parallel in a way that humans do the job for small domains and finally communicate the answers whith eachother… Domain decomposition , parallel computing 
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Vorführender
Präsentationsnotizen
Here you see his fantasy of forecast factory, which is a huge building, with many levels over different latitudes with many rooms for each small box of the globe. On the wall of this theater the world’s map is illustrated. Richardson himself is standing on the pole in the middle of the hal, controlling the computation speed. Putting light on the regions which the workers are faster than the others…  …. 





Vorführender
Präsentationsnotizen
In the main sector there were 4 cheaf scientist controlling the processes …. John Napier (1550–1617), inventor of logarithmsCharles Babbage (1791–1871), mathematician, Blaise Pascal (1623–1662), French mathematician, Georg von Peurbach (1423–1461), Austrian astronomer



Vorführender
Präsentationsnotizen
Richardson cared very much on the work-life balance, suggesting to have a grarden for those who work in his factory to let them enjoy their life…. 



Energy balance models

Vorführender
Präsentationsnotizen
The simplest climate model is the zero dimensional energy balance model, which considers the Earth as a point which balances the incoming solar radiation in the form of shortwave radiation and the outgoing radiation from the Earth surface in the form of long-wave radiation. This allows to calculate the temperature of the Earth. Such models might be useful to understand the relation between the green house gass concentrations and the temperature changes but they can not capture for example the rainfall changes over Central Asia. Therefore there is always a hiarchy of the models based on their complexity. 



https://www.researchgate.net/publication/23668865_The_computational_future_for_climate_and_Earth_system_models_On_the_path_to_petaflop_and_beyond

General Circulation Models

Vorführender
Präsentationsnotizen
The most complex climate models are the so-called “General Circulation Models” which are thousands of lines of  computer codes based on the physical, dynamical, thermodynamical  and chemical equations governing the earth system and are solved on super-computers to observe the 5 components of the Earth and their interactions. When you are interested in shorter time-scales like the ones of the weather forecasting you might focus on the atmospheric part of such copouled models but for longer time-scales of the climate you are interested in most of the components of the earth like ocenas and biosphere. 



https://www.researchgate.net/publication/23668865_The_computational_future_for_climate_and_Earth_system_models_On_the_path_to_petaflop_and_beyond

General Circulation Models

Vorführender
Präsentationsnotizen
GCMs try to solve the governing equations on the so-clled grid boxes covering different layers of the atmosphere and ocean all over the glob. When the dynamics of the ocean and the atmosphere and their interaction is accounted, they are refered to as 



https://www.researchgate.net/publication/23668865_The_computational_future_for_climate_and_Earth_system_models_On_the_path_to_petaflop_and_beyond

Atmospheric Ocean GCM 
(AOGCM)

General Circulation Models

Vorführender
Präsentationsnotizen
Atmospheric ocean gcm (AOGCM). And if they contain all the components like ocean, atmosphere, ic sheets, hydrosphere, chemistry, … they are called 



https://www.researchgate.net/publication/23668865_The_computational_future_for_climate_and_Earth_system_models_On_the_path_to_petaflop_and_beyond

Fully Coupled Models.

General Circulation Models

Vorführender
Präsentationsnotizen
Fully couple dmodels. 



https://www.researchgate.net/publication/23668865_The_computational_future_for_climate_and_Earth_system_models_On_the_path_to_petaflop_and_beyond

General Circulation Models

Vorführender
Präsentationsnotizen
The more the number of such boxes the more details we capture of the climate system. 



Vorführender
Präsentationsnotizen
However, more complex models need more computer power. As computing power has increased since the 1970s, so has the complexity of the computer models used to simulate Earth's climate. Components are first developed separately and later coupled into comprehensive models.



Dramatic increase in computer’ power

The Nokia 6300, 2008 

The ENIAC, 1950 

Vorführender
Präsentationsnotizen
The first computer weather forecasts were made in 1950, using the ENIAC (Electronic Numerical Integrator and Computer). Left panel: Analysis of 500 hPa geopotential (thick lines) and absolute vorticity (thin lines). Right panel: 24 hours forecast height and vorticity (from Charney, et al., 1950) Lynch (2008) 50 ms …. 



Moore's law of computational power

Vorführender
Präsentationsnotizen
So According to the moore’s law the  computational powetr doubles each 18 months….



• Evaluate them for the recent observed era
• Weather forecasting
• Hypothesis testing
• Future projection

General Circulation Models

Vorführender
Präsentationsnotizen
Maybe the first step in using such models is to evaluate their ability to reconstruct the observed era. We use them for forecasting the weather. We use them for testing different hypothsis like what will happen if we double the co2 concentrations. And finally to make informed projections about what might happen in the future under different scenarios of green house gass concntrations



https://mpimet.mpg.de/en/science/projects/integrated-activities

Why Ensemble of Models?

Vorführender
Präsentationsnotizen
In climate modeling usually we run sets of the climate simulations either using different models or different initial data or forcing to creat an ensemble of model simulations to cover wider range of possible phenomena. With this we creat a range of uncertainity in the climate simulations as we do not know for example the exact state of the climate system at the time we start our simulations. Or we don not know which model set-up might be the best one. Imagine you wanna know how the Arctic temperature will look like in 10 years. If you run 100 different simulatons and 80 out of 100 tell you it is gonna warm up more than 2 degree you would be more certain than a situation if just 10 out of 100 were showing the warming. 



Screen shot of DWD app

Ensemble Mean

Ensemble Spread

Why Ensemble of Models?

Vorführender
Präsentationsnotizen
This concept is also used in Weather forecasting. In any weather app you will see a shading around the temperature trend which shows the uncertainty level or the spread of the ensemble. 
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Time scale of simulations

Vorführender
Präsentationsnotizen
The time-window of the simulation will determine which kind of simulations we are running. If we are doing weather forecasting only the atmospheric part would be interesting for us and we focus on time-windows of one week. If we do simulations between 1 month up to ten years then the ocean plays a vital role and we are doing climate predictions.  And if we go beyond 10 years, we are doing projections and not prediction, as there is no skill in the prediction of the models beyond 10 years. We do not know how the humans are gonna act in the far future. For example how the population will increase. Therefore, we need some assumption about the far future human-induced forcings to the climate system. We call them scenarios. 



Coupled Model Intercomparison Project

https://mpimet.mpg.de/fileadmin/projekte/CMIP6/Fig_01_gross.png
49

Vorführender
Präsentationsnotizen
Now the question here is how does the future of the climate change might look like following different potential scenarios. Nowadays many institutes have come together to conduct simulations within the Coupled Model Intercomparison Project. For example, phase 5  evolves more than 30 research groups around the world, more than the 1000 researchers who produce 20-40 petabytes of data. The outcomes are used for climate change impacts. Currently the phase 6 is on its way.  Many of the models will run at higher resolution in CMIP6 or include more processes previously not included in CMIP5. In CMIP6 every group must follow a protocol to keep everything homogenous. In summary CMIP simulations are international coordinated efforts to tackle the so-called Grand Challenges in the climate science. 



Projection of the Climate Change: CMIP5

IPPC AR5
50

Vorführender
Präsentationsnotizen
Becuase we do not know how the humans will modify the Earth Sytem in the future, we have to assume different scenarios to conduct climate simulations. Representative Concentration Pathways (RCPs) present different emissions, concentration and radiative forcing projections leading to a large range of global warming levels, from continued warming rising above 4 °C by the year 2100 to limiting warming well below 2 °C as called for in the Paris Agreement. Here are shown the emissions of 3 main ghg for 4 different scenarions. The numbers behind each of these scenarios are comming from the amount of radiative forcing they impose to the atnosphere at the end of the century. 



Radiative Forcing

https://rwu.pressbooks.pub/app/uploads/sites/7/2017/01/figure8.1.1.png 51

Vorführender
Präsentationsnotizen
We know that the radiative forcing is the difference in the incoming and outgoing energy in the atmosphere considerung the ghg concentrations. The more ghg in the atmosphere the higher the radiative forcing. And it will warm up the atmosphere. Thats the basic concept in any climate model. In a balanced climate the radiative forcing would be near to zero but with increasing the ghg concentrations the radiative forcing rises up and the nergy will be kept in the Earth System. 



Projection of the Climate Change: CMIP5

• RCP2.6: radiative forcing reached nearly 3 W/m2 and will decrease to 2.6 
W/m2 by 2100

• RCP4.5: Stabilization with overshooting. 4.5 W/m2 by 2100

• RCP6: Stabilization with overshooting. 6 W/m2 by 2100

• RCP8.5: rising radiative forcing, leading to 8.5 W/m2 by 2100

52

Vorführender
Präsentationsnotizen
To summarize, here are the explanation of each of the CMIP5 scenarios used in the previous IPCC report. Exept the RCP8.5 with 8.5 W/m2 radiative forcing at the end of the century other RCPs try to stabilize the warming at different levels of warming. 



Projection of the Climate Change: CMIP6

IPPC AR6
53

Vorführender
Präsentationsnotizen
In the new sets of climate simulations of CMIP6, the scenarios have changed slightly to account for other factors than the radiative forcing. They are called the Shared Socioeconomic Pathways (SSPs).



Projection of the Climate Change: CMIP6
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Vorführender
Präsentationsnotizen
The Shared Socioeconomic Pathways (SSPs) will be used alongside the Representative Concentration Pathways (RCPs) to analyze the feedbacks between climate change and socioeconomic factors, such as world population growth, economic development and technological progress.Here, you see the matrix showing the radiative forcing on the y-axis and shared socioeconomic factors on the x-axis. And the colored boxes are the priority scenarios for the modelers to cover possible future climate scenarios.  SSP1-2.6  is one of the "high-priority" scenarios for the sixth assessment report of the intergovernmental panel on climate change (IPCC AR6). This scenario is labeled as "2°C" scenario and is among the "sustainability" SSP1 socio-economic category with a radiative forcing of 2.6 $Wm^{-2}$ in year 2100.SSP2 scenario is labled as "“Middle of the road" scenario and SSP2-4.5 is an update of the RCP4.5 and represents the medium pathway. It assumes climate protection strategies being taken. The world's population is assumed to level off in the second half of the century with moderate increase in the first half. SSP3-7.0 is known as "regional rivalry" scenario where the world faces rising inequality. Drastic environmental damages will occur on regional scales. The radiative forcing will reach 7.0 $Wm^{-2}$ in year 2100 in this scenario. SSP5-8.5 or the so-called "Fossil-fueled Development" scenario assumes a world with growing economy which is based on fossil fuel consumption (high percentage of coal) with radiative forcing of 8.5 $Wm^{-2}$ in year 2100.



Are climate models useful?

Vorführender
Präsentationsnotizen
So lets see if such simulations were useful in the past? Here you see the James Hansen‘s graph created in 1988 (33 years ago!!!). The simulations were performed using the NASA GISS GCM.Model projections of global temperature by James Hansen in 1988 for three different fossil fuel emissions scenarios compared with the actual temperature observations. You see that one of his model simulation captured well the observed trend with an over estimation between year 1991 and 1993. Well there were no chance that Hansen or anybody else could know about the Pinatoba Eruption at that time. That is why Hansens model could not capture this cooling. 2013 outside the White House while protesting the proposed construction of the controversial Keystone XL Pipeline.



Observed

Modeled

Are climate models useful?

Vorführender
Präsentationsnotizen
Hansen repeated the simulations after Pinatubo Eruption. And you see that it took the cooling right after the eruption. Hiowever there is still an underestimation in the model. Apart from the external forcing there existed an internal variation of the El Nino event from 1991-1993 . 



State of the Global Climate Change

IPPC AR6 58

Vorführender
Präsentationsnotizen
Now on thistpanel I show you the evolution of the global surface temperature simulated by the models, which were conducted by human and natural climate forcings in red shading and conducted by only natural forcings, and without human infulences, in blue shading. The solid red and blue lines show the models’ ensemble means. The shadings show the spread of different model simulations. Because we usually rely not only on a single model run but on an average of many models which have been conducted by different institutes in different countries. The black line shows the observed trend. What is really interesting is that after the 1960s the models taking the human influence into account start to diverge from models conducted by using only the natural forcings. It also shows removing the human factor the climate system had to be significantly cooler than the pre-industrial period. On the other hand, the ensemble average of the models considering the human influence follows well the observed global warming trend. 



Regional Climate Models

Vorführender
Präsentationsnotizen
A Global Climate Model (GCM) can provide reliable prediction information on scales of around 1000 by 1000km with greatly varying potential for floods, droughts or other extreme events. Regional Climate Models (RCM) applied over a limited area and driven by GCMs can provide information on much smaller scales supporting more detailed impact and adaptation assessment and planning, which is vital in many vulnerable regions of the world.
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Regional Climate Models

Vorführender
Präsentationsnotizen
A GCM with its coarse resolution might not simulate all the small scale phenomena with the Earth system directly and has to simplify some of them. An RCM in contrast might fill this gap for the GCM over a limited area. 
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Vorführender
Präsentationsnotizen
As an example when you compare the GCm and RCM outputs for the precipitation changes at the end of the century w.r.t 1975-2004 period over Tajikstan and  kyrgistan. You discover more patterns which are not present in the GCM simulation. 



Source: ow
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Vorführender
Präsentationsnotizen
For example here, A single grid point of the GCM is covered by 64 grid points of RCM which shows a new pattern in the precipitation. 



Coordinated Regional Climate Downscaling Experiment

Vorführender
Präsentationsnotizen
Similar to the CMIP6 organization there exists a coordinated regional climate downscaling experiment, CORDEX, whose  vision is to advance and coordinate the science and application of regional climate downscaling through global partnerships and it is connected to the CMIP6. Here you see the 14 different CORDEX domains. 



Coordinated Regional Climate Downscaling Experiment 

Vorführender
Präsentationsnotizen
We contribute to the CORDEX-central Asia



Central Asian Temperature Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
Here you see the outcome of CMIP5 and CMIP6 models for near surface air temperature anomalies over central asia with respect to 1970-2000 reference period. The bold lines indicate the models’ ensemble mean. The black solid line indicates the observed trend. As you can see, the models follow the observations for the historical period. Generally, under different scenarios the temperature in CA will rise from 2 to 6 degrees. The newer CMIP6 models are slightly warmer than the CMIP5 ones. Since 2030, different scenarios start to diverge from each other. Taking no sustainable action might bring Central Asian countries into a warmer climate conditions with severe consequences. 



Central Asian Precipitation Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
For precipitation trends, as we expected, there exists an increasing trend. The observed lines lays in the models’ spread. Generally, the Central Asia will receive more precipitation. However, from the observations we noticed that the extreme events might increase. 



Projection of the Central Asian Climate Change
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source: Bijan Fallah

Vorführender
Präsentationsnotizen
There exists a linear relation between the temperature and precipitation in the CMIP models in Central Asia.  This might increase the risk of flooding in scenarios with larger warming impacts. 



Temperature Change CMIP5
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RCP2.6 RCP4.5

RCP6.0 RCP8.5

2071-2100 w.r.t. 1971-2000
source: Bijan Fallah

Vorführender
Präsentationsnotizen
Lets have a look at maps of the temperature change at the end of the century for different scenarios and different models. For CMIP5 models and under 4 different scenarios we observe that the entire Central Asia will be warmer compared to the reference period. The warming shows a maximum over mountainous regions which will stress further the glaciers and contribute to snow melting. 



Precipitation Change CMIP5
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RCP2.6 RCP4.5

RCP6.0 RCP8.5

2071-2100 w.r.t. 1971-2000
source: Bijan Fallah

Vorführender
Präsentationsnotizen
The precipitation change pattern also shows almost a rising trend in central Asia between different scenarios. Only over Afghanistan and Iran, there exists a reduction. 



Temperature Change CMIP6
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SSP1-2.6 SSP2-4.5

SSP3-7.0 SSP5-8.5

2071-2100 w.r.t. 1971-2000
source: Bijan Fallah

Vorführender
Präsentationsnotizen
For the newer CMIP6 models the warming is a bit more expressed in the temperature change maps and is vey similar to the ones from CMIP5 models.  



Precipitation Change CMIP6
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2071-2100 w.r.t. 1971-2000

SSP1-2.6 SSP2-4.5

SSP3-7.0 SSP5-8.5

source: Bijan Fallah
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And finally, the precipitation change shows larger positive trends over mountainous areas than the CMIP5 models. 



Take-home message

• Central Asia is warming up faster than the global trend

• Central Asia is at risk of droughts and floods

• Mountainous regions are at risk with increasing warming

• Future projections show 2-6 K warming in both CMIP5 and CMIP6 models & 
different scenarios

• CMIP6 models are warmer and wetter than CMIP5 ones

• There exists a linear relation between the warming and precipitation in 
Central Asia
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At the end I want to list some take home messages here: 



Outlook

• High-resolution downscaling of CMIP6 simulations over Central Asia

• Analyze the climate change impacts :  agriculture, hydropower, Health…
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In the Green central Asia project, we will conduct 
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