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Southeastern Anatolia Project (GAP)

A Southeastem Anatolia Project (GAP)

1
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Land cover
Land use
change

?27?? -> Potential for conflict
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Southeastern Anatolia Project (GAP)

m Irrigated Area

= 2016
502,154 ha
Landsatimages show the area before (a) and after (b) the Ataturk Dam was built.
https://visibleearth.nasa.gov/view.php?id=3796
= Future

1.8 million ha
22 dams
19 HPP

Extension of the irrigated areas inthe Harran Plains.
https://earthobservatory.nasa.gov/Features/HarranPlains/
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Objectives

m To reveal the effect of LCLU changes on the climate and water
resources of the region

m To calculate the water loss via evapotranspiration due to the extension
of irrigated cultivation

m To evaluate how LCLU changes affect the regional water budget under
a changing climate
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Objectives

m To reveal the effect of LCLU changes on the climate and water
resources of the region

m To calculate the water loss via evapotranspiration due to the extension
of irrigated cultivation

m To evaluate how LCLU changes affect the regional water budget under
a changing climate

Method

m Dynamical downscaling

(regional climate model)
m RegCM4 (revision 4283)
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The Abdus Salam o ) e e e ke S > X 50 7 g
[CTP) International Centre N et
for Theoretical Physics 3 ==
image source: F. Giorgi, WMO Bulletin 57(2), 2008
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Study Domain

Eastern Mediterranean and Black Sea (OD-48 km)

= Turkey (TR-12 km //with subgrid-3km)
=  Euphrates & Tigris Basin
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Model Configuration

Domain name 0ODA48 (48 km) TR12 (12 km)

75x95, 100x160, .

18 level 23 level Land surface processes in RegCM4

40, 32 38.7, 37 m BATS (Biosphere-Atmosphere
Transfer Scheme)

* NNRP,OI_WK -+ OD48 9 Subgridding

* EC-EARTH outputs
(3 km resolution)

12,12 18,18 m CLM (Community Land Model)

Boundary Layer Model  HoltslagPBL  Holtslag PBL

Grell Grell

Fritsch & Fritsch &

Chappell Chappell
Moisture Scheme  SUBEX SUBEX
OceanFluxScheme ~ Zeng Zeng
RadiationModel | CCSM CCSM
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Landuse Maps

1993 period
Pre-GAP
 GLCC(USGS)
* Non-irrigated

2000 period
Current GAP (25%)
 CORINE (EEA)

* Partly irrigated

37°E 38°E 39°E 40°E 41°E 42°E

39°N

Future period

Future GAP (%100)

e DSl (Turkish State
Hydraulic Work)

* Fully irrigated

37°N

36°N 36°N
i~ -

37°E 38°E 39°E 40°E 41°E 42°E

[ o ] ] vz [ 1 | EXER

1 Crop/mixed farming 5 Deciduous broadleaftree 9 Tundra 13 Bog or marsh 17 Deciduous shrub 21 Urban

2 Short grass 6 gl broadleaf tree [ 10 Irri Crop ] [14 Inland water ] 18 Mixed Woodland 22 Sub-Urban
3 Evergreen needleleaftree 7 Tall grass 11 Semi-desert 15 Ocean 19 Forest/Field mosaic

4 Deciduous needleleaf tree 8 Desert 12 Ice cap/glacier 16 Evergreen shrub 20 Water and Land mixture
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No Forcing Data Land Use Map Simulation Period
1 NCEP/NCAR Reanalysis Non-irrigated 1991-2010
2 NCEP/NCAR Reanalysis Partly irrigated 1991-2010
3 NCEP/NCAR Reanalysis Fully irrigated 1991-2010
4 EC-EARTH Non-irrigated 1986-2008
5 EC-EARTH /RCP 4.5 Non-irrigated 2046-2065
6 EC-EARTH /RCP 8.5 Non-irrigated 2046-2065
7 EC-EARTH /RCP 4.5 Fully irrigated 2046-2065
8 EC-EARTH /RCP 8.5 Fully irrigated 2046-2065
9 EC-EARTH /RCP 4.5 Fully irrigated 2081-2100
10 EC-EARTH /RCP 8.5 Fully irrigated 2081-2100
, 2 -w %
oy ‘.

(Non-irrigated) (Partly irrigated)  (Fully irrigated)
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Temperature

ipitation

Prec

Evapotranspiration

Model Evaluation

48 km (1991-2008)
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Effects of LCLU change
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No Forcing Data Land Use Map Simulation Period
1 NCEP/NCAR Reanalysis Non-irrigated 1991-2010
2 NCEP/NCAR Reanalysis Partly irrigated 1991-2010
3 NCEP/NCAR Reanalysis Fully irrigated 1991-2010
Non-irrigated Partly irrigated Fully irrigated
TRi12d Celsius (C°) DIFF(TR12¢c-TR12d) Celsius (C°) DIFF(TR12f-TR12d) Celsius (C°)
o
g
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Effects of LCLU changes

on the water budget

AP e it i
4

1991-2010

increase of evapotranspiration in GAP

A 51% with partlyirrigated map
A 114% with fullyirrigatied map
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What happens if we ONLY change the LCLU?

= Land useand land coverchanges cause

» annual surface temperature decrease by about 0.4 °C and 0.8 °C
(irrigation’s cooling effect)

= precipitation increase 3% and 7%, mostly in spring.
(soil moisture T > latent heat fluxT >> convective precipitation T)

" increase in evapotranspiration amounts by 51% and 114% compared to the pre-GAP
conditions, which means significant water loss from the region.

" The increasing water demand of the irrigated region (GAP) is currently
barely compensated by the headwaters of the Euphrates & Tigris basin.

Istanbul Technical University Eurasia Institute of Earth Sciences %‘



What happens if we ONLY change the LCLU?

= Land useand land coverchanges cause
» annual surface temperature decrease by about 0.4 °C and 0.8 °C
(irrigation’s cooling effect)
= precipitation increase 3% and 7%, mostly in spring.
(soil moisture T > latent heat fluxT >> convective precipitation T)

" increase in evapotranspiration amounts by 51% and 114% compared to the pre-GAP
conditions, which means significant water loss from the region.

" The increasing water demand of the irrigated region (GAP) is currently
barely compensated by the headwaters of the Euphrates & Tigris basin.

Let’s add the effects of increasing greenhouse gas emissions!
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INTEGRATED Effects of LCLU change + RCPs

Non-irrigated Fully irrigated

RF RCP45-RF RCP85-RF

RF Celsius (C°)  DIFF(RCP45-RF) Celsius (C°) DIFF(RCP85-RF) Celsius (C°)
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Seasonal Cycle
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Effects of RCP scenarios
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Integrated effects (LCLU + RCPs)
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Conclusions

= Qur experiment reveals that the regional water budget will be adversely
affected by the water loss through the increased evapotranspiration.

= The increasing water demand of the irrigated region (GAP) is currently
barely compensated by the headwaters of the Euphrates & Tigris basin.

= Temperature decrease caused by increased evapotranspiration will be at the
same order of the increase in temperature due to RCP forcing. Hence, the
temperature of the irrigated region will not be changed significantly in the
future.

= The water of the region is primarily partitioned between energy production,
irrigation and release for the downstream countries, the dramatic increase
in water loss through evapotranspiration has potential to alter the water
management practices and policy measures in the larger region.
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velizyilmaz@itu.edu.tr
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Change of Land Use Types

Area (%)
Land cover Non-irrigated Partly irrigated Fully irrigated

[ | 1 - Crop/mixed farming 41.3% 32.2% 24.4%
[ ] 2-Short grass 8.4% 8.0% 7.9%
Il 3 - Evergreen needleleaf tree 0.1% 0.1% 0.1%
[T 4 - Deciduous needleleaf tree 0.1% 0.0% 0.0%
(] 7-Tallgrass 0.6% 0.5% 0.5%
B 10 - Irrigated Crop 0.7% 17.4% 37.9%
% 11 - Semrdeser 14.6% 12.6% 10.6%
B 19- Foarlest/vlziae:;mosaic 1.7% 2.5% 3.0%

32.4% 26.7% 15.6%

(Non-irrigated) (Partly irrigated) (Fully irrigated)
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T e *  Soil Moisture T

'

(+) ,| Albedo!

l

Shortwave Absorption T

'

Net radiation T

/N

Tendency for Latent Heat Flux T Sensible Heat Flux |
vegetation growthT l
. \ /N
T Evapotranspiration T PBL. Ground and near
surface Temperature |
Soil Moisture T l l
A
Water Vapor T Moist Static Energy T
Convective Clouds T |,
Convective Precipitation T

Conceptual diagram of the land-atmosphere interactions due to a change in soil moisture. The dashed lines show a
positive feedback, while the dotted line represents a negative feedback. Figure is adopted from the studies of
Pitman (2003), Lawrence & Slingo (2005) and Seneviratne et al. (2010).
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Effects of LCLU changes on the
energy and water budget
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LCLU change + RCPs effect
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