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Southeastern Anatolia Project (GAP)
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Southeastern Anatolia Project (GAP)

m Irrigated Area

m 2016
502,154 ha
Landsat images 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 in the Harran Plains.
https://earthobservatory.nasa.gov/Features/HarranPlains/
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Objectives

m To reveal the effect of LULC changes on the current 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 LULC changes affect the regional water budget under
a changing climate

Method :

m Dynamical downscaling
(regional climate model)
m RegCM4 (revision 4283)

OIS 2.5 e B P
\ - '#: 4 P :
The Abdus Salam ) ; .' 2
(CTP International Centre S S
for Theoretical Physics 4
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 73 level Land surface processes in RegCM4

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

* NNRP, OI_WK <+ OD48 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
Ocean FluxScheme ~ Zeng Zeng
Radiation Model ~ CCSM CCSM
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Landuse Maps

1993 period
Pre-GAP

* GLCC (USGS)
* Non-irrigated

2000 period
Current GAP (25%)
« CORINE (EEA)
e Partlyirrigated

Future period

Future GAP (%100)

e DSI (Turkish State
Hydraulic Work)

e Fullyirrigated

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

2 Short grass 6 green broadleaf tree [ 10 Imigated Crop ] [u Inland water ] 18 Mixed Woodland 22 Sub-Urban
3 Evergreen needleleaf tree 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

Istanbul Technical University Eurasia Institute of Earth Sciences ‘g\‘



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
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M O d e I Eva I u a t i O n No Forcing Data Land Use Map Simulation Period
1 NCEP/NCAR Reanalysis Non-irrigated 1991-2010
4 EC-EARTH Non-irrigated 1986-2008
48 km (1991-2008)

NNRP Driven Simulation

NNRP-0OBS EC-EARTH-OBS EC-EARTH Driven Simulation
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No Forcing Data Land Use Map Simulation Period
Effe Cts Of LU LC C h a n e 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
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soil moisture (10cm)

TR12 %

Effects of irrigation
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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 LULC changes
on the water budget | w
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What happens if we ONLY change the LULC?

= Land use and land cover changes 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 flux T >> 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 including the downstream water release by the
headwaters of the Euphrates & Tigris basin.

Let’s add the effects of increasing greenhouse gas concentrations!

Istanbul Technical University Eurasia Institute of Earth Sciences %\



| N T E G R AT E D Eff e Ct S Of No  Forcing Data Land Use Map Simulation Period

4 EC-EARTH Non-irrigated 1986-2008

7 EC-EARTH / RCP 4.5 Fully irrigated 2046-2065

LU LC C h a n ge + RC PS 8 EC-EARTH / RCP 8.5 Fully irrigated 2046-2065
Non-irrigated Fully irrigated

RCP45-RF RCP85-RF

Canmn 157 DIV NG W

2046-2065

e L at -1 -y =4 L 3 o oy » A - o

EC-EARTH driven 12 km simulations
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Seasonal Cycle
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Effects of RCP scenarios Integrated effects (LULC + RCPs)
(GAP Region)
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Photo credit : gap.gov.tr

hr 0ug tbe mcreased evapotransplratlon

>

® The increasing waterﬁemand of + the\{anted region (GAP) is currently
‘ba compen e hea’dﬁ?a@:ojt\hlafuphrates & Tigris basin.

. Tempefature dec eased evamransplratlon will be at the
same order of the increase in temperature due- mﬁ;P forcing. Hence, the

temperature of the irrigated region will not be ed significantly in the
future. P

= The water of the region is primarily partiti
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Irr| fn technlques (rood mkIerfdrlp)
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Thankyou*

velizyilmaz@itu.edu.tr

* This study was supported by TUBITAK (The Scientific and Technological Research Council of Turkey ) .

Research Grant Number : 114Y114

* My NCAR visit is currently supported by the TUBITAK Doctoral Research Fellowship Programme.
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EC-EARTH

Performance Evaluation

Future-Reference (Turkey)
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Sensible Heat Flux

Latent Heat Flux
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Temperature

Precipitation

Evapotranspiration

LULC change + RCPs effect

Non-irrigated Fully irrigated // Mid-century Fully irrigated // End-century
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