Concerns

How much water will be available for use
in the mid- and long-term horizon?




Case study: Kizilirmak River Basin, Turkey
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Black Sea

» Several hydropower
projects

* Intense agricultural
production (to be

extended) :
- Source of drinking TAe el g -'
W g : Mg:-c- " P " Ri
water 2 ‘L\.‘__\Jv,_ﬂ; Hime ¢ B / ivers
‘\}' £ 5-' SR, B (@ Lakes/reservoirs
(o . \ll.\-" ,-f] SRR 2 /Catchment boundaries |
o 15 X an 0 T i )'\ i A gL % - _ __




Irrigation dams are
huge infrastructure










WEAP as a modelling tool

Hydrological module as the basis for supply calculations

Incorporates human consumption and use of water, and
the effect of water infrastructure

Supports analysis of the effects of policy scenarios on the
water resources (e.g. changes in priorities of water use,
land management practice, etc.)

Supports long-term analysis e s
of available water resources FL
(e.g. climate change) — —

Supports dynamic linking to
other tools, scripting

Catchment

Hydraulic Head
Storage Volume
Spring Discharge

Groundwater Flow

GW Recharge
Abstraction Rate
River Stage
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Division into sub-
basins and
‘control points’

/ Rivers

O Lakes/reservoirs

/ Catchment boundaries




WEAP Model setup

The river basin schematically presented
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* Red numbers on top: sub-basin numbering
e Black numbers: volume of reservoirs in mill. m?3



Model calibration — an important first step

Annual averages - Sub-basin 1 M Modelled
m Observed
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- Plans for irrigation
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2050

2090

Scenario definition (based on RCP4.5)

Scenarioname Temperature Precipitation Imgation
Summer/Winter | Summer/Winter
[° C]

Year 2013 Observed Observed As built by 2013
Year 2050A +2.5/+1.5 -5 % 1-25 % No new from 2013
Year 2050B +25/+15 5% 1-2.5 % As planned
Year 2090A +3/+2 -10 % /-5 % No new from 2013
Year 2090B +3/+2 “10% /-5% As planned
Year 2090C +3/+2 -10 % /-9 % As planned + more
Dry Year 2090C +3/+2 -10% /-5% As planned + more

Based on: IPCC, 2013: Annex |




Scenario Results

Scenario name Temperature Precipitation Irrigation
Summer/Winter Summer/Winter
[* C]

Year 2013 Observed Observed As built by 2013
Q Year 2050A +2.5/+1.5 S %/-25% No new from 2013
< Year 2050B +2.5/+1.5 -5 % /-2.85 % As planned

Year 2090A +3/+2 -10 % /-5 % No new from 2013
b= Year 2090B +3/+2 -10 % /-5% As planned
< Year 2090C +3/+2 -10 % /-5 % As planned + more

Dry Year 2090C +3/+2 -10 % /-5 % As planned + more

Average water flows at outlet of sub-basins
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Average flow [m3/sec]

—Sub-basin 1

—Sub-basin 2
225

Sub-basin 3

200 ‘\ ——Sub-basin 4
175
150 @ 2090 —

125 —

100 —

75 1 —

Water flow [m3/sec]

50 e —

25 —

Calibration 2013 2050A 2050B 2090A 2090B 2090C  Dry Year
2090C

Scenario




Analysis: the effect of water losses and demand
fulfillment with and without reservoirs

All numbers in m3/s

Evaporation
losses from

I reservoirs
Present 140.9

With reservoir

Present _Pﬁdd Irrigation
No reservoir Water

Mid-century J ' J ' ‘ i J '
With reservoir Black to grey

10.06

arrows.:
Mid-century 139.4
No reservoir — — — — Remaining
10.06 water in the
river

'0'28 30.2 '2°21 45.3 J 100 445 J 474 819
End-century

With reservoir
3.18 4,86 43.8 10.06

30.8 47.6 72.0 126.4
End-century

No reservoir
2.87 3.45 27.6 10.05




Conclusions Kizilirmak, Turkey

The effect of climate change and irrigation will reduce the
available water resources significantly.

Small changes in climate will potentially make big changes in
runoff when low runoff coefficients (low effective rainfall & high
evaporation)

The effect of climate change is stronger than irrigation in some
parts of the basin - opposite in other parts.

The risk profile of the investment portfolio is to a large extent
affected by the location of the prospects in the river basin

Integrated assessment of the water resources needed in order to
plan the mid- and long-term available water resources



Risks of future hydropower developments

Large
uncertainties

Climate change:

« Lower precipitation?
» Higher evaporation?
« More intense short-term prec. events? [
- Longer/more frequent droughts?

= = — -,E-_—_,..._-—' =
a Changes in use of water/policies:

» Growing population
| | * More food needed/irrigation

« Environmental requirements
« Multi-purpose reservoirs

Change in storage capacity

Reservolr Capacity [k’
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