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Drought Hazard

Natural Climate Variability

Precipitatio

(amount, intensity, timing)

n deficiency High temperature, high winds, low
relative humidity, greater
sunshine, less cloud cover

Reduced infiltration, runoff,
deep percolation, and
ground water recharge

Increased evaporation
and transpiration

Time (duration)

Soil water deficiency
|

Plant water stress, reduced
biomass and yield
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reduced wetlands,
wildlife habitat
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Drought Hazard in Closed Basins
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Drought Monitoring & Assessment

DROUGHT INDICES

Percent of Normal Precipitation Index (PNI)
Standardized Precipitation Index (SPI)
Palmer Drought Severity Index (PDSI)
Palmer Hydrological Drought Index (PDHI)
Palmer Z-Index (ZNDX)

Water Exploitation Index (WEI)

Aridity Index (Al)
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Hydrological Drought Assessment

__________________

* Deterministic Approaches
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Remote Sensing Techniques in Drought Assessment

* Various indices have been
developed to monitor vegetation
change by processing satellite

signals z
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Climate Change & Droughts

* GHG and emissions from human
activities are estimated to keep
accumulating to the compelling
levels in the atmosphere by 2100.

* These accumulations are likely to Temperature Change (degrees Celsius)
emerge aS Changes in 2 -15 -1 -05 0 05 1 1.5 2 3 4 5 7 9 11
precipitation and air temperature.

* Climate change as a
consequence of global warming
unbalance the existing conditions
In hydrological systems and
processes. e 40 3% 20 10 o 1o 2 Ao

Precipitation Change (percent)
|
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Drought Assessment under Climate Change

GCM Hesolution
e.g. HADCM2 2 .50 x 3.7

* Climate change
projections are performed
by climate modeling.

* RCM simulations provide
valuable insight into
drought studies.

* These outputs can be
used to project future
streamflow, low flow
behavior of surface
waters, and drought
conditions.
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Drought Decision Support System

* A toolbox associated with
a geographical database
IS required to compile all
available datasets —such
as meteorological,
hydrological, agricultural,
administrational,
economic and social—
and monitor, forecast and
assess historical and
prospective drought
risks.
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Drought Impact Assessment

Severity-duration-impact oa ]
relationship of drought 0
hazards should be 2 ol
assessed. g o
However, impacts of e
historical droughts are 0o
usually not well-reported 8
or quantitatively ot i e
assessed. 12
Therefore drought impact 14
data needed to be 16
generated.
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Drought Vulnerability Assessment

Relentless
This approach incorporates Factors
all drought-related information
along with temporal and Thread

spatial characteristics,
severity, frequency and
impacts of drought hazards.

The output of the assessment

Exposed
IS a singular vulnerability
score. vv
. . . Low
This is a beneficial tool for e

administrators and policy Capacity

makers.
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Drought Vulnerability Assessment

>

Drought Impact Analysis

Drought —_—
Threat -~

Physical Conditions

rought
Vulnerability /
Analysis
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Changes in
meteorological and
hydrological conditions
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Threat x Susceptibility = Impact
Impact / (Adaptation Capacity) = Vulnerability
Prospective Threats x Vulnerability = Risk
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Study Area: Konya Closed Basin, Turkey
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Trends in Precipitation Records

Annual precipitation rates decreased about 5-10% in the region.

The frequency of light rains remains constant, but high and moderate
rainfall frequencies decrease in the basin.

200 Aks?ray(1f19?) . . | . . Stalioln n0:171?2 . | 500 Konya (17250) . Statllon no: 1Ir250
% 5300
Trends in Rainfall recorded at Aksaray Trends in Rainfall recorded at Konya
Meteorological Observation Station Meteorological Observation Station
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Droughts in the Basin

* The basin has been overwhelmed
by droughts at various severity
levels once in every 22 to0 3
years.

* Mild and moderate droughts are
computed most frequent and
recurred once in every %2 to 7
and 9 to 10 years, respectively.

* Severe droughts are experienced
between 1973-1974, 1984-1985,
2000, 2004-2009 and 2013.
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Severe Prolonged Droughts
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Detecting Drought using Remote Sensing Techniques

nnnnn

33°E 34°E

I 42 :
The NDVI computed using the MODIS The spatial distribution of original
image acquired on March, 22nd 2008 PDSI value in March 2008
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Regional Climate Modeling (RCM)

* GCMs used in the study:
- MPI-ESM-MR (Max Planck, Ger)
— HadGEM2-ES (Met Office, UK)
— GFDL-ESM2M (NOAA, USA)
* RegCM 4.3.5 run under RCP
4.5 and RCP 8.5 scenarios at
10 km resolution.

* Bias-correction applied to the
outputs.
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Prospective Droughts in the Basin

* Prospective drought hazards
are forecasted for the 2015-50
period using RCP4.5 outputs of
HadGEM2 GCM.

* Simulations established that
three major droughts would
emerge in the next 35 years.

—2024-25 Drought
—2035-40 Drought | |
—2047-49 Drought

The spatial distribution of cumulative PDSI
value of prospective 2037-40 drought
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Conclusion

More frequent droughts and floods are anticipated in following
decades as a consequence of global warming and climate change.

Institutions and organizations commissioned to act for the prevention
of extreme hydrological hazards should develop strategies and
management plans.

Most of the countries have national strategy document or guideline
for drought mitigation; however, there are very few plans exist for
regional or basin-wise drought management.
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THANK YOU FOR YOUR ATTENDANCE

Photos of Bagbasi Dam and the 17km long Derivation Tunnel from
The Mavi Tunnel Inter-Basin Water Transfer Project (414 hms3/year)

For more information: ekoken@dolsar.com.tr
bkirmencioglu@ormansu.gov.tr
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