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Problem definition
Observed wintertime Mediterranean drying over the last century
Observed change in Nov-Apr precipitation; showing the period 1971–
2010 minus 1902–70 based on GPCC data (Hoerling et al., 2012)

Study region
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Regional characteristics: Land cover and NDVI
(Normalized Difference Vegetation Index)
Our study addresses agricultural drought
 focus is on three major agricultural classes plus shrubland

NDVI

Spatial distribution of NDVI in April 2000 (left)
and the NDVI phenology throughout the year
(mean 1982-2001) for chosen land uses

NDVI

Land cover and
precipitation/aridity zones
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Climatic input for the calculations
Climate stations and spatially interpolated data
The interpolations
were conducted daily
for the years 19612004. The individual
figures show the longterm annual averages.
The data serve as
input to:
▪ The drought
indices SPI and
SPEI
▪ The hydrological
model TRAIN
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Aim of the study:
a) Which drought index best explains the vegetation dynamics?
 Correlation analysis between SPEI/SPI – soil moisture – NDVI
b) How are the characteristics of future droughts?
 Deriving drought conditions under current and future climate
c) What are the agricultural impact of climate change?
 Simulating Irrigation water demand during future droughts.
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Standardized Precipitation Index (SPI)
• SPI is a drought index based on monthly precipitation.
• Standardized Precipitation and Evaporation Index (SPEI) in addition
incorporates temperature.
• SPI and SPEI can be applied on several time-scales (1, 3 or 6 months
etc.) in order to monitoring different types of droughts
(meteorological, hydrological, agricultural etc.)
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Correlation analyses SPEI – soil moisture - NDVI

SPEI-1 & soilm.
r = 0.41

SPEI-3 & soilm.
r = 0.67

SPEI-6 & soilm.
r = 0.77
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Correlation analyses SPEI-6 vs. NDVI

Scatterplots between NDVI and
SPEI-6 for chosen land uses and the
different months of the main
vegetation period
Each dot represents one year
between 1982 and 2001. Also
shown are the correlation
coefficient r and the p-value.

Significant correlation during
vegetation peak.
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Correlation analyses NDVI vs. SPEI and SPI

Correlation of NDVI and multiple timescales of SPEI and SPI

correlation coefficient r

correlation coefficient r

The figures are based on the months January to May, and the land uses cereals,
cropland, mosaic and shrubland. Hence, altogether there are 20 values for each
timescale.

SPEI timescale

SPI timescale

A time-scale of 6 months performed the best!
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Aim of the study:
a) Which drought index best explains the vegetation dynamics?
 Correlation analysis between SPI/SPEI – soil moisture – NDVI
b) How are the characteristics of future droughts?
 Deriving drought conditions under current and future climate
c) What are the agricultural impact of climate change?
 Simulating Irrigation water demand during future droughts.
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Scenarios for the Mediterranean
Relative change of precipitation in the 21st century,
in comparison to the reference period 1961-1990
Annual change, A2, 2071-2100
(Gao & Giorgi, 2008)

DJF change, A1B, model ensembles,
2090-2099 (IPCC 4AR, 2007)

Dotted areas: more than 90% of the applied models
agree in the direction of change

Note that the drying signal over the Mediterranean has been a remarkably robust feature of
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climate change across forcing scenarios and future time periods

Climate projections 2031-2060 relative to 1961-1990

Projected relative changes in
precipitation and
temperature.
The figure shows projected data
for 2031–2060 in comparison
with the climate model control
run 1961–1990.
(emission scenario A1B):
• A decrease in precipitation by
10 to 20%
• An increase in temperature by
1.5 to 2.5°C

Precipitation

Temperature

Krichak et al. (2011); Smiatek et
al. (2011); Samuels et al. (2011).
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Drought projections for the period 2031-2060
Probability density functions for the SPEI-6 (upper row) and
SPI-6 (lower row)
A shift towards drier conditions (lower SPEI / SPI values) is projected by all climate model
combinations. Also notice the clear difference between SPEI/SPI for future projections.
Ref = reference
conditions (1961-1990)
Ctrl = GCM / RCM
control run (1961-1990)
Proj = GCM / RCM
climate projections
(2031-2060)
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Drought projections for the period 2031-2060

The percentage of time with moderate, severe and extreme drought as
derived with SPEI-6
The values are standardized to the reference period 1961-1990 (from observations), Ctrl =
GCM / RCM control run (1961-1990), Proj = GCM / RCM climate projections (2031-2060)

Reference vs. Ctrl: Note the uncertainties (e.g., clear overestimation
of severe and extreme droughts for ECHAM5-based results)
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Drought projections for the period 2031-2060

The percentage of time with moderate, severe and extreme drought as
derived with SPEI-6
The values are standardized to the reference period 1961-1990 (from observations), Ctrl =
GCM / RCM control run (1961-1990), Proj = GCM / RCM climate projections (2031-2060)

Projections: note the strong increases in the percentage of time with moderate,
severe and extreme droughts  longer and more intense droughts
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Aim of the study:
a) Which drought index best explains the vegetation dynamics?
 Correlation analysis between SPI/SPEI – soil moisture – NDVI
b) How are the characteristics of future droughts?
 Deriving drought conditions under current and future climate
c) What are the agricultural impact of climate change?
 Simulating irrigation water demand during future droughts.
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Yatir forest – study site
• An afforestation project (28,000 ha) in semi-arid, southern Israel
• Evapotranspiration measured over the canopy

Photos: Yatir forest research
group, 2013.

17

TRAIN
• A physically based hydrological
model

• Developed by Menzel (1997);
Menzel et al. (2009)
• For Mediterranean conditions:
 A sub-routine for bare soil
evaporation was implemented
 The parameterization of the
leaf area index (LAI) was
improved (Törnros & Menzel,
2013a)
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Yatir forest, model validation
•

Good model performance during the wet winters

•

Initial overestimating of ET during the dry summers

•

Transpiration 47%, interception evap. 6%, bare soil evap. 26%, runoff 20%

Nov. 2002 – Oct. 2003:
r² = 0.75
NSE = 0.22
Nov. 2002 – Mar. 2003:
r² = 0.73
NSE = 0.62
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Irrigation water demand
Simulated with TRAIN:
The agricultural sector is expected to become more vulnerable to
drought

Mean
1961-1990

Longest drought
1961-1990

Longest drought
2031-2060

Annual mean: 80 mm
(1810 million m³ in total)

122 mm
(2770 million m³; +53%)

174 mm
(3950 million m³; +118%)

Törnros & Menzel
(2013b)
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Summary

▪ Correlation analysis between NDVI, simulated soil moisture and SPEI / SPI
shows that the moderate timescales perform best, and that the correlation
is strongest around vegetation peak
▪ The SPEI-6 best explains the inter-annual variability of the monthly NDVI,
but the moderate SPI-timescales perform almost equally well
▪ Most climate models tend to overestimate the drought occurrence for the
control period, however a comparison between future projections and the
climate model control run is seen as valuable
▪ The results show that a strong increase in the percentage of time with
moderate, severe and extreme droughts is expected for 2031-2060 (and
beyond)
▪ Irrigation water demand is projected to increase disproportionately in
order to sustain agriculture at its current extent and intensity
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Website
http://www.glowa-jordan-river.de/
www.geog.uni-heidelberg.de/hydro/

E-Mail
tobias.tornros@sweco.se
lucas.menzel@uni-heidelberg.de
Törnros, T. and Menzel, L.: Addressing drought
conditions under current and future climates
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Sci., 18, 305-318, 2014.
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