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Sahel Droughts

Sahel forest near Kayes Mali Rangeland, rainy season, near Mbeuleké, Senegal (© |. Touré/CIRAD)
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California Droughts
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The cracked bed of O.C. Fisher Lake in San Angelo, Tex., in
August 2011. Things could get far worse in decades to come,
a new study projects. Associated Press

New projections by researchers indicate that

coming decades in California, Nevada, the
Colorado River headwaters region and Texas,
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The cracked bed of O.C. Fisher Lake in San Angelo, Tex., in
August 2011. Things could get far worse in decades to come,
a new study projects. Associated Press

New projections by researchers indicate that

coming decades in California, Nevada, the
Colorado River headwaters region and Texas,
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Extreme Weather 101: Drought
www.Climatecentral.org

https://www.youtube.com/watch?v=vhO0OLgEvxW0O
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www.Climatecentral.org
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Droughts=disasters...
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Figure 1.2. Disasters, by type, affecting 1% or more of total population, 1963-92.

[WILHITE, “DROUGHT AS A NATURAL HAZARD,” 2000]
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Definitions

Drought: A period of abnormally dry weather, relative to mean
conditions, long enough to cause a serious hydrological imbalance.

meteorological drought: abnormal precipitation deficit

hydrological drought: reduced runoff and surface water, streams,
lakes, etc (depends on precipitation and evaporation over recent past)

agricultural drought: shortage of precipitation during the growing
season affecting crop production or ecosystem function

socioeconomic drought: affecting human society

megadrought: a long & pervasive drought, usually a decade or more.
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Definitions
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Evapotranspiration: evaporation
ground to atmosphere via plants.

Definitions

evapotranspiration =
transpiration + evaporation

7\

Ve

transpiration

A o

trees grass

e = fe, evaporation

;’(\;'v; "«\J V 9?" \‘}?‘J

n,l

\/\

v

/C

i
/C

/V
lhy )

Y

groundwater
recharge

v

Global Warming Science 101, Droughts, Eli Tziperman

olus water transport from
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Potential evaporation/evapotranspiration: evaporation
that would have occurred given current conditions, assuming

Nno lack of surface water.
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Definitions
Evapotranspiration: evaporation plus water transport from
ground to atmosphere via plants. evapotranspiration =
transpiration + evaporation
rtranspiration )
VN VN https://en.wikipedia.org/wiki/
trees grass Evapotranspiration

e = fe, evaporation
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Potential evaporation/evapotranspiration: evaporation
that would have occurred given current conditions, assuming
no lack of surface water.

Evaporation minus precipitation: the net seen by the soill.
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workshop #1:
past and future of Sahel & South-West US droughts
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Why do droughts happen, and what can
make them change In the future:

High sea level pressure: (1) diverts rain storms
(2) causes subsidence and therefore drying

* Storms that hit California
are redirected by the jet
stream to Canada.

@ CcOLD

A high pressure
system over the
northeastern Pacific
Ocean is creating
the drought.

Source: Stanford Woods Institute JEFF GOERTZEN, STAFF
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Why do droughts happen, and what can
make them change In the future:

High sea level pressure: (1) diverts rain storms
(2) causes subsidence and therefore drying

“ Storms that hit California
dare redirected by the jet
stream to Canada.

https://blog.weatherops.com/how-does-subsidence-affect-weather

Divergence Convergence

H COLD
WARM/DRY '\ /' \ /
A high pressure
. y N —

system over the
northeastern Pacific
Ocean is creating
the drought.

Source: Stanford Woods Institute JEFF GOERTZEN, STAFF | | ~Lonverge
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Why do droughts happen, and what can
make them change In the future:

High sea level pressure: (1) diverts rain storms
(2) causes subsidence and therefore drying

“ Storms that hit California
dare redirected by the jet
stream to Canada.

WARM/DRY

https://blog.weatherops.com/how-does-subsidence-affect-weather

A high pressure
system over the
northeastern Pacific
Ocean is creating
the drought.

Source; Stanford Woods Institute

Cause of high pressure? Sea surface temperature anomalies
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Why do droughts/floods happen:
sea surface temperature & atmospheric
teleconnections

Three examples of processes that lead to sea surface
temperature anomalies, leading to drought-causing high
oressure signals:

1. El Nino
2. Indian Ocean dipole
3. Atlantic multi-decadal oscillation
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=l Nino - Southern Oscillation (ENSO)

http://www.bom.gov.au/climate/enso/history/

In-2010-12/three-phases-of-ENSQ.shtml Neutral o
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=l Nino - Southern Oscillation (ENSO)
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Atmospheric teleconnections: Rossby wave train forced by ENSO

sea surface temperature anomaly
during an El Nino event
(https://snowbrains.com/noaa-el-
nino-update-today/)



https://snowbrains.com/noaa-el-nino-update-today/
https://snowbrains.com/noaa-el-nino-update-today/
https://snowbrains.com/noaa-el-nino-update-today/

Global Warming Science 101, Droughts, Eli Tziperman

Atmospheric teleconnections: Rossby wave train forced by ENSO

atmosphere geopotential height
anomaly; shaded area at equator:
enhanced cloudiness and rain. Light
arrows: mid-tropospheric stream line
distorted by wave pattern. (Horel &
Wallace 1981)

sea surface temperature anomaly
during an El Nino event
(https://snowbrains.com/noaa-el-
nino-update-today/)
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Atmospheric teleconnections: Rossby wave train forced by ENSO
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anomaly: atmospheric heating due to
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Atmospheric teleconnections: Rossby wave train forced by ENSO

solid conta S
atmospher precipitation and

anomaly: atmospheric heating due to
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arrows: mitatmospheric waves
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California drought due to Rossby wave train forced by ENSO

(a) Precip climatology ; (b) Precip dry year composite
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Figure 12.2: Analysis of California droughts in a climate model. The coupled

ocean-atmosphere model is run at a preindustrial CO2 concentration: climatological
January averages (left) & the deviations from climatologies averaged over dry California
Januaries (right) precipitation (top), sea level pressure (middle), & SST (bottom).
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El Nino - Southern Oscillation (ENSO) teleconnections: El Nino

WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY

Regional impacts of
warm ENSO episodes
(El Nino)

TEERENRINRERE.
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https://en.wikipedia.org/wiki/El Ni%C3%B10




“El Nino Brought Drought and Fire to Indonesia” 2005, NASA
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NASA image by Jeff Schmaltz, LANCE/EOSDIS Rapid Response. Caption by Adam Voiland.

“One of the most predictable consequences of a
strong El Nino is a change in rainfall patterns
over Indonesia. During El Nino years, rain that is
normally centered over Indonesia and the far
western Pacific shifts eastward into the central
Pacific; as a result, parts of Indonesia experience
drought. That is what happened in 2015.”

https://www.nasa.gov/feature/goddard/2016/
el-nino-brought-drought-and-fire-to-indonesia
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El Nino - Southern Oscillation (ENSQO) teleconnections: El Nino

Winter precipitation patterns during strong, moderate, and weak El Nino events since 1950
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El Nino - Southern Oscillation (ENSO) teleconnections: La Nina
COLD EPISODE RELATIONSHIPS DECEMBER - FEBRUARY

M- ae e
-]
[ | TREEERT
0N ¢+ -
m - 4 .
o &, Y ‘\\’,'\1:1.\'1""""'
m EEE LR - ;.:............
Y
104 I
EQ :
104 .....%... R

SRR

-] aE 120E 1w 12Id KW

FENEETEREEREE

https://commons.wikimedia.org/wiki/File:lL a Nina regional impacts.qgif
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Indian Ocean Dipole

http://www.bom.gov.au/climate/iod/
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Indian Ocean Dipole (IOD): Positive phase

@ Commonwealth of Australia 2013.

Equator

|IOD time series, Berthot et al, 2017

Indian Ocean Dipole (IOD): Neutral phase

@ Commonweal Ith of Australia 2012

A surface temperature gradient (“dipole”) between the east & west Indian Ocean,
triggers a vertical east-west circulation & therefore droughts/ precipitation


http://www.bom.gov.au/climate/iod/
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Atlantic Multi-decadal Oscillation
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The Atlantic Multi-decadal Oscillation index (right) is the averaged SST over the
North Atlantic (O-70N). Shows an oscillation with a time scale of about 50 years.

https://en.wikipedia.org/wiki/Atlantic multidecadal oscillation
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S0, what can make regional
droughts change in the future”

Droughts can change due to changes to natural variability modes (El
Nino, AMOC, Indian dipole), or other changes to patterns of sea
surface temperature (both due to mean state and variability) that lead
to remote changes in the location/ occurrence of high pressure centers.
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The Palmer Drought Severity Index

The PDSI is a standardized index
based on a simplified soil water
balance and estimates relative
soll moisture conditions. The
magnitude of PDSI indicates the
severity of the departure from
normal conditions. A PDSI value
>4 represents very wet
conditions, while a PDSI <-4

Dry Conditions (Relative)

)

represents an extreme drought. 5 4 3 B 1
Wet Conditions (Relative)

( . 2020

1 2 3 4 5

https://www.drought.gov/data-maps-tools/us-gridded-palmer-drought-severity-index-pdsi-gridmet
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How unusual was the 2012-2014 Cal
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Griffin & Anchukaitis, 2014: \z\ S |
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Figure 1. (a) Regional mean North American Drought Atlas (NADA) PDSI for Central and Southern California (33°N

to 38°N and 118°W to 125°W; black line) and instrumental June through August NOAA Climate Division 4—7 PDSI
(solid red line) for the observational period 1895 to 2014 [Vose et al., 2014]. The JJA season is chosen to match
the NADA reconstruction target. Uncertainty (1o) calculated as the root-mean-squared error from the residual fit of

the NADA to the instrumental series shown as the shaded gray region. The red line and star indicate the 2014
value. (b) Distribution of the composite NADA-NOAA JJA PDSI values for the period 800 to 2014. The 2014 value
is indicated by the red line and is labeled. (c) Long-term (800 to 2014) composite NADA-NOAA (black line) and
instrumental (solid red line) PDSI. The horizontal dashed red line and star indicate the 2014 value. Uncertainty on
the composite calculated as the root-mean-squared error from the residual fit of the NADA to the NOAA
instrumental series shown as light (20) and dark (1) shaded gray regions.
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notes section 12.3:
Detection of climate change signal in droughts using “non-
parametric” statistical analysis
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Workshop #2:
/dentifying ACC In a long-term SW US drought record
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l[dentifying ACC in a long-term SW US drought record
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Observations and future projections

WO 1est cases:

1. South-West US
2. Sahel

and then a global perspective
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Sahel Droughts



Sahel Droughts

THOMAS AND NIGAM, 2018
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Sahel Droughts &5
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Sahel Droughts
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FIGURE 6.7 Monsoon season (June—October; JUJASO) historical precipitation anomalies (relative
to the 1901-2017 mean) averaged across the Sahel (10°N-20°N, 20°W-10°E) from 1901 to
2017. Anomalously wet conditions affected the Sahel for most of the 1950s and 1960s, but the
region experienced an abrupt shift toward drought in 1968. Despite some recovery from the peak
precipitation deficits in the 1970s and 1980s, this late 20th-century drought persisted well into
1990s, resulting in a mostly continuous ~30-year period of low precipitation. Source: Data from
the University of Washington Joint Institute for Study of the Atmosphere and Oceans,
doi:10.6069/HEMW2F2Q), http://research.jisao.washington.edu/data_sets/sahel/. Underlying data
are from the Global Precipitation Climatology Centre Full Data Reanalysis Version 7 [Schneider et
al., 2015] and First Guess Product [Ziese et al., 2011], https://www.dwd.de/EN/ourservices/gpcc/
gpcc.html. Cook, Ben. Drought . Columbia University Press. Kindle Edition.
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Sahe‘ DrOug Nts recent recovery?
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FIGURE 6.7 Monsoon season (June—October; JUJASO) historical precipitation anomalies (relative
to the 1901-2017 mean) averaged across the Sahel (10°N-20°N, 20°W-10°E) from 1901 to
2017. Anomalously wet conditions affected the Sahel for most of the 1950s and 1960s, but the
region experienced an abrupt shift toward drought in 1968. Despite some recovery from the peak
precipitation deficits in the 1970s and 1980s, this late 20th-century drought persisted well into
1990s, resulting in a mostly continuous ~30-year period of low precipitation. Source: Data from
the University of Washington Joint Institute for Study of the Atmosphere and Oceans,
doi:10.6069/HEMW2F2Q), http://research.jisao.washington.edu/data_sets/sahel/. Underlying data
are from the Global Precipitation Climatology Centre Full Data Reanalysis Version 7 [Schneider et
al., 2015] and First Guess Product [Ziese et al., 2011], https://www.dwd.de/EN/ourservices/gpcc/
gpcc.html. Cook, Ben. Drought . Columbia University Press. Kindle Edition.
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Sahel Drou 9 Nts recent recovery?

Historical precipitation
anomalies (cm/month)

FIGURE 6.7 MA@
to the 1901-201
2017. Anomalousl
region experienced .
precipitation deficits | o #g0ght persisted well into

7T 10
#00s, but the

1990s, resulting in a O Ecipitation. Source: Data from
the University of Washi %, N Atmosphere and Oceans,
doi:10.6069/HEMWZ2F2() * ' gton.edu/data_sets/sahel/. Underlying data
are from the Global Precip Entre Full Data Reanalysis Version 7 [Schneider et

al., 2015] and First Guess F
gpcc.html. Cook, Ben. Drougd

ret al., 2011], https://www.dwd.de/EN/ourservices/gpcc/
ODlumbia University Press. Kindle Edition.



https://www.dwd.de/EN/ourservices/gpcc/gpcc.html
https://www.dwd.de/EN/ourservices/gpcc/gpcc.html

Normalized Variations

Normalized Variations

WINTER

\ \ \ \ \ \ \ \ \ \
Sahara Expanse - 100mm/year; linear fit: 20053 sq km/year (1902-2013), 10852 sq km/year (1949-2013)

= = = Average latitude of northern edge of the Sahara; r = 0.94

Sahel Droughts — apnos 1

4
/' \ V4 / ,I-\ A P
V4
. - _ 4 r > VN
,\y = W
~

L ! ! ! ! ! ! ! ! L]
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
SUMMER
éahara Expénse - 100m‘m/year ; Iim‘ear fit: 7825‘ sq km/year‘
= = = Average Sahel Rainfall; r =-0.80
L 7N\ _
R J ,\ RO /\-“(\ /\J\/\m
I
\ " \ /- ‘- ‘
\
1
\
L
Vv .
\ \ \ \ \ \ \ \ \
1 91 0 1 920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Global Warming Science 101, Droughts, Eli Tziperman

Mauritania
- Mali » 45\
"“Senegal * i Eritrea:
7 Burkina | Sudan = / h

A
~

Faso / Nigeria /

3 A&’ ng \ /s/

N

Not clear that the Sahel has
been getting drier over
recent decades

(Thomas and Nigam, 2018)
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Eritrea:
I‘ " ™

Not clear that the Sahel has
been getting drier over
recent decades

(Thomas and Nigam, 2018)

Sahel summer rainfall. Wet 7 (blue), 23
other models (grey), historical forcing &
RCP8.5. Shading: model min/max.

(Schewe & Levermann 2017)

And some (7/30) climate models predict a wetter future Sahel...



South-West US Droughts
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California droughts and La Nina
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Figure 12.2: Analysis of California droughts in a climate model run at preindustrial CO2 concentration.

Climatological January averages (left) and the composites over dry California Januaries (right), for (upper)
precipitation, (middle) sea level pressure, (lower) SST. While the general idea of remote sea surface
temperature patterns driving teleconnections that can force drought conditions is robust, the details shown
here may deviate from those in observations of California droughts due to various model biases.
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Reconstructing past droughts from tree ring data

First year growth
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various widths mark
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Dry season
trees. Peter Brown, y
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Ring Research. fire

https://climate.nasa.gov/news/
2540/tree-rings-provide-
snapshots-of-earths-past-climate/

Spring/early
summer growth

Late summer/fall
growth
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Workshop #3: Getting to know tree-ring data

http://mathistoc.bio.uci.edu/plants/Pinaceae/Pseudotsuga%20macrocarpa.htm

* Plot data from the many-tree Bigcone
Douglas Fir records as function of year,
as grey thin lines or dots

* Superimpose the bin-average as a
thicker color line

* discuss the scatter around the average

wikipedia #


http://nathistoc.bio.uci.edu/plants/Pinaceae/Pseudotsuga%20macrocarpa.htm
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Workshop #3: Getting to know tree-ring data
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Vegetation feedbacks

As climate changes, plants respond, and can affect local climate

epidermal cedl

27
guarg cals

stoma open stoma closed

Stomate, Microscopic openings or pores in the epidermis of leaves
and young stems. Stomata are generally more numerous on the
underside of leaves. They allow the exchange of gases (CO2, Oy)
between the outside air and the the leaf during photosynthesis.
Length: 10-80 pm (micrometers); Width (open): 3—12 pm

Width of a human hair: 50-100 pm.
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Vegetation feedbacks

As climate changes,

plants respond, and can affect local climate

First, climate-induced changes in vegetation, say from a forest to grassland, affect:

® [he albedo of the land surface.

® [he evapotranspiration rate, as different plants are characterized by different
efficiencies of drawing groundwater and evaporating it into the atmosphere.
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First, climate-induced changes in vegetation, say from a forest to grassland, affect:
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» Changes to local temperature and atmospheric moisture levels meffects on regional
climate. » Either the exacerbation of drought conditions or to partially alleviating them.
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First, climate-induced changes in vegetation, say from a forest to grassland, affect:
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® [he evapotranspiration rate, as different plants are characterized by different
efficiencies of drawing groundwater and evaporating it into the atmosphere.

» Changes to local temperature and atmospheric moisture levels meffects on regional
climate. » Either the exacerbation of drought conditions or to partially alleviating them.

Second, plant-physiological feedbacks to a higher CO2 can significantly reduce
drought danger with warming:
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Vegetation feedbacks

As climate changes, plants respond, and can affect local climate

First, climate-induced changes in vegetation, say from a forest to grassland, affect:
® [he albedo of the land surface.

® [he evapotranspiration rate, as different plants are characterized by different
efficiencies of drawing groundwater and evaporating it into the atmosphere.

» Changes to local temperature and atmospheric moisture levels meffects on regional
climate. » Either the exacerbation of drought conditions or to partially alleviating them.

Second, plant-physiological feedbacks to a higher CO2 can significantly reduce
drought danger with warming:

® Higher CO. » plants limit stomatal opening while absorbing CO2 for photosynthesis
= reduces water losses from leaves = reduces evapotranspiration, increases soll
moisture, & reduces drought danger = This can be a significant effect!

® [he greening effect: growth in leaf area in response to the fertilization effect of a
higher CO2 concentration.
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Vegetation feedbacks

As climate changes, plants respond, and can affect local climate

First, climate-induced changes in vegetation, say from a forest to grassland, affect:
® [he albedo of the land surface.

® [he evapotranspiration rate, as different plants are characterized by different
efficiencies of drawing groundwater and evaporating it into the atmosphere.

» Changes to local temperature and atmospheric moisture levels meffects on regional
climate. » Either the exacerbation of drought conditions or to partially alleviating them.

Second, plant-physiological feedbacks to a higher CO2 can significantly reduce
drought danger with warming:

® Higher CO. » plants limit stomatal opening while absorbing CO2 for photosynthesis
= reduces water losses from leaves = reduces evapotranspiration, increases soll
moisture, & reduces drought danger = This can be a significant effect!

® [he greening effect: growth in leaf area in response to the fertilization effect of a
higher COZ2 concentration.

Customary drought measures such as potential evapotranspiration (PET) and the
Palmer Drought Severity Index (PDSI) can miss these effects as they are calculated
without allowing for changes to the efficiency of evapotranspiration with climate.
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Vegetation feedbacks to increased CO2 reduce drought danger

“Higher atmospheric CO2 = plants [imit stomatal opening while absorbing CO2. » reduces water
losses from land surface, increases soil moisture, reduces plant water stress, & reduces drought.

Plant-centric variables: precipitation minus evapotranspiration (P-E), runoff, and soil moisture.
Atmosphere-centric: no change to surface conductance with CO2: potential evapotranspiration
(PET) and Palmer Drought Severity Index (PDSI).

Models: 84% of P-E change @mid&lower latitudes is due to physiological response to higher CO,

AT — PET

FULL

[ : L —
-4 -32 -24 -16 -08 0 08 16 24 32 4

Water Flux (mm/day)

Maps of the multi-model mean difference over a

i s el ke S quadrupling of CO> for PDSI (left) and P-E (right)
1 POHRRAAPAS =IO SR normalized by the SD of the multi-model mean at each
e e point. Green indicates more water on land; brown less.
CO2 (ppmv)

Plant responses to increasing CO2 reduce estimates of climate impacts on drought severity
Abigail L. S. Swann, Forrest M. Hoffman, Charles D. Koven, and James T. Randerson, 2016, PNAS
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Soil moisture is critical for agriculture

IRELAND'S LARGEST FARMING NEWS PORTAL

HOME » ENVIRONMENT » LITTLE CHANGE EXPECTED IN SOIL MOISTURE DEFICITS THIS WEEK <>

Little change
expected in soil
moisture deficits

thi k
& Conor Finnerty = Jul 23, 2018, 8:37am n u E
< ) AN A : "' : 3 ’ f e b - ﬁ"

https://indianexpress.com/article/india/india-others/drought-likely-in-parts-of-west-india-agriculture-minister/
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There is very little change expected in soil moisture deficits this week, apart from

some slight relief in the north-west of the country, Met Eireann confirmed.

Some rain is forecast this week due to more of an Atlantic influence on our
weather.
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Some rain is forecast this week due to more of an Atlantic influence on our
weather.
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There is very little change expected in soil moisture deficits this week, apart from
some slight relief in the north-west of the country, Met Eireann confirmed.

Some rain is forecast this week due to more of an Atlantic influence on our
weather.

USDA/FAS/Curt Reynold:

https://climate.nasa.gov/news/2888/when-drought-threatens-crops-nasas-role-in-famine-warnings/
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Question: Suppose ground water level is maintained at
some level by a balance of Evaporation and Precipitation.
What do you expect will happen to the ground water level if

precipitation is reduced by 20% due to global warming. By
how much will it change”
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Question: Suppose ground water level is maintained at
some level by a balance of Evaporation and Precipitation.
What do you expect will happen to the ground water level if

precipitation is reduced by 20% due to global warming. By
how much will it change”

notes section 12.7;
Bucket model for soll moisture
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Soil moisture: the soil water content in the upper 1 m of soil, W,
which is the height of a water column (in meters), had it been
extracted from the saill.

Ey = puirCi| V| (q*(T) — 61)/ Pwater  potential evaporation, m/s

‘ >
E = Eo W= Wi evaporation, m/s, depending

E- XX ifW < W on soil moisture
0, k

soll moisture budget:
dW 0 ifW>Wgcand P—E >0 runoff

dt P —E otherwise

The constant Wk: the soil moisture level below which the evaporation rate begins
to be suppressed by soil resistance as represented by the factor W/W,.
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WOrkshop #6
Bucket model for soil moisture

(a) Soil water content (m) (b) P-E (m/year)

— P=1.8 m/year
— P=2.2 m/year

— dW/dt, P=1.8 m/year
— dW/dt, P=2.2 m/year

~0.4 -

dW/dt (m/year)

| | | |
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
Time (years) Time (years)
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications
of the recent Syrian drought

2 Colin P. Kelley®", Shahrzad Mohtadi®, Mark A. Cane, Richard Seager®, and Yochanan Kushnir*
Precipitation history and long term trends

Fig. 1. (A) Six-month winter 0 greter el ;:iim N —
(November—April mean) Syria area mean Sl VT TV W W AN -
precipitation, using CRU3.1 gridded data. : | ‘.
(B) CRU annual near-surface temperature e A : : x : : =
(red shading indicates recent persistence 1o IR iﬂﬂﬁi'éfe'ii‘;if;"’e‘;i'at”'e, F Al -
above the long-term normal). (C) Annual S 15 AR A A, L ANNULA S
self-calibrating Palmer Drought Severity R T VAR N S I A |
Index. (D) Syrian total midyear population. N ; ; x ; 1
Based on the area mean of the FC as 3 [EeShanncalgreajer Fartile Creacent mesr |
defined by the domain 30.5°N-41.5°N, VRIS ATYEY (Wi N |
32.5°E-50.5°E (as shown in Fig. 2). Linear o voruEEEe oV YRR
least-squares fits from 1931 to 2008 are 3 C | | | | 1 B
shown in red, time means are shown as [ syrian totl popuation | | | _
dashed lines, gray shading denotes low sl _
station density, and brown shading indicates z 10/ .
multiyear (=3) droughts. D

L | | | | |
1900 1920 1940 1960 1980 2000
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications
of the recent Syrian drought

2 Colin P. Kelley®", Shahrzad Mohtadi®, Mark A. Cane, Richard Seager®, and Yochanan Kushnir*
Precipitation history and long term trends

i . . CRU3.1 win]ter rainiall | ‘ f{

Fig. 1. (A) Six-month winter < &0 I cont fuean. /| |
(November—April mean) Syria area mean Sl VW TV WO Y
precipitation, using CRU3.1 gridded data. 3

20 A
(B) CRU annual near-surface temperature 17 ] l

' . ' ' CRU3.1 annual suriace temperature
(red shading indicates recent persistence 16/ greater Fertile Crescent mean
above the long-term normal). (C) Annual © 15 . |\ L AL NULA A
self-calibrating Palmer Drought Severity " aable
Index. (D) Syrian total midyear population. = ] T 1
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. . 25r T
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The 2000s were especially dry, warm and low PDSI!
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications
of the recent Syrian drought

2 Colin P. Kelley®", Shahrzad Mohtadi®, Mark A. Cane, Richard Seager®, and Yochanan Kushnir*

Fig. 2. (A) Observed winter

(November— Aprll) precipi ta tiOIl A Rainfall c&mﬁéfl(c)'\glg‘,/-k 9;; to 2008 B Rainfall Ccv?r::g? (frrqoon\:-l ?)::;)1 to 2008
climatology, 1931-2008, UEA CRU 120 30
version 3.1 data. (B) The spatial pattern of 10 -
the CRU change in 6-month winter £% 'y
precipitation from 1931 to 2008 based on a %2 .-102
linear fit (shading); those GHCN stations 20l 208
that indicate a significant (P < 0.1) trend 0 : 30
over their respective records are shown as C gggcﬁikﬁiégg(z%eosf __ D el

p T

circles and crosses (indicating drying/
wetting). (C) The difference in liquid water 1°°|
equivalent (LWE) between 2008 (annual)

and the mean of the previous 6 years using
the NASA GRACE Tellus project data. (D) OOH
The difference in the Normalized =
Difference Vegetation Index (NDVI) BE HE 4E
between 2008 (annual) and the mean of the

previous 7 years.
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications
of the recent Syrian drought

2 Colin P. Kelley®", Shahrzad Mohtadi®, Mark A. Cane, Richard Seager®, and Yochanan Kushnir*

Fig. 2. (A) Observed winter
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Syria was affected by a strong drying trend during the 2000s
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications
of the recent Syrian drought
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Syria’s civil war and drought

Climate change in the Fertile Crescent and implications

of the recent Syrian drought
S

Fig. 3. (A) Timeseries of observed (CRU) 3-year
running mean 6-month winter Fertile Crescent (FC)
(area mean) precipitation: total (red), CO2 fit from
regression (black), and the residual or difference
between these (dashed blue). Frequency
distributions based on gamma fits of 3-year
running mean 6-month winter FC (area mean)
precipitation, for the (B) observed data
(corresponding with above) and (C) CMIP5 model
simulations, comparing historical and histNat runs.
Quantile thresholds based on the total (in B) and
historical (in C) are shown at 2%, 5%, and 10%
(dotted lines). The tables indicate the percentage
of actual (B) observed (sample size 76) and (C)
model simulated (sample size 46 x 72 for histNat
and 69 x 72 for historical) occurrences exceeding
the respective thresholds.

Colin P. Kelley®", Shahrzad Mohtadi®, Mark A. Cane, Richard Seager®, and Yochanan Kushnir*

Three—year running means of Fertile Crescent precipitation
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Statistical analysis suggests that greenhouse forcing affected drought
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More on observed & projected
droughts in the IPCC report
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IPCC 2022 on observed/projected drought trends

(@) Consecutive dry days (CDD) (b) Standardized Precipitation (c) Standardized Precipitation-
Index (SPI-12) Evapotranspiration Index (SPEI-12)

0 Significant trends
-8 -4 -2 —1 O 2 4 8 [XXXxX Non-significant trends -6 —4 -9 0 9 4 6

(days /10 year) No data Severity (o / 10 years)

Figure 11.17 | Observed linear trend for (a) consecutive dry days (CDD) 1960-2018, (b) standardized precipitation
index (SPI) and (c) standardized precipitation-evapotranspiration index (SPEIl) 1951-2016. Drought threshold: SPI/
SPElI=-1. Gray: no data. No overlay: trends are significant at p = 0.1 level. Crosses: not significant.
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IPCC 2022 on observed/projected drought trends

(c) Standardized Precipitation-
Evapotranspiration Index (SPEI-12)
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Severity (0 / 10 years)

Figure 11.17 | Observed linear trend for (a) consecutive dry days (CDD) 1960-2018, (b) standardized precipitation
index (SPI) and (c) standardized precipitation-evapotranspiration index (SPEIl) 1951-2016. Drought threshold: SPI/
SPElI=-1. Gray: no data. No overlay: trends are significant at p = 0.1 level. Crosses: not significant.

Figure 11.18 | CMIP6 projections for (a)
intensity & (b) frequency of drought relative

to 1850-1900. (c) Computed for ARG 25 -

regions w/at least medium confidence
droughts at 2°C warming. A drought: 10-
years w/ annual mean soil moisture below
its 10th % from 1850-1900. Horizontal
lines & boxes: median & central 66%
uncertainty range; 'whiskers’: 90%.
Intensity changes in (a) are in standard
deviations of the interannual variability in
1850-1900.
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Droughts in the 2013 IPCC réport™

TFE.9, Table 1| Extreme weather and climate events: Global-scale assessment of recent observed changes, human contribution to the changes and projected further changes for the early (2016—2035) and late (2081-2100) 21st
century. Bold indicates where the AR5 (black) provides a revised* global-scale assessment from the Special Report on Managing the Risk of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX, blue) or AR4
(red). Projections for early 21st century were not provided in previous assessment reports. Projections in the AR5 are relative to the reference period of 1986—2005, and use the new RCP scenarios unless otherwise specified. See the
Glossary for definitions of extreme weather and climate events.

Tziperman

Phenomenon and Assessment that changes occurred (typically | Assessment of a human Likelihood of further changes
direction of trend since 1950 unless otherwise indicated) contribution to observed changes Early 21st century Late 21st century
Warmer and/or fewer Very likely {2.6} | Very likely {10.6} | Likely {11.3} | Virtually certain {12.4}
cold days and nights Very likely Likely Virtually certain
over most land areas Very likely Likely Virtually certain
Warmer and/or more Very likely {2.6} | Very likely {10.6} | Likely {11.3} | Virtually certain {12.4}
fr_equent hot days and Very likely Likely Virtually certain
nights over most land areas Very likely Likely (nights only) Virtually certain
Warm spells/heat waves. Medium confidence on a global scale Likely Not formally assessed® Very likely {12.4}
Frequency and/or duration Likely in large parts of Europe, Asia and Australia  {2.6} {10.6} {11.3}
increases over most Medium confidence in many (but not all) regions Not formally assessed Very likely
land areas Likely More likely than not Very likely
Heavy precipitation events. Likely more land areas with increases than decreases Medium confidence Likely over many land areas Very likely over most of the mid-latitude land
Increase in the frequency {2.6} {7.6, 10.6} {11.3} | masses and over wet tropical regions {12.4}
intensity, a“d{ Ll ar?ount Likely more land areas with increases than decreases Medium confidence Likely over many areas
of heavy precipitation Likely over most land areas More likely than not Very likely over most land areas

Low confidence on a global scale Low confidence {10.6} Low confidence? {11.3} | Likely (medium confidence) on a regional to
Increases in intensity Likely changes in some regions¢ {2.6} global scale" {12.4}
and/or duration of drought Medium confidence in some regions Medium confidencef Medium confidence in some regions

Likely in many regions, since 1970¢ More likely than not Likely®

Low confidence in long term (centennial) changes Low confidence {10.6} | Low confidence More likely than not in the Western North Pacific
Increases in intense Virtually certain in North Atlantic since 1970 {2.6} {11.3} | and North Atlantici {14.6}
tropical cyclone activity Low confidence Low confidence More likely than not in some basins

Likely in some regions, since 1970 More likely than not Likely
Increased incidence and/or Likely (since 1970) {3.7} Likely* {3.7} Likely' {13.7} | Very likely' {13.7}
n3agn|tude of extreme Likely (late 20th century) Likely* Very likely™
high sea level Likely More likely than not* Likely

* The direct comparison of assessment findings between reports is difficult. For some climate variables, different aspects have been assessed, and the revised guidance note on uncertainties has been used for the SREX and AR5. The availability of new information, improved scientific understanding,
continued analyses of data and models, and specific differences in methodologies applied in the assessed studies, all contribute to revised assessment findings.

Notes:

Attribution is based on available case studies. It is /ikely that human influence has more than doubled the probability of occurrence of some observed heat waves in some locations.
b Models project near-term increases in the duration, intensity and spatial extent of heat waves and warm spells.
¢ In most continents, confidence in trends is not higher than medium except in North America and Europe where there have been likely increases in either the frequency or intensity of heavy precipitation with some seasonal and/or regional variation. It is very likely that there have been increases

in central North America.

4" The frequency and intensity of drought has likely increased in the Mediterranean and West Africa and likely decreased in central North America and north-west Australia.

¢ AR4 assessed the area affected by drought.

f SREX assessed medium confidence that anthropogenic influence had contributed to some changes in the drought patterns observed in the second half of the 20th century, based on its attributed impact on precipitation and temperature changes. SREX assessed low confidence in the attribution
of changes in droughts at the level of single regions.

9 There is low confidence in projected changes in soil moisture.

h Regional to global-scale projected decreases in soil moisture and increased agricultural drought are likely (medium confidence) in presently dry regions by the end of this century under the RCP8.5 scenario. Soil moisture drying in the Mediterranean, Southwest USA and southern African regions
is consistent with projected changes in Hadley circulation and increased surface temperatures, so there is high confidence in likely surface drying in these regions by the end of this century under the RCP8.5 scenario.

i Tharo ic moaditimm ranfiddonco that o rodiictian in aaracnl farcina ovar thoe Mardh A+lantic hac cantribiifad At laact in nart +a tha nhcanad inFraaco in franical Avrlanse activitv cineco the 1070c in thic raninn



Droughts in 2013 IPCC report —

Floods and Droughts: Compelling arguments both for and against significant
increases in the land area affected by drought and/or dryness since the mid-20th
century have resulted in a low confidence assessment of observed and attributable
large-scale trends. This is due primarily to a lack and quality of direct observations,
dependencies of inferred trends on the index choice, geographical inconsistencies in
the trends and difficulties in distinguishing decadal scale variability from long term
trends. On millennial time scales, there is high confidence that proxy information
provides evidence of droughts of greater magnitude and longer duration than
observed during the 20th century in many regions. There is medium confidence that
more megadroughts occurred in monsoon Asia and wetter conditions prevailed in arid
Central Asia and the South American monsoon region during the Little Ice Age (1450 to
1850) compared to the Medieval Climate Anomaly (950 to 1250). {2.6.2, 5.5.4, 5.5.5,
10.6.1}

Under the Representative Concentration Pathway RCP8.5: projections by the end
of the century indicate an increased risk of drought is likely (medium confidence) in
presently dry regions linked to regional to global-scale projected decreases in soll
moisture. Soil moisture drying is most prominent in the Mediterranean, Southwest
USA, and southern Africa, consistent with projected changes in the Hadley Circulation
and increased surface temperatures, and surface drying in these regions is likely
(high confidence) by the end of the century under RCP8.5. {12.4.5}
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IPCC 2013: changes in droughts since the middle of the 20th céritu

Table 2.13 Regional observed changes in a range of climate indices since the middle of the 20th
century. Assessments are based on a range of ‘global’ studies and assessments (Groisman et al., 2005;

Alexander et al., 2006; Caesar et al., 2006; Sheffield and Wood, 2008; Dai, 2011a, 2011b, 2013; Seneviratne et

al., 2012; Sheffield et al., 2012; Donat et al., 2013a, 2013c; van der Schrier et al., 2013) and selected regional
studies as indicated. Bold text indicates where the assessment is somewhat different to SREX Table 3-2. In
each such case a footnote explains why the assessment is different. See also Figures 2.32 and 2.33.

Region

Warm Days

Cold Days

Warm Nights

Cold Nights/Frosts

Heat Waves /

Extreme
Precipitation

Dryness (e.g,.

(e.g., TX90p?) (e.g., TX10p?) (e.g., TN90p?, TR?) | (e.g., TN10p? FD?) Warm Spells? (e.g., RX1day?, CDD?) / Drought"
R95p?, R99p?)
High confidence: High confidence: High confidence: High confidence: Medium confidence: High confidence: Medium confidence:
Likely overall Likely overall Likely overall Likely overall increases in more Likely overall decrease' but
increase but spatially | decrease but increase'? decrease’? regions than increase'2® but some W spatially varying
North America | varying trends'? with spatially decreases'3 but 1930s | spatial variation trends
and Central varying trends'? dominates longer term
America trends in the USA* High confidence: High confidence®:
Very likely increase Likely decrease
central North central North
America®’ America*
Low to medium Low to medium Medium Medium Low confidence®: Low confidence®: Medium confidence*:
confidence®<: confidence®: confidence®4: confidence®4: insufficient evidence insufficient evidence increase!?2224
limited data in limited data in limited data in limited data in (lack of literature) and spatially
many regions but | many regions but many regions but | many regions but varying trends High confidence":
increases in most decreases in most increases in most | decreases in most | Medium confidence: Likely increase in
regions assessed regions assessed regions assessed regions assessed increase in North Medium West Africa?>2¢
Africa and confidence®: although 1970s
. Medium Medium Medium Medium Middle East and increases in more Sahel drought
Africa and , b , b . b . b : .
Middle East .confldence : confidence®: _confldence : confidence®: soqthern regions tha_m dominates
increase North decrease North increase North decrease North Africa3192122 decreases in the trend
Africa and Africa and Africa and Africa and southern Africa but

Middle East'%20

High confidence®:
Likely increase
southern
Africa2'.2223

Middle East'%.20

High confidence®:
Likely decrease

southern Africa?".2223

Middle East'%20

High confidence®:
Likely increase
southern
Africa?"2223

Middle East'%20

High confidence®:
Likely decrease
southern
Africa?"2223

spatially varying
trends depending
on index>2.22
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Conclusions: droughts

® Definition: abnormally dry weather, relative to mean conditions,
long enough to cause a serious hyadrological imbalance. these are
NOT weather events, need to last a few months.

® [ypes: meteorological, hydrological, agricultural, socioeconomic

® (Causes: often remotely forced by a persistent sea surface
temperature anomaly via atmospheric Rossby Waves that lead to a
persistent high pressure over the drought region. Examples of such
SST anomalies due to climate variability modes: El Nino/La Nina,
Indian Ocean Dipole, etc.

® Projections: changes are guaranteed, but regional details are not
clear. In this case, change is not good, given human/agriculture
adaptation to current climate patterns.

® Uncertainty: we don’t know well enough what El Nino/Indian Ocean
Dipole, etc, will do in a warm future climate.
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