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P L2 MR T

DDI |
L ARyt e
* Drought Tools

T




p Drought in contrastto aridity, affectsalmostall
climatesin theworld wwmo, 2006.

D Thereis no universaldefinition of drought

p Droughtis a deficit in normaprecipitation

for aregionover a perioaf time.
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Drought effects

Droughts are expected to increase In
94 frequencyandseverity”hA economicsocial
-4 and environmental sectors of effected

populations of virtually all nations (pcc
2012.

FAO: $29 billion in lossesto developing
world agriculturebetweer?005and2015

23 Mha of Asian rice producing areas
experience frequent yield loss due to
drought

] In EuropeA U05.3 billion, In 2003 drought
~7 in EuropeA 8.7 billion (EuropeanCommunities,
/ 20079).
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MNatural climate variability

Precipition deficiency High temperatures, high winds, -

(amount, intensity, timing) low relative humidity, greater %

sunshine, less cloud cover _g

Reduced infiltration, runoff, -

deep percolation and Increased evaporation E
groundwater recharge and transpiration

E Soil water deficiency [
= | g
= =
= 3
» Plant water stress, reduced E
E biomass and yield =
Reduced streamflow, inflow to g
reservoirs, lakes, and ponds; g
reduced watlands, E
wildlife habitat E

| |

Economic impacts Social impacts Environmental impacts

(Source National DroughtMitigation Center,University of Nebraskalincoln, U.S.A.)
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P Monitoring meteorologicaddroughtis a vital andimportantpart

of droughtrisk mitigation (Li etal,, 2017 on a global scale(wwmo, 2013
Li etal., 2014.

p For drought monitoring, various drought indices have been

developedo describaheintensityof a drought
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Different Drought Indices
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fV Synoptic station |
\/' Climatology Station
\/ Hydrometric Station
\/ Agricultural Station
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m
V MODIS

V MERRA

V AVHRR

~ Sources of Data.
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\/ CRU
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\/ ERA
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Table 1 Characteristics of the three weather stations

Elevation Average Average Precipitation

Latitude  Longitude Climate
£ (m) Ly () Taa (°C) (mm)
36°16'N 39°3R'E 999 21.6 83 256 Semi-arid
37°04N 58°30'E 1287 19.4 6.1 308 Semi-arid
J6"29'N 59°17E 1176 204 6.7 208 Arid
Note: Ty, maximum temperature; T, minimum temperature,
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58°24'30"E  58°55'00"E 59°25'30"E  59°56'00"E
Fig. 1 Location of Kashafrood Basin (left map) in the Khorasan Province (lower-right map) of Iran (upper-right map)
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| P Rain-based Drought Indices \

g(x) =
CZIf 6‘?@7’?%87-(? %

PNI = '3/3 100
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_N.s'.r
N, int st
DDI =Y a,, N, > DDI;
¥ int int,y? T
F o DDI, =1 d
N

& a;.Is theintensity of drought,with 1 for moderatedgfought,Z for
severedrought,and3 for extremedrought

& N...Isthenumberof dry monthsfor hdroughtcategorvin each
ye'g}y X reme, Severe, or oaerz%e e‘g Y

& DDl is the averagevalue of degreeof drynessindex in eachyear
for all stationsandNis thenumberof stations

DDI=(1x3)+(0x2)+(2x1)=5
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o (b) Ghoochan .
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Table 2 Statistical indices between the AgMERRA precipitation data and the station-observed precipitation data
for Mashhad, Ghoochan, Golmakan stations and for the Kashafrood Basin

Region ABIAS (%) MAE (mm) ME (mm) r
Ghoochan 284 717 -0.67 0,92
Golmakan 375 6.45 0.39 0.85
Mashhad 252 4,50 =220 0.96

Kashafrood Basin 210 4,20 -0.83 0.95

Note: ABIAS, rlative absolute bias; MA4E, mean absolute error; ME, mean errors; r, Pearson’s correlation coefficient,

p The AQMERRA precipitation data are quite consistent

with the station-observed precipitation data

18
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Fig, 3 Comparison of eight drought indices derived from the AgMERRA precipitation data and from the
station-observed precipitation data at an annual time scale for Mashhad station, SPI, Standardized Precipitation
Index; PNI, Percent of Normal Index; DI, Deciles index; EDI, Effective Drought Index; CZI, China-Z Index;
MCZI, Modified CZI; RAI, Rainfall Anomaly Index; ZSI, Z-score Index.
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Fig. 4 Comparison of eight drought indices derived from the AGMERRA precipitation data and from the
station-observed precipitation data at an annual time scale for Ghoochan station
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Fig. 5 Comparison of eight drought indices derived from the AGMERRA precipitation data and from the
station-observed precipitation data at an annual time scale for Golmakan station
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Table 4 Pearson’s correlation coefficients between drought indices derived from ﬂlecipitatiun

data on an average annual basis

SPI PNI DI EDI CZI MCZI RAI Z51

SPI 100 0.99 0.99 0.84 0,94 0.95 0,94 0.95
PNI 0.99 1.0 (.99 0.85 0.94 0.95 0.94 0.95
DI 0.99 0.99 1,00 0.85 0.94 0.95 0.94 0.95
EDI 0.84 0.85 0.85 1,00 0.78 0.81 0.74 0.76
CZ1 0.94 0.94 0.94 0.78 1.00 0.99 0.98 0.98
MCZI 0.95 0.95 0.95 0,81 0.99 1,00 0.96 0.97%
RAI 0.94 0.94 0.94 0.74 0.98 0.96 1,00 0.99
781 0.95 0.95 0.95 0.76 0.98 0.97 0.99 1.00

Table 5 Pearson’s oorrelation coefficients between drought indices derived from ubscrvf:d

precipitation data on an average annual basis

SPI PNI DI EDI CZI MCZI RAI ZS1

SPI 1,00 0.99 0.99 0.84 0.94 0.96 0.87 0,92
PNI (.99 1.0 0,99 0.86 0.92 0.95 0.85 0.90
DI 0.99 0.99 1,00 0.86 0.92 0.95 0.85 0.90
EDI 0.84 0.86 0.86 1,00 0.73 0.76 0.60 0.68
CZI 0.94 0.92 0.92 0.73 1,00 0.99 0.96 0.98
MCZI 0.96 0.95 0.95 0.76 (.99 1,00 0.93 0.97
RAI 0.87 0.85 0.85 0.60 0.96 0.93 1,00 0.99
Z31 0.92 0.90 0.90 0.68 0.98 0.97 0.99 1,00

By: Nasrin Salehnia Agrimetsoft.com



{ AR, Select the last Indlces

A 5 — vy~ ~

@ The Pearsocs correlat|oncoefﬂmentsfor SPI,PNI and DI weremore
or lessidentical(0.91, 0.89, and0.89, respectively.

@ In Mashhadthetrendsof MCZI weresomewhatlifferentfrom those
of CZI.

@ In contrastto Mashhadand Ghoochanstations, the correlations
(>0.31) betweenthe AgMERRA-derived drought indices and the
stationrderiveddroughtindicesfor Golmakanstation(r<0.65; Table3;
Fig. 5) werenotrobustatall.

@ This discrepancy was likely caused by the 300m elevation
difference betweenthe Golmakan station and the nearestpixel of
AgMERRA.

*BrdEnhSlentia L peesono {  Agrimetsoft.com 23




Table 6 Averase }eaﬂy Degree ofnryneﬁ Index (DDI) for ﬁw. drought mdlcﬁ denved from the AEMER.RA
precipitation data and from the station-observed precipitation data across the Kashafrood Basin

= SPI czl ZsI EDI RAI
WS AgM WS AgM WS AgM WS AgM WS AgM
1987 2 5 2 4 1 3 29 29 11 13
1988 2 1 1 1 0 1 0 0 12 7
1989 3 6 2 5 1 3 23 2% 19 19
1990 2 4 3 2 1 2 29 3 17 15
1991 1 1 1 0 1 0 6 8 12 11
1992 2 2 1 2 1 1 8 0 15 12
1993 3 2 3 2 2 2 12 0 17 10
1994 0 0 1 0 0 0 26 21 17 14
1995 3 4 2 4 1 3 13 25 14 18
1996 1 3 1 2 1 2 20 33 12 13
1997 1 3 1 3 0 2 10 20 12 11
1998 2 3 1 2 1 2 0 0 11 14
1999 1 0 0 1 0 0 4 6 7 10
2000 4 6 3 5 2 4 24 29 15 14
2001 4 3 4 3 2 2 36 35 20 16
2002 1 1 1 0 1 0 10 8 14 12
2003 0 1 0 0 0 0 0 0 11 9
2004 1 1 1 0 0 0 0 0 11 7
2005 2 1 1 1 1 1 0 0 14 9
2006 2 2 2 2 1 1 24 10 14 11
2007 3 2 2 1 1 1 3 3 14 12
2008 5 3 5 4 3 3 30 29 18 18
2009 2 2 1 2 0 1 7 9 9 8
2010 4 3 2 3 1 2 8 17 14 13

|
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. A Conclusion

- ’ " ‘.' 0D o N e 0 o Ay T - . 'j
€ We compared eight drought indices to track the drought hlstory ‘

€ Our comparison shows that all indices agree that the most severe
droughts for the study period occurred in 2001 and 2008.

D>

A high cross-correlation coefficients (R2>0.90) were obtained among
ZSI1, CZI, and SPI, and among SPI, DI and PNI, and between CZI and MCZI
in both data sources.

D>

The DDI values from EDI and RAI seem to be more sensitive to
the observed droughts than the DDI values from other drought indices.

T |
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Feran s Conclusion

5

T e - P
The AgMERRA precipitation data can be used for filling the gaps

existefl in the station-observed precipﬁétion data.
. S

4 .
In additign, if tested by station-observed precipitation data,
: ! 5
the AgMERRA precipitation data may be use.\d",for the data-
' 7 N N |

lacking areas.
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Applicable andUseful Software Tools

e

U MDMI (Meteorolagical Drought/Monitor)

\J) DMAP (Drought anitoraaﬂd’F&rcédiamy
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~ DMAP (Drought Monitor and Prediction)

E DMAP - 0

The min scren of DMAP tool with he min tas.
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~ DMAP (Drought Monitor and Prediction)
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DMAP-(Drought Monitor and Prediction)
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DMAP (Drought Monitor and Prediction)
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DMAP (Drought Monitor and-Prediction)
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