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Abstract

Background and Objective

Drought assessment is crucial for the effective management of water resources and agricultural
products, aiming to develop strategies to reduce the loss of these vital resources. Drought
assessment indicators are essential tools for evaluating this process, and selecting the appropriate
indicator is indispensable for accurate drought assessment. Indicators are quantitative measures
that can be used to determine the severity and extent of droughts numerically. According to
existing literature, the Standardized Precipitation Index (SPI) and the Standardized Precipitation-
Evapotranspiration Index (SPEI) are the most common and widely used drought assessment
indicators. Therefore, comparing these two indices is very important to understand their
differences and distinctions. On the other hand, one of the limitations of station-based indices is
their inadequate spatial coverage. In contrast, satellite-based indices eliminate the limitations of
point-based methods. For this purpose, satellite-based drought indices such as NDVI and VHI
were developed. The objective of this research is to compare the effectiveness of SPI and SPEI
indices in drought assessment based on remote sensing data in areas with natural vegetation and
rainfed agriculture. Eliminating the impact of stations located in irrigated agriculture areas in
southern Tehran province and its impact on the results of drought indicators is one of the
innovations of this research.

Methodology

Tehran province is characterized by diverse topography, varying climatic conditions, and
different land uses. The northern and eastern parts of the province feature natural grasslands,
while the southern region is used mainly for irrigated agriculture. In this study, meteorological
drought indices, SPI and SPEI, were calculated based on precipitation and evapotranspiration data
from 31 meteorological stations over a twenty-year period from 2000 to 2019. The choice of this
timeframe was due to data availability constraints for precipitation, evapotranspiration, and the
MODIS sensor data, which have been accessible since 2000. The relationship between these two
indices was generally examined, with a focus on the Southern stations (due to errors caused by
irrigation practices affecting vegetation coverage during drought periods). A three-month period
ending in June was considered for both indices. To evaluate the accuracy and performance of the
SPI and SPEI indices, the Vegetation Health Index (VHI), a satellite-based drought index, was
extracted using MODIS products at the station locations and calculated from NDVI and LST

values.
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Results

The results indicated a stronger statistical correlation between SPI and SPEI after excluding the
stations in southern Tehran (where irrigated agriculture is dominant), with the coefficient of
determination increasing from 0.65 to 0.86. This suggests that land use significantly influences
evapotranspiration values in southern stations, thereby affecting the accuracy of the SPEI index.
Overall, SPI showed a higher correlation with remote sensing drought indicators such as NDVI,
VCI, TCI, and VHI. After removing stations in Parndak, Bagerabad, Javadabad, Golkhandan,
Ghanjabad, and Hamamk, the relationships between SPI and SPEI and the remote sensing drought
indicators were re-evaluated, revealing an increase in model accuracy (coefficients of
determination from 0.40 to 0.55 for SPI and from 0.33 to 0.54 for SPEI). The comparison of SPI
and SPEI further demonstrated the superior performance of SPEI in areas with dry farming
practices.

Conclusion

Results of this study indicated that considering land use types and cultivation methods is essential
for improving the effectiveness of SPI and SPEI. Results suggest that SPEI is more effective
where higher evapotranspiration occurs, whereas land use diversity reduces the accuracy of
relationships between meteorological and satellite-based drought indicators. Developing tailored
indices for each land use type could be a promising approach for future research.
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Table 1-Charechterestics of study area stations
Hight(m) Station Type Latitude Longitude Station Name Number
1720 rain gauge station 35'84 51° 56 Rodak 1
1563 Evaporation station 3576 51° 68 Latian 2
1950 rain gauge station 35° 86 51° 64 Kand Sofla 3
1050 Evaporation station 3551 51° 04 Parandak 4
2500 rain gauge station 36° 00 51° 48 Shemshak 5
2500 rain gauge station 3598 51° 63 Garmabdar 6
2100 rain gauge station 35°93 51° 46’ Ahar 7
2200 rain gauge station 35°82 51°'78 Lavasan Bozorg 8
1980 rain gauge station 35°93 51°52 Fasham 9
950 rain gauge station 35° 40 51° 59 Bagher Abad 10
861 Evaporation station 35°21 51" 66 Javad Abad 11
2100 rain gauge station 35°85 51" 69 Afjeh 12
1600 rain gauge station 35"69 51°87 Gol Khandan 13
1380 rain gauge station 35'68' 51" 70 Sanjarian 14
2050 rain gauge station 3B 77 51°82 Vasefjan 15
2020 rain gauge station 3579 51°88 Ardineh 16
2170 rain gauge station 3574 52°05 Cheshmeh Ala 17
1740 rain gauge station 35'65 52°01 Mara 18
1050 rain gauge station 35'58 51°46 Ghani Abad 19
1150 rain gauge station 35°50 51" 78 Hamamak 20
1965 rain gauge station 35'75 52' 77 Firozkoh 21
1665 rain gauge station 35'59 52°63 Enzeha 22
2132 rain gauge station 35°83 52'73 Jalizjand 23
2424 Evaporation station 35°86 52°56 Lazor 24
1495 Evaporation station 35'52 52°49 Simin Dasht 25
2388 rain gauge station 35'78 52" 37 Najafdar 26
2133 rain gauge station 35'76 52°50 Voshtan 27
2250 rain gauge station 35" 66 52'79 Pir Deh 28
2300 rain gauge station 35"69 52°49 Kahnak 29
1970 rain gauge station 3577 52" 80 Amirieh 30
2100 rain gauge station 35" 64 52" 37 Seyd Abad 31
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Table 2-Classification of drought condition based on
SPI and SPEI

SPI/SPEI values Moisture Category

>2.00 Extreme Wet
15t01.99 Severe Wet
1t01.49 Moderate Wet
15t00.5 weak Wet
0.49 to -0.49 Normal
-0.99 to -0.5 weak Drought

-1.99to -1 Moderate Drought
-1.99t0 -1.5 Severe Drought
<-2.00 Extreme Drought
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VHI = (0.5 x VCI) + (0.5 x TCI) (#)
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Table 2-Classification of drought based on VCI, TCI
and VHI
Drought Type Index values
No Drought >40
Weak Drought 39.9t0 30
Moderate Drought 29.9t0 20
Severe Drought 19.9to 10
Extreme Drought <10

F ot ¥Y e ol bl s o Sl ale a

L;))a)’\uiqm Lg\.a:p\..:

(NDVI) al8 i g onis b SMusl Lasls

5 2Ll oo el G as e gl el u’;\-*
or! (Ba Aghideh et al., 2011) sel Sl SKes 2l
5 (NIR) K55 50 30 90ke cad Ol s 3 as s
Cows 4 (1) alaly Gb Wl goeme 4 (Red) 55 b

Al g

NIR—-Red
NDVI = NIR+Red \®)

[Vt ] osgame s asla ol lde So0m )
S\ e 5 ) 3 S Jas 5 ol sasame Jy ol ke
348 (G gty o) o AU Gty sl pasla el e
ool e sl Ol 5 G sl S s A8 e e )
b sl 28y &S L S Kaw i o W5 1) el
bt S8 olie ciyls solimals ) 50 w53 S5 gl

Al analy Al g e jho 4 S5 ke

(VCD) 2\ ity Ll s asls

SNDVI #ily Slads ol Lol ol s le )
s s (NDVImMax) .y e > NDVI 5l
Cowd 4 WS s, Jas wob, Ll e (NDVIMin)
CSL P OO 0 | P A WS SR BV N
o 4 VCI asls 5l o8 » e e plas |y @\3
Shoasle ol ael e was JlSis o Ko
Bah e Al ¥l G b

Vel = _NDVI=NDVInin
NDVImax—NDVImin

x 100(¥)

VCI) )l bl e jesls
525 slgas V440 Jle ,s Kogan |, TCI esle



J\M&.:.s sbesle JLYS w) fAA
s g stations rainfall
BACHIS / THHRIRA dﬂtﬂ
LT NI
(BADIITAZ) (BACI ] 30y
remote sensing drought indices 3F| & SPE| calculations in 3-
calculations months
[ correlations analysis between meteorological and remote sensing drought indices ]
[ accuracy assessment and selaction of best indax ]
Drought Monitaring and
Assessment
GRS B oslsp b - US
Figure 5- Research methodology flowchart
w\)\;),,;j@’;\.as Jag,\j:‘;)‘\ ol ol o G‘\Mgﬁ.«.—» (‘.UL""

e e 5 o) i Sl JleSas ool o0
2o S el Gl Sa ol e sl B S0 s 5 bl Ll s
SooslaS p5 L;v\b\e L slacas 5l gl g 5 Jbs
\%ué’_\iﬁf\fjmﬁﬁcﬁfdbu)Jﬁ&Tﬁﬁsj\M
Noosi bl Gy 4 Cod e 5 WS, AL
cis b, JluKas camdy ol ST 6l amas
oS oww JuSis gbesle g b 5l e
$300\S LSl s easdly el b el (6555
i el g 51 1 el g s ol cas'y
lelans) Bl &) 50 3 e8] 55 b illae 5 S
5 @l) sl S Bl ol gd 55 @ls) Swiy
domebis olae g3 3 #ly) Lhalr ds plin ga Jlos
53 @) Sulas 5 (Sa 8 ol g o @) ST 3L
sl 6osS o L bl 5o &S (casly ol s

sl b esle b wlile, JlSes o),
ol Sl st ot bl bela) 5 e
b Arva ol esb )y SPE 5 SPEI sl )k
Sl s amle slesls 2 4 e aale ¥ o530 6l YYAA
j"’\J aoams bl 5o o 8 e anlie asls g ol
250 5 A i ol LIl s b JlSes
NDVI s asls bw g Ol ow cpl o) Cla... Sl
4 bg e Sl s e e s ab s, LST
WWAA BoAaYve ol a3l s esle e )
Ui s b sl s sl (VHISTCIVCD
Ny
sl anlea ol 55 SPI Lasle siel sy ol

Slaslipn 0 JS2) ol snt Al bolSi] aen
Cund g S AR e QL..u uz:-\.u U"\ J\ AJATC;‘MJQ



4

Ode 5 ol Gy e bl sagle sle 3
;;Lm\.i:....g‘\ N S FPUR T B as cnl A “’-ﬂj

J;b)-b\.‘uﬁ U‘}’g_;" )‘}ge\ﬂ

Foolas ¥Y sl 01l 0ble 5 e Oliios ale 4

3&‘f&j}\éﬁ)&ﬁbhb@‘%@b)é¢w

Bt 2 B Ll oS ol b am b sl 5L
a\i}'....‘:‘\ YZ o,lh s QT 0 v.ra\gw..a\ S gl

o S
Er -
(L)
L
L
LR
AN

51

b
1500
o

25
)
LS00
[Eed

!il'l(gl

a5
[
b Sl
oy

SPI
I'I|II-II-I_IIIIIII =
P55y EIEiEEEsE3EEE8E

Rodak

|Il|-||1._| B I -

(Le
(]

EHEIEEEEREZERIEGE
Rodak

,.|.._|I...\

SRR R RERR R

Latian

EE2IEEEE

QL:SJ K] Jb}) b&u.;‘ ELISL] SPEI }SPI ua’:l..; J‘b_,.eﬁ -0 Jgii
Figure 5- SPI and SPEI index diagram at Rudak and Latian stations

SP1

# 5P
—— Linear 5P)

SPEI

- y=1.1795x- 0.4625
R*=0,8089

+ 5P

——Linear [spi7%)

SPEI

() s el oo il sbalbany) Gls 5 (G2) IS Sl s SPEIT 5 SPT el sy, ls sai =5 I3

Figure 6-Diagram of the relationship between SPI and SPEI in the general case (left) and excluding stations
located in rain fed agriculture(right)
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Figure 7- Drought severity zoning with satellite indicators in 2000
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Table 4- Values of satellite drought indices extracted at the station location (regarding 2001)

Station NDVI VCI TCI LST VHI
Rodak 0.3 45.67 13.11 312.80 18.37
Latian 0.18 16.20 0.00 318.03 4.27
Kand Sofla 0.12 0.00 0.00 313.91 6.53
Parandak 0.12 26.25 83.32 318.76 454
Shemshak 0.35 53.83 11.63 304.53 16.02
Garmabdar 0.32 32.96 15.70 303.75 22.93
Ahar 0.26 23.71 0.00 308.77 0.61
Lavasan Bozorg 0.53 67.76 5.07 312.16 43.29
Fasham 0.19 28.90 13.81 309.21 40.22
Bagher Abad 0.15 33.81 20.33 317.73 27.74
Javad Abad 0.19 0.00 18.60 317.36 9.30
Afjeh 0.49 41.37 16.64 309.39 25.04
Gol Khandan 0.14 14.80 28.87 316.63 14.53
Sanjarian 0.20 22.33 5.02 319.69 11.85
Vasefjan 0.24 53.13 8.01 316.21 19.71
Ardineh 0.27 27.10 5.68 313.16 23.09
Cheshmeh Ala 0.20 22.17 22.29 311.88 23.42
Mara 0.20 33.89 31.21 314.19 36.47
Ghani Abad 0.13 11.10 6.38 314.24 46.59
Hamamak 0.12 8.98 27.79 318.35 15.15
Firozkoh 0.19 33.04 0.00 308.00 0.00
Enzeha 0.28 48.12 25.61 312.17 17.18
Jalizjand 0.12 0.00 20.14 310.41 18.27
Simin Dasht 0.30 13.10 5.34 317.51 16.67
Lazor 0.20 0.00 8.64 306.71 4.43
Najafdar 0.15 0.00 2.14 308.05 23.91
Voshtan 0.25 13.57 0.00 312.07 16.25
Pir Deh 0.15 0.00 5.74 311.35 24.77
Kahnak 0.26 2.54 8.12 312.15 40.6
Amirieh 0.40 73.76 0.00 308.00 0.00
Seyd Abad 0.20 0.00 16.57 315.67 16.76
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Figure 8- Curve of changes in SPI and SPEI indices with NDVI
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Table 5- Pearson correlation coefficient between plant indices and quarterly SPI and SPEI indices

Vegetation

Indices

VHI TCI LST VCI NDVI
Meteorology Index
0.55™ 0.55™ 0.4 0.39™ 0.35™ SPI-3
0.47%* 0.5%* 0.38%* 0.37** 0.32%* SPEI-3
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Table 6- Regression results between SPI index values and remotely sensed vegetation indices

adjusted R-squared Correlation Coefficient Regression Model

044‘ 063”

033fn 0.56%*

SPI1-3 =3.583+0.007 VHI+0.006 VVCI-0.014 LST+0.004 TCI

SPEI-3 = 6.634+1.581 NDVI1+0.007 VHI-0.023 LST
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Table 8 - Pearson correlation coefficient between vegetation indices and quarterly SPI index (removal of

stations)
Vegetation
VHI TCI LST VCI NDVI Indices
Meteorology Index
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Table 9- Regression results between SPI index values and vegetation remote sensing indices (removal of stations)

Adjusted R-squared Correlation Coefficient

Regression Model

SPI1-3 =- 0.834+0.007VHI+0.007VCI+0.005 TCI

SPEI-3 =-0.267+0.007 VHI+0.006 VCI-0.003 TCI
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Table 11- Results of accuracy evaluation of SP1 and SPEI regression models

(MBE) Mean Bias Error (MAE) Mean absolute error (RMSE) Root-mean-square deviation Index
-0.04 0.66 0.81 SPI-3
-0.08 0.34 0.45 SPEI-3
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