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Investigating of Floods Monitoring Using
GRACE and TRMM Observations in the West
and South West of Iran
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Abstract

Floods have many negative economic, social, and
environmental impacts. The occurrence of this phenomenon in
the West and South West of Iran has caused many challenges
for the region and its communities. Investigating the flood
monitoring parameters plays a key role in reducing the
problems in the area. One of the most important hydrological
parameters affecting this phenomenon is the the Total Water
Storage (TWS). The purpose of this study is to use the GRACE
and GRACE FO TWS time series data, as well as TRMM (The
Tropical Rainfall Measuring Mission) rainfall time series, to
extract the flood potential index (FPI). FP1 is used to check the
occurrence of floods in the study area. The geographical area
investigated in this research was between 45°-49°N and 30°-
35°E, which includes most of the West and South West parts
of Iran. The studied time period was from 2002 to the end of
2019. The TWS anomaly extracted from the data of the
GRACE satellites was validated using the water balance
equation and TRMM satellite precipitation data, MODIS
evapotranspiration data, and GLDAS hydrological model
runoff data. The results obtained for GRACE and FO GRACE
satellites yielded RMSE values of 0.034 and 0.051 meters,
respectively. Then, in order to predict the possibility of floods,
the process of determining the Flood Potential Amount (FPA)
was run using the the GRACE/GRACE FO TWS data and the
TRMM rainfall data between 2002 and the end of 2019.
Finally, the obtained FPA was used to determine the FPI. The
results showed that the FPI index is able to detect many floods
that occurred in the studied area.

Keywords: Ground Water Storage, GRACE, Precipitation,
Flood Potential Index.
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Table 1- Summery of the data products used in this study
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Fig. 3- The changes of the total water storage (TWS) obtained from the GRACE and GRACE FO data
compared to the water budget equation estimates from 2016 to 2020.
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Fig. 4- Pixel-by-pixel validation of TWS obtained from the water balance equation using (a) TWS
derived from GRACE data (b) TWS derived from GRACE FO data from 2016 to late 2019.

So3ld 5 seluwdds TWS L (&) O 5195 dalro 51 ool Comwdds TWS Sy &y JouSeay (oo ylis ] - F S
Y34 3151 G Y+ )5 slJlw ,5 GRACE FO (8 ,lsale (srodly 5l sawlCawsas TWS L () GRACE (g0,l90k

92 9 P 9 pow 9 P9° 9 Jol slaole (rixen § GRACE
o) yolie GRACE FO ojlsale sy Y+ Jlo ot 5 pisis
L):’)Lf ‘5"-") S H JS‘» Lol 0ds Bls Waodly ‘s‘cl‘u LS‘)‘?
5 GRACE (slao,loale TWS iloj (s 5 TRMM o lsale

a3 s iwles |y GRACE FO

0303 395 > s baylages ol 3 ailiwlio a5 ol 6y0ll 4y oY
NN Jlo o 9 pgd (sloole YooY Jlw pgd 9 Jol (slaolo jo
pg3 slbolo YA Jlo ot 5 pis cslaole ¥+ Y Jlo o olo
olo 10 Lo om35l 5 o g s (sliole ¥ VF L otim
oslonlo (sl VoAV o pg> dle 4iid 55 9 Yo 15 Lo ot g ot

2.0
1.0
g 20
\_/-1.0
-2.0
-3.0

N A0 FT A O 10 MOLUL NN NOLL A0 O FTAO0ODMNNL d 0

OS09HOOQQPOTOOIO90950098 9

AN MO NI T O O MNMNMNODDODOO A ANANMMSTEUL WO O~NOOO

O O O O OO OO 0O 0O 00O 0O A A dA A A A A A A A A

O O O O OO OO OO O0ODO0ODO0ODOODO0ODODOODLLOODLOLOLOO O O O

AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN

Month

—TWS —TRMM  —FPI

Fig. 5- Variations of TWS and precipitation from 2002 to late 2019
YoV A5G YooY Jlo 51 5k g (oia; o IS 0503 Sl s —0 JSb

YEY e ) 25lows o395 Jw (ol ! O oo eslisios
Volume 19, No. 1, Spring 2023 (IR-WRR)

ﬂ



2 SSyekas (V9 5 sl JS) Canl Cglate diely b Lol (5SS
S 35 pasde (eej o IS 03 Jlogil (S gy
Al Jop (o) ddlaio > dalllaodyge (Slojoygd Jobo 0 TWS
Ng,y) ol Bl ialS o —+ /Y Hlade 4 yio +/+0 Hlade ) 5 ol

TWSM.&J,,g@M,,w,ﬁ—\“—\“
N9y &S 13,5 asuie TWS (claosls 4 by pe coleMbl oy b
V0 Lials b YN el B Yy el o TWS s

o) 0y3d Ol inlS (clixe dy oyl g Cowl 00 dnlge ¢y il

( b s Gl o b ey g el Jlo 3 jie ke cuin g5 L
0.15
0.10
= 0.05
E
» 0.00
~ -0.05
-0.10
-0.15
-0.20
N A T 1 O d 0O MO NS ANDDL 10O I dO0 I~ LW 0
PRIRLIRIIPPTRIIIIIPIIIIIQIIILQ3Q
N OO NI O OSSNSO O A NNMSTELLL O~ O,
O OO OO0 000000000 ™™ e v e v A o o
O O O OO OO0 ODODO0ODO0ODO0ODO0O0DO0O0DO0ODO0OO0O00O0O0O00O0 00O OO O
N AN AN AN AN NN AN ANN NN NN AN AN NN NN ANANNNN
Month

Fig. 6- Variations of TWS derived from GRACE and GRACE FO from 2002 to 2019
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Fig. 7- General and seasonal trend of TWS derived from GRACE and GRACE FO from 2002 to late 2019
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Fig. 13- Variations of flood potential amount (FPA) from 2002 to late 2019
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Fig. 14- Variations of flood potential index (FPI) from 2002 to late 2019
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Fig. 16- Variations of TWS, precipitation and FPI from 2002 to late 2019
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Fig. 17- Linear and seasonal trend of FP1 decomposition
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Fig. 18- Variations of FPI during the first six months of 2019
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Fig. 19- Variations of FPI during the second half of 2019
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1- Total Water Storage

2- Gravity Recovery and Climate Experiment

3- Gravity Recovery and Climate Experiment Follow On
4- Flood Potentioal Index

5- Tropical Rainfall Measuring Mission

6- Modified Drought Severity Index

7- MODerate-resolution Imaging Spectroradiometer
8- Global Land Data Assimilation System

9- Flood Potentioal Index

10- Load Love Number of Degree |

11- Water Budget Equation

12- Total Water Storage Anomali

13- Flood Potentioal Amount
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