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Abstract

The Visible Infrared Imaging Radiometer Suite (VIIRS) is one of the key instruments on the National
Oceanic and Atmospheric Administration's (NOAA) polar-orbiting satellite, Suomi NPP, which was
successfully launched on October 28, 2011. VIIRS represents a new generation of moderate-resolution
imaging capabilities, succeeding the AVHRR at NOAA and MODIS on the Terra and Aqua satellites. It
provides operational environmental monitoring and supports numerical weather prediction through its 22
radiometric imaging bands, ranging from 0.41 to 12.5 micrometers.

To examine the impact of precipitation on vegetation cover in Lorestan Province, the monthly mean
Standardized Precipitation Index (SPI) was calculated using rainfall data from seven meteorological
stations in the province. Additionally, weekly-averaged infrared images from the Suomi NPP sensor over
the period 2013 to 2021 (April 1 to the end of July) were analyzed to assess the state of vegetation cover.
The results indicated that the correlation between the SPI and the vegetation indices NDVI, VCI, TCl, and
VHI were 0.037, 0.048, 0.174, and 0.150, respectively. Among these indices, the TCI index exhibited the
highest correlation with SPI, making it a suitable method for combining remote sensing data with
meteorological station data to monitor vegetation cover conditions in Lorestan Province.

The findings also revealed that vegetation experienced varying degrees of drought each year, with the most
severe drought occurring in 2021 across most regions of the province, particularly in the central, southern,
and northeastern areas. In contrast, drought conditions were less severe in 2013, 2015, and 2018, while
vegetation cover showed better conditions in 2016, 2018, 2019, and 2020.

Keywords: Remote Sensing, Drought Monitoring,Vegetation Indices, Standardized Precipitation Index
(SPI), VIIRS Satellite Data , Lorestan province.
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Table 1- Drought Classification Based on VCI, TCI,VHI

VCI,TCI,VHI Value 10< 10-20 20-30 30-40 40-60 60>
s L I B N U I
Extremely

Drought Conditions Severe Moderate Mild Normal Non- Drought

Severe

NDVlua’Li JL.S..‘.'& St 9 ‘5.’..’4\3..}: -y dj-l’

Table 2- Drought Classification Based on NDVI

NDVI Value 0< 0-0.2 0.2-0.4 0.4-0.6 > 0.6
Sl Ll S o Ju s S Sz e
Severe Extremely Non-
Drought Drought Drought Normal Wet Drought

QJ'::‘JL.’ 6“})‘«\3&.&' ‘JAP.-L.;
331 AL o&isls 5l (McKee et al., 1993) o)SKan 5 S o law 5 coddis lblisl SoL axls
oSl 5 oele,a 5 SUoL s Ol GVl lad e le cpl sl sl 05 V44T JLu s

Rl 338 ol Jlos e O 3 (SWL sl Ol e et Sloj s 53 SAL

ol diles [0 sl 3 b 5l el



Yoo e Ol Sl ALS 2ty JLSis 1 L5l O 5 6K g5

(0) abl,

X, - X
SPI =

X
ok Dlie slre Sl Sy s sy se 0553 55 Gk ke X slepa 3 SWL Sk Xi0F s &S
(‘N J).,\?—) DL aS &_.QlI?u: LSL“J"% “ L;"}k) W‘j Ldlﬁ) o)'la.jfh).ﬁ SPI )‘Jjﬁ WL?;A )\ o |

&:A-N‘ o 6J.\.>mmz.7 cJ.;‘aJ\..idjb‘

SPI Jlsis Lyl pd sipaad ¥ s

0.2 1.5-1.99 0.1-1.49 -0.99-0.99  -0.1--1.49 -1.5--1.99 <-2
Value
s Il s
S L5 e S Sl
Ll,s Ll L Jls b Jl s B s LS e
L;S § . J J-' L}:ﬂ -
Extremely Severe Moderate Severe
Extremel
Drought Severe Extremely  Extremely Normal Moderate Drought )é ! y
Conditions  Extremely Wet Wet Drought Deve E
Wet rought
Table 3- Drought Classification Based on SPI
VIIRS ,sla slassl Slasein —¢ J g
Table 4- Band characteristics of images VIIRS
LA..L»L» (ﬂjﬁg)&ba:}w 4.)3!»\5;...1;),4
Bands Spectral Range Primary Applications
(1S H LK,
M1 0.402-0.422 FeaAls S
Color of Oceans and Aerosols
(1S H LK,
M2 0.436-0.454 Jrarls Bl
Color of Oceans and Aerosols
(1S H LK,
M3 0.478-0.498 Jrarls Bl S
Color of Oceans and Aerosols
(1S H] e
M4 0.545-0.565 Frarls oSS
Color of Oceans and Aerosols
Lao L 5
11 0.600-0.680 kST
Phenomenon Visualization
(1S H] e
M5 0.662-0.682 Jrarls oSS

Color of Oceans and Aerosols




\i'ngtﬂdﬂo)w‘\r.)bcd}a?mﬁ‘}wjl.:e‘jwaij@

Yor

M6 0.739-0.754
12 0.846-0.885
M7 0.846-0.885
M8 1.230-1.25
M9 0.371-1.386
13 1.580-1.640
M10 1.580-1.640
M11 2.225-2.275
14 3.550-3.930
M12 3.600-3.840
M13 3.973-4.128
M14 8400-8.700
M15 10.263-11.263
15 10.500-12.400
M16 11.538-12.488
DNB 0.500-0.900

& S| prona
Atmospheric Correction
A iy parle
b dos T 5 sl )
Color of Oceans and Aerosols
IS RCHRSRY
Cloud Partical Size
b Cf oSS
Cloud Type Detection
S S g ALE
2D Snow Map
O (Gl) LS
Snow Removal
sl
Clouds
s ol pslas
Cloud Image
L e 3l f e glos
Sea Surface Temp.
b5 5T 5 b 51 O e (sl
Sea Surface Temp. and Wildfires
byl S ool
Superior Properties of clouds
L e 3l f e glos
Sea Surface Temp.

s ol pslas
Cloud Image
uw}ul ol C"“ sles
Sea Surface Temp.
oy S
Light Pollution

C’&q;@lﬁ—\‘

Ol Jozb 55 &S i Ol5 oo Ol ) Ol wlidl o glaelSasl 3 sddcd 5oL LT bl

)L@.gj Qt‘.mﬂ) ‘J:‘il‘i Jjw BE Léfdj .,\AJL;«: C) w)b Ls;wth.a 63> gt>=e > (JML:?\A‘) CJ}\ c&yj)")

033 s b slel ek o 43 3l ) sboay Ol ) Ol 3 s Jl el feten 501 dals

sl b e ol u.\l.,..._{:.o- ols u.alaf sy Olal ol s Jfl S5l aals JL..U.A N e 3

Jlo glaole Kos 53 alS iy 31 Soojlea w5 gl B Jwi Jsl 5ol (b gl

5508 5 AS Ol ) alE il JLSis Ll5 e dle glaske s 3 5ol opd Jlsles s



vov e Ol Sl ALS 2ty JLSis 1 L5l O 5 6K g5

o Sl Sl al Sl ks (il dalps Al iiy s p aSRedar b L
(M YU wzin) 555 olo sleml B (VY azn) Jysl ole gl alS 2y (o) esls Fo JSax
Sl SHSPE jasls (ol idy Lauls o a0l 5 jasis ol olds ) s ol el
S50 5 eddbralone Ol ) Ol 3 Wly mlidlpr SlaelKanl 4 by (o33 wlale Sk
Sl sl 5 S o b ) Six JabK Ol ) Okl Ol fusb 53 288 15 e e s
Dby e el 5l S edidd 5 IS s e s 4 85 el 23 ol Jla oo S
by i s Lo (e a oM YN win) 3 Sais sl e ls aid &)l Laib ( alS
BY Y Sl d s e)ss S slp 30 30550 pslas ¢ 51 45 S-NPP IPSS simis 5l ol aLS
cilie gladle 3 alS iy Cunsy S polal ul 55 Al 4 andllaes ) ge adaie 5l YT
gl dsb 5 Al 2ds Jbo i b 5 b Candy S sba polal ol 4 a5 Lol stalin LG
2 AS s Sl eag Jlas s ol Sl Cands 5l Sllas aleis ul e s (Sl o3k
D5l Canss 5 alS i s YOIA 5 YN s s edd JLSEs Jles YY) 5 Yelg Yy
Ol 313 5 oy Gacand ;3 NDVI Laslis Ol o5 8 jaseie b g 5 elal 5 ol azils
(Y JS8) asS e My RalS Sags bl s 0 o ol Sl s 5 sk bl &S
oS Llandls Olsl glacand a4 Cas (5 28 JE0L a8 o 0L SAllG s Gbla 5o 5oL o sa 52
N O A P e B AN IS N Ky SV R Pt P P g LR
Gbadle s Llaxslt Sl obe s Joosl sbeole o3 andllassyse 055 53 CiS Ol o > 5 035
o2l Lyld Sl esgdoms 8 Jled 5 (655 0 Gble pan 3 @l e kil a0k &S
Sy el ol Gidie Gl yasls VWl Sl s SB1S g 5 4S el 5l 30 NDVI
o VYV Jle S s pesb e T L (atld ol 4l e Ll

'JJJ§L5°



\i'\w};\iQVO)Lm:J4\?»‘@@‘#554}1:9‘)&%];4 YDA

ND¥I

-0.05 0.05 0.15 0.25 0.35 0.45 0.5 0.65
(YAY=Ye¥)) Voo Jof (Y1 wia) Ol J Okl NDVI jasls Kidn (o Kle - IS

Fig. 2. Weekly average of NDVI index of Lorestan province (week 26), July 1 (2013-
2021)

SSix sl Sl (7 IS2) TCljastls sl guuaid slas 5l edel s o 2l e gL
MNIA C5 5 o YTE Y glaaia 3 yaxls opl Sais o Sle . Conl o3 Yo) Il YU azin s s
s JLSis stiasilis Laxls cpl s 5 ol o3 TOVY QLAY NV /N Q/TY 4/h0



Yoa e Ol J Okl alS g o JLSis 3 oLl ol es 5 0 (g et

o JSes S ol s jasle ol elad podas e 0L andlaesjge 033 S5 1) s JLSas
oS ails JSes ams s o3bs U 5 b esss 035 oBsS Sk ssaS i esdhe gy £ 53
o el laole YoV Jlo 53 a8 515 0LE3 SPI astls oy el ol L YY) Jlee 3 0T 46 50
33008 (ol Jlsn o Il 053 51 Sy cbaole opl &S oloulsl ol wxils | 25L oo meS 555 5
Db 8 spde LIS Sl 0l ssaS GU sl alS iy ool G0 baele cpl ss a0
¢ SPI s ls L TCl Lastls Stees Ol andlans ) go 0,53 55 .ol azils aslsl Jlyze olo i Sl
Wl 035 513555 5 (Sses Ol 0 5L 51 LS 235 sla e ls o5 S &S el +/\VE

(Yt Jg.;') C,\M‘M‘JJ. @"‘j"gi .hlb.& dt.wj‘ dl:...»:‘chm).)-rcl dm—l...:: wl.b.))}ﬁ 092 2




\i'\w};\gQVO)Wa\VJb-cMQ‘kEuJP‘FQfL Y&

TClI

0612 24 36 48 60 72 84 100
(YAY=Y YY) Y gl (Y i) Ol J Olal TC jasls Kidn Kl -F S
Fig. 3. Weekly average of TCI index of Lorestan province (week 26), July 1 (2013-2021)

S 3508 daMe Ol e (8 JS2) VCI Lastls ol gduaih slad 3l odd Jool mls ol
) s 8 sl S wng Sla, e Sl Sl Loyl 5l Ol S Okl L3 VCI jastls Lyl b
Gl g g 5SS aS VoYY Jlo s il 0350 o game 5L ladkee Ol uis b 51 Ol 5y 2l
G ool sl (oMo wiin 5l oS W3 S jasiie j Sle Laxls gods 2B Gkl jaxli
L e la opl Olse cp %S YoTY Jle o3 YT B Yo azin 5108 Jsdr) cd o3 Js55 Ky 505 =l
Jsl s olapy yatla ol o Sl &8 Sl ool s JLSCias saasolis sl ol oS cails
b S A3 8 jasie s el o d3 ST 55 palie g5 5l LS Bl s L]
55 oarli ol Oley S Ol s lcnl YA 5 YO gladle s exls ol s 5l Jle
ke o b S cal 3b5 sl ioand o5 4 S Ol 8 5 o5 lacand xio

andllaes ) go 055 4 Sl S 030 YV Sain o SKle 31 2aS VoYY Jle 3 e s cpl i JLSes

0 |
34 mpa-€7 34 mM[o-£T
| I

' 4 i
B - ] e Bl =) il kR
1 ' I




iia e Ol bl S R JSE S Gl O 5 IS 55

Stressed VCI Favorable

T 1
0612 24 36 48 60 72 84 100

(Y=Y YY) Y g gl (Y i) Ol ) 0Ll VCI s ls Kin 5 Kle ¢ IS5

Fig. 4. Weekly average of VCI index of Lorestan province (week 26), July 1 (2013-2021)
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Fig.5. Weekly average of VHI index of Lorestan province (week 26), July 1 (2013-2021)
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Fig. 6. Weekly average drought risk of vegetation in Lorestan province (week 26), July 1 (2013-
2021)
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Table 5- Weekly average of vegetation indices in Lorestan province
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Year Week NDVI VCI TCI VHI Year  Week NDVI VCI TCI VHI
2013 13 212.0 42.71 12.22 77.46 2015 13 229.0 35.81 9430 15.56
2013 14 222.0 33.68 33.27 83.47 2015 14 244.0 14.80 83.34 49.57
2013 15 229.0 03.65 86.32 94.48 2015 15 253.0 47.78 55.33 01.56
2013 16 232.0 9.60 97.40 93.50 2015 16 258.0 6.75 49.29 55.52
2013 17 234.0 59.56 57.47 08.52 2015 17 257.0 88.70 59.27  24.49
2013 18 233.0 97.52 89.53 43.53 2015 18 251.0 82.64 666.27 24.46
2013 19 231.0 76.49 95.58 36.54 2015 19 243.0 56.58 88.26 72.42
2013 20 226.0 04.47 82.61 43.54 2015 20 233.0 06.53 99.26 03.40
2013 21 22.0 31.45 88.58 1.52 2015 21 222.0 13.47 67.27 4.37
2013 22 213.0 31.44 4.55 86.49 2015 22 209.0 79.41 59.28 19.35
2013 23 203.0 26.44 75.50 5.47 2015 23 198.0 15.39 98.28 06.34
2013 24 191.0 32.42 41.48 37.45 2015 24 186.0 24.37 41.30 83.33
2013 25 18.0 17.41 5.43 34.42 2015 25 174.0 17.35 86.34 02.35
2013 26 17.0 98.41 27.37 63.39 2015 26 164.0 92.33 13.40 03.37
2014 13 2.0 92.65 34.38 13.52 2016 13 238.0 21.86 1343 67.64
2014 14 215.0 71.65 4541 58.53 2016 14 251.0 75.84 49 87.66
2014 15 229.0 74.66 58.42 66.54 2016 15 262.0 93.83 03.53  48.68
2014 16 242.0 57.68 66.40 62.54 2016 16 27.0 37.83 69.54  03.69
2014 17 251.0 88.68 27.38 57.53 2016 17 274.0 68.81 16.57  42.69
2014 18 252.0 47.67 49.38 98.52 2016 18 274.0 76.79 84.59 8.69
2014 19 249.0 72.64 9.39 32.52 2016 19 27.0 25.77 67.60 96.68
2014 20 241.0 49.59 85.45 68.52 2016 20 263.0 86.74 34.60 6.67
2014 21 228.0 34.53 59.51 47.52 2016 21 251.0 45.71 43.59 44.65
2014 22 217.0 27.49 54.53 41.51 2016 22 24.0 66.69 29.61 47.65
2014 23 204.0 69.45 95.51 82.48 2016 23 226.0 85.66 59.61 22.64
2014 24 191.0 47.43 07.50 77.46 2016 24 21.0 24.63 11.62 67.62
2014 25 179.0 35.41 71.49 53.45 2016 25 194.0 39.58 22,63 81.60
2017 13 162.0 25.46 85.43 05.45 2019 13 201.0 88.65 7764  33.65
2017 14 179.0 54.46 34.47 94.46 2019 14 218.0 93.66 93.68  93.67
2017 15 194.0 92.47 71.46 32.47 2019 15 235.0 76.69 04.72 9.70
2017 16 209.0 87.49 86.44 37.47 2019 16 248.0 69.71 63.71 66.71
2017 17 222.0 87.51 42.42 14.47 2019 17 257.0 9.72 09.68 5.70
2017 18 231.0 1.53 55.41 33.47 2019 18 262.0 48.73 33.64  41.69
2017 19 236.0 86.54 24.38 56.46 2019 19 262.0 51.73 77.63  65.68
2017 20 237.0 06.56 32.35 7.45 2019 20 257.0 04.72 51.65 79.68
2017 21 232.0 36.55 66.36 02.46 2019 21 249.0 59.70 43.63 02.67
2017 22 22.50 55.56 07.36 31.46 2019 22 239.0 34.70 97.58 66.64
2017 23 217.0 78.57 4.33 59.49 2019 23 228.0 65.69 0156 83.62
2017 24 203.0 51.55 33.37 42.46 2019 24 215.0 02.69 88.53 45.61
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07.56
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16.53
5.46

88.38
71.38
02.33
71.41
37.49
54.58
01.67
94.71
89.75
17.78
42.76
68.75
45.72
32.68
2.65
92.63
98.17
01.16
83.13
11
29.8
26.8
57.8

26.46
66.45
35.51
85.54
25.58
81.61
1.65
78.66
97.67
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81.67
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01.65
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60
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Fig.7. Changes in vegetation drought degrees in Lorestan province
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Fig. 8. Changes in the degree of drought of vegetation in Lorestan province
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Fig. 9. Annual changes of vegetation health index in Lorestan province
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Fig.10. Monthly average time series graph (January to December) of NDVI and SPI index in
Lorestan province
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Fig. 11. Correlation diagram of SPI with each vegetation index in Lorestan province
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Fig. 12. Weekly average of each of the studied indicators in Lorestan province
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Fig. 13. Weekly average of VHI index of Lorestan province
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