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Abstract

Wetlands are among the areas on the surface of the earth whose life and dynamics depend on the presence of
water, this dependence is so great that they react to fluctuations and changes in water levels in the shortest
possible time. The aim is to investigate and reveal changes in NDVI and NDWI in Shadegan Wetland using
remote sensing. In this regard, using Landsat images in the period (1972-2020) in June, we investigated and
revealed changes (decrease and increase) in NDVI and NDWI and estimated the water level in the wetland
catchment area in hectares. After obtaining images from the site https://glovis.usgs.gov, the images were
processed and the water cover area was calculated using ENVI and GIS software. In one year, we witnessed
an increase in the wetland water level, this increase was repeated only in the next two or three years, and after
that, we were faced with a decrease in the wetland water level. In 1975 to 1978, more than fifty percent of the
wetland surface was covered by water, but in 1980, the water surface coverage decreased to 15 percent. The
decrease and increase in the wetland water level changes in the following year, and its changes from year to
year are large. Based on the results obtained, it was determined that in the catchment area of the wetland, the
water available in this wetland fluctuates greatly. In the 23-year period under study, the water available in this
section is less than 50 percent. The water availability in the wetland has an uncertain trend that does not follow
a specific order. Since water is considered the most important life-giving element in wetlands, this high
irregularity or severe fluctuation in water availability can be considered a serious threat to the life of the
Shadegan wetland ecosystem.
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. Ecosystem Based Management —Driver, Pressure, State, Ecosystem Service, Response,(EBM-DPSER
. Wetland Ecosystem Protocol (WESP)

. Integrated Valuation of Ecosystem Services and Trad-offs (In VEST)
. Artificial Intelligence for Ecosystem Services (ARIES

. Normalized Difference Vegetation Index

. Normalized Difference Moisture Index (NDMI)

. https://glovis.usgs.gov

. Multispectral Scanner

. Thematic Mapper

10. Enhanced Thematic Mapper

11. Operational Land Imager and Thermal Infrared Sensor
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Table 1. Water cover area of Shadegan Wetland In hectares

JLw (HLSe) o bneo W) Jw (HLse) o bino KW
1972 45039.6 26 1998 112952.2 66
1973 17650.8 10 1999 57744.9 34
1975 95258.52 56 2000 3909.69 2
1976 75296.52 44 2001 5461.02

1977 81366.48 48 2003 32461.29 19
1978 125368.6 74 2004 104604.8 62
1980 25698.24 15 2005 99680.58 59
1981 81617.04 48 2006 115611.9 68
1982 98865 58 2007 105835.1 62
1984 7076.16 4 2008 35450.55 21
1985 91459.26 54 2009 33481.17 20
1986 127965.4 75 2010 45143.28 27
1987 102947.8 61 2011 45502.74 27
1988 86812.56 51 2013 85038.93 50
1989 82117.8 48 2014 71186.31 42
1990 64744.47 38 2015 53626.23 32
1991 94347.9 56 2016 63468.36 37
1993 124336.3 73 2017 54044.55 32
1994 24479.82 14 2018 46513.26 27
1995 126707.4 75 2019 125383.4 74
1996 128363.1 76 2020 83276.64 49

1997 82458.9 49
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Table 3- Changes in water cover of Shadegan Wetland catchment area In hectares

JLw w38 KWI%) ol oy
1972-1973 17346.24 10 4249.08 2
1973-1975 12992.04 8 127154.88 75
1975-1976 3763.08 2 10357.2 6
1978-1980 47174.4 28 50736.24 30
1980-1981 8011.8 5 153144.72 90
1981-1982 1048.88 1 3336.12 2
1982-1984 21301.92 1 20540.16 1
1985-1986 71916.75 42 70.38 0
1986-1987 435.69 0 84798.36 50
1987-1988 7393.77 4 39566.07 23
1988-1989 11741.67 7 18132.84 11
1989-1990 5710.95 3 7185.15 4
1990-1991 46056.33 27 1396.8
1991-1992 20916.27 12 68659.83 40
1992-1993 20176.29 12 34598.34 20
1993-1994 51212.52 30 3078.54 2
1994-1995 11046.06 6 41178.06 24
1995-1996 435.69 0 84798.36 50
1996-1997 17497.89 10 25736.76 15
1997-1998 7781.31 5 18369 11
1998-1999 48738.6 29 6517.53 4
1999-2000 445.23 0 20923.65 12
2000-2001 12430.08 7 15482.7 77
2003-2004 20797.2 12 1545.93
2004-2005 8701.29 5 6387.93 4
2005-2006 8226.81 5 27833.58
2006-2007 7534.89 4 7908.93
2007-2008 9782.28 6 19570.77 12
2008-2009 2233.53 1 3149.55 2
2009-2010 4488.75 3 2550.96 15
2010-2011 5522.4 0 4359.6 3
2013-2014 8539.56 1 3096.09 18
2014-2015 1144521 7 7357.23 4
2015-2016 4102.02 2 264.78 2
2016-2017 9718.02 6 5599.8 3
2017-2018 808.92 0 1829.43 1
2018-2019 67278.69 40 714.15 0
2019-2020 114.12 0 39751.65 6
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Table 2. Changes in the vegetation cover of Shadegan Wetland In hectares

el VB ) s LS

JL w381 KWIR) ol KW-3%)
1972-1973 936.72 1 16001.28 9
1973-1975 54891 32 9309.24 5
1975-1976 8127.72 5 9843.84 6
1978-1980 45696.96 27 49745.16 29
1980-1981 84031.92 49 6221.2
1981-1982 4621.68 3 10389.96
1982-1984 17531.28 10 57833.28 34
1985-1986 542.16 0 63907.38 38
1986-1987 74804.31 44 1474.56 1
1987-1988 32210.28 19 8619.21 5
1988-1989 21933.99 13 4320 25
1989-1990 9216.18 5 12839.31 8
1990-1991 3549.69 21 44421.12 26
1991-1992 29947.95 18 21921.93 13
1992-1993 29804.4 18 37631.07 22
1993-1994 8995.32 5 37974.69 6
1994-1995 49365.72 6 9627.57
1995-1996 22040.91 13 15214.59
1996-1997 14063.94 8 21493.89 13
1997-1998 15680.61 9 30790.17 2
1998-1999 4879.89 3 41519.16 24
1999-2000 1959.3 1 424.35 0
2000-2001 17010.45 10 7508.52
2003-2004 32979.78 19 12440.03 18
2004-2005 6275.52 4 10940.67
2005-2006 18304.47 11 8376.21 0
2006-2007 7381.44 4 10219.77 6
2007-2008 14618.61 9 35596.8 21
2008-2009 3417.66 2 1352.97 1
2009-2010 4591.53 3 6220.8 4
2010-2011 4332.33 3 5472.9 3
2013-2014 5670.72 3 4747.95 28
2014-2015 4791.69 3 12354.57 7
2015-2016 3837.6 2 2923.47 2
2016-2017 4185.81 2 10321.74 6
2017-2018 1767.42 1 894.24 1
2018-2019 1178.01 1 62705.16 37
2019-2020 38549.97 23 150.39 0
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Table 4- Changes in vegetation cover on the edge of Shadegan Wetland In hectares

J ol WP saals RWIR
1972-1973 23871.3 8 4709.23 2
1973-1975 24922.08 8 3401.64 1
1975-1976 2532.1 1 3651.59 1
1978-1980 1829.89 1 20114 1
1980-1981 1956.99 1 1043.28 0
1981-1982 23477.76 8 49785.48 16
1982-1984 1018.44 0 4544.6 2
1985-1986 4758.03 2 48736.92 16
1986-1987 9244.98 3 1722.96 1
1987-1988 3648.6 1 22734.45 7
1988-1989 2720.16 1 51.12 0
1989-1990 11908.26 4 10023.31 3
1990-1991 14114.88 5 39852.15 13
1991-1992 5343.12 2 27020.34 9
1992-1993 18046.16 6 2474.37 1
1993-1994 743.76 0 12634.01 4
1994-1995 8793.72 3 12436.56 4
1995-1996 10588.23 3 27453.33 9
1996-1997 22571.46 7 1671.56 1
1997-1998 1620.9 1 9990.43 3
1998-1999 470.88 0 4718.97 2
1999-2000 4854.96 2 812.75 0
2000-2001 12200.13 4 38257.98 12
2003-2004 15234.21 5 36740.34 12
2004-2005 6174.63 2 23976.18 8
2005-2006 25685.55 1 8730.45 3
2006-2007 45177.84 15 12914.01 4
2007-2008 16721.01 5 44905.05 15
2008-2009 23750.28 8 3363.57 1
2009-2010 6327 2 21523.14 7
2010-2011 10427.67 3 6168.42 2
2013-2014 8736.3 3 8661.87 3
2014-2015 4954.23 2 30117.42 10
2015-2016 4804.29 2 5238 2
2016-2017 3762.09 1 3104.19 1
2017-2018 6249.96 2 9792.9 3
2018-2019 22490.64 7 128621.6 42
2019-2020 56979 18 28680.21 9




Table 5 - Total changes in water cover on the edge of Shadegan Wetland In hectares

J ol KV oeals RV
1972-1973 2400.23 1 3420.1 1
1973-1975 129.6 0 3590.38 1
1975-1976 28248.84 9 2440.11 1
1978-1980 2530.11 1 3694.76 1
1980-1981 4450.9 1 25400.19 8
1981-1982 6771.24 2 29351.16 10
1982-1984 10222.92 3 3989.16 10
1985-1986 119225.45 39 29594.07 10
1986-1987 24290.01 8 1474.38 0
1987-1988 24700.95 8 34947.63 11
1988-1989 44772.68 14 15481.36 5
1989-1990 2143.62 1 16831.08 5
1990-1991 2578.68 1 5380.56 2
1991-1992 18240.57 6 119332.77 39
1992-1993 882.18 0 18699.12 6
1993-1994 20964.42 7 3449.7 1
1994-1995 12004.92 4 4497.39 1
1995-1996 31876.92 10 47660.06 15
1996-1997 679.05 0 3999.24 1
1997-1998 48732.69 16 7782.48 3
1998-1999 20958.93 7 2.7 0
1999-2000 1676.77 1 7616.16 2
2000-2001 3781.92 1 12964.5 4
2003-2004 35204.31 13 17415.54 6
2004-2005 39494.88 3 6231.51 2
2005-2006 8316.27 3 52972.11 17
2006-2007 10521.18 7 48556.71 16
2007-2008 23029.74 5 22913.64 7
2008-2009 16557.66 7 22800.24 7
2009-2010 21776.4 2 8795.97 3
2010-2011 5464.98 4 12122.01 4
2013-2014 12965.31 8 8370.09 3
2014-2015 25038.36 2 7980.48 3
2015-2016 7500.78 2 455.94 0
2016-2017 4722.03 3 5804.91 2
2017-2018 9929.7 36 8019.27 3
2018-2019 110826.8 0 990.18 0
2019-2020 161.01 61518.15 20
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Fig3- NDMI index in Shadegan Wetland in 2000 (right side) the driest year and 1996 (left side) the wettest year

35 ol Jlo 0l 53 Ly g obe ool s 4588 1855 VB i il (sl el olej olsie & 5 oo 320l 2
v 50 (6ol Ol s 050 co Alax Do (el 00 o 10505 D jg0 4 a5 Y S Billas el o) Cgim 5 L s o
g g cnl 50 Canl Guiizs opl o anlllas 390 Gloj (ol a5 VAVY Jlo 10 a5 (5 eb a0 sl atils 3929 ol SYB O
2L Gl e (88l VB gl (5 (LS (dgy 5 ol (s pasls Wil Jelos s a5 Sl e Glaled (o
Cams Jlo 98 ld ol 51 SO o Olass Jle job a0 el oas 00lo (HLis Jloges S ygo a1 g drmlee o 51 LS o 4 s
HESe e VY- 5l i g5 ole jo Jle £ Ladd Sldlas oy90 jo el 28,5 118 aslin g o) 0 0550 Sloj o3l lan jo o2 4
09.«..4‘540 EPOWE ) ‘5&'_’956 0,90 ¢ yug O 90 ‘SJLO) 00gdte Ay d>gf l.a aS Cowl alils Sg>9 uyla G’a.u)é u]

) & o
SOy
i +

140000
120000
100000

\% 80000
™ 60000
40000
20000 I
’ & & S0
9

'\‘>'\'°'\'\'\“‘q§~$~i‘q_-°‘ o ° s 5 & \"\" \\‘\'”\“\“\\"\‘“0*Q
\““\‘“\“\“\*\“\Qq 9 FFE a}&&““\@@"@”@ %***?319“9“9"9”9‘9”9\\‘\‘\?

%\mw,‘_\m

anlllas 5550 0,90 ;0 Bols OYB ,o O mhaw Lidg colus . S
Fig 4. Water surface coverage area in Shadegan Wetland during the study period

0559 Al 3l azsliz ol 1oy 90 glyls Bals OYB jo O law &l pois a5 00 5 asine a8 5 plowl Slwle sl
Slpns Jol 0,90 0 a5 dg00 blul ¢ylg5 co g 43,5 Jai pgd 0,50 YoV LY o) Jlo 3l g Jolojga !y Veroe Jlu b Sladllas
Lopgo 0y90 ;0 VYU (pl )0 ol mlaw cials Ol sy Lol .ol ails 0929 OYB ol o ;0 P90 0,90 A Caud (5 e (a8l
axdlas 5,50 o A Cannd s 00 oddlie QYU o gT@a.w Dt Y01 51847 la Jlo .Cnl 009 4gzlge (g0b ;) ialS
B9 0 sled 4y YU S gl i Ll 18 oaims lid 9 058 0 Cgesms 2UeS e



VF.Y ul:aa.\.o) 9 )a.}l} Al S)Lo.j: ©9d 3)9.) L‘)i ‘;M)..\LQA ‘_5.:).3)\5 dlﬁ"w\-ﬁsf %Msb ‘ﬂ‘l

80000

70000
60000
50000
gi 40000
30000
20000
10000
|| |_| al II I IIIlI...II.I_
@ -~ A\ ) ">\ \a

[ |
o o N O
\" ~\"L’ '\b \‘*\ \\*‘\ \qﬁ' & & »\* \~w°5‘° \f‘“ AR Sild \\°‘ ﬁ“ eﬁ“’ a““ a‘* n“‘ w“ Q& \*‘ S »
& o
N

D ~>‘\5 N A\\\ o
R A gy N & o & o F & o
SV eﬁ" T FFF & o?ﬁ’ il q"k{ a"‘ Il \“Q & \& P ,.90’159 NN ,‘9\ (\\" .19\ ,.9\ NN

Sy J,3~e‘ it a2 ) s

180000
160000

140000

120000 ‘
‘II.-lI_I A - I-_--._.__l
A el ‘%Ou 9, ‘\

|
> v D D o b S o > oo & e & & A & D
Q« OIS \&- q@ PSS IS F &“ é*‘ﬂq\‘ NN @«A@ .;@ NN S N ey

A A A A A A g o NS S S < & & & SR
\a@$@3\a$nq@@e§@\$@a$@cﬁ$ ,.@ ,.@’e\a‘s«&nﬁ@\\,o.\gowe@\x@

__aw,.;ﬁ.im:}w;xw.\tsutﬁ.s

SELs GV KT Ceond o O el palS g ialidl i O JSS
Fig 5: Increase and decrease in water level changes in the Shadegan Wetland catchment area
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Fig 6- Decreased and increased changes in the vegetation cover index at the Shadegan Wetland level.
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