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Necessity for accurate spatial and timely information of water resources is growing up. In this study, with using
Landsat images, the dynamic changes of the water body and surface vegetation and water withdrawal in the Anzali In-
ternational wetland during the period 1985-2018 were evaluated. NDWI and NDVI indices were used for this purpose.
The results of the area study showed that the area of the wetland increased during 1985 to 2007 and decreased during
2007 to 2018. The largest area was in 2007 (100.06 km?). The western part of the wetland was also watered during the
studied period and did not make any significant changes, and the major changes were in the eastern and central parts.
According to NDVI obtained in 2018, there is less dispersal and less vegetation cover in the wetland. In general, it can
be said that the dynamic of the water body and the vegetation cover of Anzali wetland is influenced by the fluctuations
of the Caspian Sea surface and changes in the water body of the wetland respectively.
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Pacrér nmorpeduocTs B TOUHON MPOCTPAHCTBEHHOI 1 CBOEBPEeMeHHOI nudopMaIuu 0 BOAHLIX pecypcax. B arom
MCCJIeOBAHKMY Ha OCHOBE aHaj3a CHUMKOB ¢ KOCMUYeCKNX arnapaToB cepun Landsal b1 oleHe bl fruHaMudecKue
U3MeHEeHUs BOAHLIX 00bEKTOB, MOBEPXHOCTHOI PACTUTEJLHOCTH U BOMo3abopa Ha BOJHO-OOJOTHBIX YIOAbAX
MEJKIYHAPOJHOTO 3HAUYCHUS NpuKacnuiickoit maryusl Auszanu Ha cesepe Mpana B nepuog 1985-2018 rr. Jlist sroit
nesn nernosb3oBasinch crerrpanbabie nagexesl NDWIn NDVIL Pesynbrars ncciemoBanms TeppuTopun moKasasi, 4to
MJIOTIA/(b BOJHO-00JIOTHBIX yropuil ysesmansaiach ¢ 1985 mo 2007 rox u ymensimanacs ¢ 2007 mo 2018 roj. HauGonbiras
mrormab obra B 2007 1. (100,06 kv?). SamajgHas yacTh BOIHO-00JOTHLIX YOI TAKKe OBEPrajach MOJUBY B TeUeHIe
KCCJIe[yeMOro Mepuojia 1 He mnperepiesia Kakux-Jaunbo cylmecTBeHHbIX U3MCHECHM, [IPY 9TOM OCHOBHBIC U3MEHEHUSI
MPOU3OILIN B BOCTOUHOI U mnerrpanbioil wacrax. [lo ganupim NDVI, 8 2018 1., ma 3a60104eHHBIX TePPUTOPUSIX
HabJo[anach HAaMMEHbBINAs MJIOTHOCTD U ILIOIIA/(b PACTUTENHHOTO MOKPOBA. B 1e10M MOMKHO CKa3aTh, YTO IJIABHBIM
(barropoM, BAMSIONMM Ha JINHAMITKY BOJJOEMOB 1 PACTUTEILHOTO TIOKPOBA BOJIHO-00JIOTHBIX YTO/NIT AH3aJI, SIBJISTIOTCS
KoJsiebanus ypoBHs mosepxuoctu Racnuiickoro Mmopsi.

Kaouesnte caosa: Bojiibie pecypebl, IHHaMUKa, BOHO-00g0THBIe yroibst, Landsat, NDWI.
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Wetlands make ecosystems that are essential
for maintaining the quality of the environment,
the habitat of fish and wildlife species, and other
human needs [1]. On the other hand, due to vari-
ous natural and human impacts, wetlands face
serious pressures such as: sea levels elevating,
climate changes, increased demand for natural
resources and cumulative environmental stress-
ors [2]. Though, under the influence of natural
and artificial interactions, numerous wetlands
have turned into agricultural land or urban land,
and these fundamental changes in the character-
istics of the wetland have attracted widespread
attention from the researchers |3, 4]. Long-term
monitoring on aqueous dynamics is essential
to improve the understanding of the health and
performance of wetland ecosystems [5]. The ef-
ficiency, precision and strength of monitoring
tools for wetlands in large areas, following their
degradation and destruction is essential, in spite
of many advantages and functions they provide
for humans [6]. Precise mapping of the wetland
is a significant instrument for comprehension
wetland performance and monitoring their reflec-
tion to natural and human activities [7].

Wetlands have dynamic hydrological char-
acteristics that are found in abundant complex
lands, and it is often difficult to monitor in situ.
Earth monitoring (EO) and geographic informa-
tion systems (GIS) are an effective tool for not
only collecting, storing, managing and retriev-
ing a lot of spatial and non-spatial data, but also
for spatial analysis and integration of these data
for effectively output evaluation, and modeling
[8, 9], supporting efficient management of wet-
lands and helping to improve functioning of the
conservation [9, 10].

It is identified that there are 94 important
international wetlands in Iran among which 35
wetlands have been registered in the Ramsar
Convention in 24 sites. All of these wetlands have
suffered heavy losses in recent years. Activities
such as inappropriate water supply policies, the
implementation of oil projects, dam construction
projects, development of roads, the management
of wastewater and industrial and municipal waste
to wetlands, and the introduction of non-native
species faces relatively all of Iran’s international
wetlands to death. Gavkhoonilagoon, Lake Urmia,
Meighan, Bakhtegan, Anzali and many other such
wetlands endangered serious threats [11, 12].

The Anzali wetland was registered in the In-
ternational Convention on Wetlands in Ramsar
in 1975 and the International organization of
Bird Life also recognized this wetland as an
“Important Bird Area” [13]. Nowadays not sci-

entifically short-term plans such as introduction
of non-native species, disturbing the balance of
inland and outburst of wetlands, construction of
roads and bypasses, drainage and change of land
use, unlawful land occupation, Anzali wetland
changed to the index of declining wetlands in the
northern coastal area of Iran. The Anzali Wetland
is now listed on the Montreux Record, and accord-
ing to that country, Iran is forced to rebuild the
site and preventits ecological changes [14]. Over-
ally, considering that the Anzali International
Wetland is one of the most important wetlands
in Iran and water volume declining induced a lot
of environmentally problems in the catchment
area, especially its aquatic species; therefore, the
importance of monitoring this wetland is more
than ever. So, the purpose of this study is to inves-
tigate the dynamics, vegetation surface and water
withdrawal of Anzali International Wetland using
Landsat images in period of 1985-2018.

Materials and method

Case study. The Anzali wetland is located
on the southwestern coast of the Caspian Sea, in
Gilan province situated at north part of Iran, near
Bandar-e-Anzali city, in the 37°4" N, 49°22" E.
The position of the wetland is visible in Figure 1
(see color tab).

The climate in the northern part of Iran,
where the Anzali wetland is located, is known
as the hyrcanian or Caspian climate [15]. The
Anzali wetland is 24 meters below the free water
level. Anzali wetland is a suitable habitat for
spawning and nursery of fish, as well as place
for breeding, spawning, and hibernation of many
species of waterfowl.

Anzali wetland is separated by a sandy
border about 1 kilometer from the Caspian Sea
(except in one area). The main vegetation is the
Phragmites australis, which sometimes reaches
a height of 6 meters. Azolla filiculoides in 1984
were introduced by the Iranian Scientific and In-
dustrial Research Organization for the purpose
of forage production for livestock and poultry
and the provision of green manure for rice farms
of Gilan province and from there to Anzali wet-
land. In the last few decades, due to the increase
in the entry of agricultural, domestic and indus-
trial wastewater, as well as the decrease of the
Caspian Sea, reed and Azolla sp., there has been
widespread growth and dispersal. Siahkeshim
Protected Area, Selkehand Sorkhankol Wildlife
Refuge are located in Anzali wetland.

Methodology. After reviewing 5 Landsat
images in period of 1985—-2018 with similar time

Teoperuueckast u npurnauas sroaorust. 2021. Ne 1 / Theoretical and Applied Ecology. 2021. No. 1



METO10JIOTHS 1 METO/bI NCCJIAETOBAHIIL. MOJIEJIN I IIPOTHO3bI

Table 1
Specifications of images used in this study
Row Image ID Sensor Date
1 LTO5 LATP_166034 19850528 ™ 28/5/1985
2 LTO5 LATP_ 166034 19950524 ™ 24/5/1995
3 LEO7 LATP 166034 20070501 ETM+ 01/5/2007
4 LCO8 LATP 166034 20130525 OLI 25/5/2013
) LCO8 LATP 166034 20180523 OLI 23/5/2018

frames (May) in the study area, corrections were
made on the images if necessary. The specifica-
tions of the images are visible in Table 1. Then,
to separate the water body from the NDW I index
[16] and the NDVIindex [17] was used to calcu-
late the vegetation surface and water withdrawal.
The values of the above indices are varied from —
1to1 (1-2).

NDWI GREEN - NIR

GREEN + NIR (1)
NDVI = w

NIR + RED (2)

Respectively, the green and red bands of
Landsat and NIR represent the near infrared
band. Then, extraction results were analyzed. It
should be noted that a 500 m buffer was applied
to the final images Lo separale the vegetation
cover of the wetland.

Results

The images of Anzali wetland water body
from 1985 to 2018 are shown in Figure 2 (see

color tab). The results of the comparison of the
wetland area of the wetland between 1985 and
2018 indicate that the area of the wetland in-
creased from 1985 to 2007 and decreased from
2007 to 2018. As you can see in Figure 3, the area
of the wetland is given in different years per km?.

The largest and the lowest area was respec-
tively in 2007 (100.06 km?) and 2013 (19.87 km?).
According to the 2007 image, in the same period
in 1985, it has almost doubled, and it has the
largest area in comparison with other years.
The annual rainfall of 1985-2010 Bandar-e-
Anzali rainfall station was depicted in Figure 4
in millimeters (based on Regional Water Com-
pany of Guilan). This station has the highest
precipitation rates among Caspian Sea stations
[15]. Anzali wetland survey showed that a large
amount of wetlands was lost in 2013; according
to the annual precipitation rates of the Bandar-
e-Anzali rainfall station (Fig. 4), in the years
leading up to 2010, this year the average annual
precipitation fluctuated, despite a rise in 2000,
it had a decreasing trend in 2007 (1360.8 mm).

We also observe that the area of the wetland
in 2007 is about 70 km? more than 1985, about
two decades ago. Landscaping images of the
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Fig. 3. Changes in Anzali wetland of water body by year, kmn?
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Fig. 4. Annual precipitation from 1985 to 2010 at Bandar-e-Anzali station, mm

vegetation surface and water withdrawal status
of the wetlands by the NDVIindex in 1985-2018
are shown in Figure 5 (see color tab).

Regard to the vegetation surface and water
withdrawal map, in 2018, vegetation cover is
less dispersed and less densely populated in the
wetland, and in the years 1985 and 2013, vegeta-
tion cover was surrounded by the water body.
Also, in 2007 and 1985, vegetation cover density
of wetland can be seen. For a better study, the
NDVI index graph in the years 1985-2018 is
also calculated and is shown in Figure 6, and
based on the results of the survey on the indice
(NDVI), in cases where the wetland area is
lower, the wetland vegetation cover density in
these areas are less and vice versa. In 2007, the
highest average value of the NDVI was achieved,
and the lowest was in 2018.

Discussion

The trend of area change based on images
(Fig. 2, seecolortab) indicates that the western
part of the wetland has been aqueous during this
period and has not significantly changed. On the
other hand, the central part of the wetland had
severe fluctuations, and it can be said that 2007
and 2013 had better situation, and in general,
the eastern part of the wetland has a small water
body.

Due to the Anzali wetland climate, rainfall
increases from east to wesl, and the evaporation
also increases from west to east [15]. Also in

terms of topography of the wetland, the rate of
water entering the eastern and central parts of
the country drains is more than the west, which
causes the fluctuations of the water body in the
west of the wetland is less [12, 19]. The average
drain of 10 major rivers entering the wetland
is estimated to be 76 m?*/s or 2400 MCM (Mil-
lion Cubic Meter), this is less in May and June
(JATICA 2005). It should be noted that the taken
images of this study belonged to this interval and
had the same conditions. However, due to the
region’s climate (relative frequency of rainfall in
the hyrcanian climate) and the relationship be-
tween Anzali wetland and Caspian Sea, fluctua-
tions in the Caspian Sea surface affect the Anzali
wetland hydrology [20-22]. Figure 7 (see color
tab) shows the relationship between the wetland
and the Caspian Sea (Retrieved from [23]).
The JICA report also significantly affects the
Anzali wetlands> surface water level, indicating
that discharge of river into the wetland had a
small effect on wetland water change [24]. In
this case, water movement direction in the Anzali
wetland in the summeris from the sea to the wet-
land (water-rise) and reverse in the winter [25].
In the study of Mirzaei [26] in Gomishan
wetland, it was observed that in summer, un-
like temperature increase and evaporation,
the amount of water in the Gomishan wetland
increased and in the spring and summer, re-
spectively, there was a receding of water and
water-rise on the eastern shore of this wetland.
The results showed that the water body of the
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Anzali wetland in 2007 was the highest despite
the decreasing annual precipitation trend in
2007 (based on the data of the Bandar-e-Anzali
rainfall station, Fig. 4). Therefore, in order to
better investigation, the Caspian Sea surface was
examined (Fig.8,see colortab) (https://ipad.fas.
usda.gov). It should be noted that the Caspian Sea
level is measured at the Bandar-e-Anzali, where
the wetland is connected to the sea [15]. Regard
to the figure, process of increasing the area of the
wetland could be explained. In other words, the
level of the Caspian Sea has begun to increase
since the middle of the 70’s and fluctuations are
observed in the 1990s [27].

According to the previous reports [28] on
Anzali wetland during the period 1940-1966,
the area of the wetland reached from 259 km?
in 1940 to 54.3 km? in 1966. On this base, the
Caspian Sea level fluctuation is related to the
area changing of the water body in the years of
the study [28] and the present study. The trend
was similar to the depth of the wetland, accord-
ing to the studies [19], the depth of the western
part of the wetland ranged from 11.8 meters in
1921 to 1-1.8 meters in 1974.

In fact, we can identify two periods according
to the water body fluctuation: the period of the
spread of the wetland (1985-2007), the period of
reduction of the water body (from 2013 to today).
Other involved factors which could be also as a
threat to the wetland include high sedimentation
rate of entering rivers into Anzali wetland.

According to statistics [11], 303 thousand
tons of sediment is entering the wetland, which
has the largest share in the country (upstream
and highlands). 50% of which are deposited
in the wetland and 50% enter the Caspian
Sea [11].

But due to the human structures that have
been created in the wetland in recent years (the
construction of a bypass and a breakwater 2 in
the direction of the outlet of the wetland), this
natural process has encountered a problem and,
asyou can see, in 2013 and 2018, the surface area
of water body of the wetland has decreased com-
pare to the same period. According o experts,
due to the sediment loading in the wetland, the
decline in the depth of the wetland from 4-6
meters in the last few decades has reached less
in some areas of the wetland [12]. According to
Sabetraftar studies [29], the total sediments de-
posited in the wetland are estimated to be 539644
tons per year and 75 percent of it deposited. Due
to its bulk density, more than 43,000 tons of
wetland volumes are lost annually [30].

Hydrological studies also showed that the
average sediment of mountainous areas is 110
tons per square kilometer, and in the plain and
post area is 200 tons per kilometer, which is the
source of more sediments in the wetland from
the plains [12, 29].

The survey image of NDVIindexes shows
that in the parts of water body of wetlands in
2013 and 2018, vegetation cover can be due to
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Fig. 6. Average NDVI annual values in the studied years
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these environmental changes in the wetland.
On the other hand, the growth of aquatic
plants in the wetland has been increasing in
recent years and the wetland is affected by a
non-native species called Azollafili coloides,
which is more than the other parts of the east
and central [12].

Among other issues related to water body
and vegetation cover, changes in the uses of
wetlands in order to farming and cultivate rice
(paddy field) can be mentioned. According to
previous studies, the extent of vegetation cover
in Anzali wetland depends on changesin the level
of the Caspian Sea and its shelf life and influence.
According to [19], the growth of plants on the
coastline of the wetland increased during the pe-
riod 1956—-1974. For example, the Trapanatans
trapped around the central part of the wetland,
and in the later period, due to the development
of emerge plants (Phragmites sp. and Typha sp.)
dropped from the cover and reduced the water
body during this period.

Drainage of water of wetland for agriculture
and the entry of sediments and nutrients from
the Sefid-Rud Basin, has led to an increase
in sedimentation and delta building and the
growth of macrophytes. Accordingly, after the
construction of the Sangsar and Tarik dam
from 1966—-1985, due to the arrival and volume
of high sediments, 1300 hectares was added to
the area covered by the (Phragmites sp. and
Typha sp.) and showed in the eastern part of
the wetland.

Rainfall is one of the most important factors
affecting vegetation, fluctuation and year-to-
year variation will affect vegetation cover. In [9],
there was a positive correlation between annual
precipitation and vegetation cover.

In the study of Afrakhteh [30], the survey
of vegetation changes in Hooral-Azim Wetland
showed that the amount of rainfall effects in
the area of the wetland and vegetation area is
prominently evident. In the present study, in
1985, this trend and volatility observed in the
following years.

Investigation of aquatic plant surrounding
Anzali wetland shows thatitis mainly influenced
by the area of the water body, not to the precipita-
tion rate. It is better to have vegetation in years
where the area of the water body is greater. The
growing increase of aquatic plants in the wetland
should also be mentioned in this regard. Accord-
ingly, considering that the western part of the
wetland has a larger volume, most submerge
plants, and vice versa, are often found in floating
and emerge plants in the south and east [31]. In

the survey image of the NDVI indexes, we see
relatively more areas of southern and eastern
wetland densities of vegetation cover. This is
evident even though these areas are affected by
urban wastewater and agriculture [11].

East of the wetland is the shallowest part
of the wetland, and the aquatic plant growth
in this part is very high and its depth is 0.8
to 1.5 m. Agricultural, industrial and urban
waslewaters in this section have a large share
(more than 70%) in contributing to the pollu-
tion of the wetland. In the eastern part of the 5
important rivers and drains enter the wetland,
which are: Sheyjan, Ramzanbekandeh, Ghan-
nadi, Lalehka, Bijroud River [11]. According to
the present study, the expansion of farm lands
in the margin of Anzali wetland and other ac-
tivities such as livestock, fishing, the construc-
tion of fish farming ponds and other economic
activities has led to changes and even aggres-
sions to its bed and its buffer. Due to successive
droughts and dam construction in recent years,
fluctuations in the level of Caspian Sea waler
and unauthorized drilling and uncontrolled
exploitation of groundwater resources and the
construction of irregular watertight networks
have caused the drying of the bed and reced-
ing of the wetland. Considering that the listed
of Montreux Record is the wetland, in such a
situation, it is necessary to seriously protect
the buffer and determine its extent, and the
fundamental consideration of changing human
behavior in relation to the right to use buffer
wetland, as a major dilemma and concern for
water authorities is mentioned.

Conclusions

Inland waters, such as wetlands, are consid-
ered as sensitive ecosystems, which sustainable
exploitation is possible only through adopting
an appropriate environmental approach.

Considering that Iran is one of the dry coun-
tries, il is necessary to develop water resources
that are usable and to maintain and improve their
quality. Therefore, the knowledge of the dynam-
ics of these resources provide the development
of appropriate policies along to timely extract-
ing information to minimize damage to these
resources. The results of this study showed the
effectiveness of this tool with the observation of
NDWI and NDVIindices in identifying critical
points and historical changes of Anzali wetland
and better understanding of the dynamic condi-
tions of the wetland during a 33-year period and
can be used to adopl appropriate management
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and improve wetlands as a template for being
used in other water sources.

We thank Gorgan University of Agricultural
Sciences and Natural Resources (GAU), Gorgan,
Iran, for its support.
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