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Abstract: Wetland Surface Temperature (WST) maps are an increasingly important parameter to understand the extensive
range of existing processes in wetlands. The Wetlands placed in neighborhoods of agricultural and industrial lands are exposed
to more chemical pollutants and pesticides that can lead to spatial and temporal variations of their surface temperature.
Therefore, more studies are required for temperature modeling and the management and conservation of these variations in
their ecosystem. Landsat 8 time series data of Sulduz region, Western Azerbaijan province, Iran were used in this study. The
WST was derived using a mono-window algorithm after implementation of atmospheric correction. The NDVI (Normalized
Differential Vegetation Index) threshold method was also employed to determine the surface emissivity (g,). Our findings
show that the WST experienced extensive spatial and temporal variations. It reached its maximum value in June and also
experienced the highest mean in the same month. In this research, August (12.08.2013) had a lowest spatial standard deviation
regarding surface temperature and June (28.06.2013) had the highest one. Wetlands' watersides adjacent to industrial zones
have a higher surface temperature than the middle lands of these places. The map obtained from the WST variance over time
can be exploited to reveal thermal stable and unstable zones. The outcome demonstrates that land use, land cover effectively
contribute to wetland ecosystem health. The results are useful in the water management, preventive efforts against drying of
wetland and evapotranspiration modeling. The approach employed in this research indicates that remote sensing is a valuable,
low-cost and stable tool for thermal monitoring of wetlands health.
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Iran Sulduz bolgesinde Landsat-8 uydu goriintiileri kullamlarak sulak
alanlarin yiizey sicakhi@inin mekansal ve zamansal olarak modellenmesi

Ozet: Sulak alanlarin yiizey sicaklik (WST) haritalar1, sulak alanlarda mevcut siireclerin genis kapsamli olarak anlagilmasinda
giderek daha 6nemli bir parametre haline gelmektedir. Tarim ve sanayi arazilerine komsu sulak alanlar, daha fazla kimyasal
kirletici ve pestisite maruz kalmasi nedeniyle, ylizey sicakliginin mekansal ve zamansal degisimlere neden olabilmektedir. Bu
nedenle, sicaklik modellemesi ve zamansal ve mekansal degisimlerin tespit edilmesi, sulak alan ekosistemlerinde korunmasi
ve yonetimi igin daha fazla cahisma gereklidir. Bu galismada, fran Sulduz bélgesine ait Landsat 8 zaman serisi verileri
kullanilmistir. WST haritalari atmosferik diizeltmeler yapildiktan sonra tek pencere (mono-window) algoritmalar: kullanilarak
tiiretilmektedir. Ayrica Normallestirilmis Fark Vejetasyon Indeksi (NDVI) (Normalized Differential Vegetation Index)’de
yiizey emisyonunu belirlemede kullanilmaktadir. Bulgularimiz WST haritalarinin genis zamansal ve mekansal varyasyonlar
icerdigini gostermistir. En yliksek deger ve en yliksek ortalama Haziran ayinda olmaktadir. Arastirmada yiizey 1s1s1 agisindan
Agustos ay1 (12.08.2013) en diisiik mekansal standart sapmay1 gosterirken, en yiiksek mekansal standart sapma degeri ise
Haziran ay1 (28.06.2013)'nda olmustur. Endiistriyel alanlara bitisik sulak alanlar daha i¢ kisimlardakilere nazaran daha yiiksek
yiizey 1sisina sahiptirler. WST’lerden elde edilen haritalar 1sisal olarak stabil ve stabil olmayan alanlarin belirlenmesinde
kullanilabilir. Sonuglar; arazi kullanimi ve arazi Ortiisiiniin sulak alanlar ekosisteminin saglik durumunu etkiledigini
gostermektedir. Bu agidan elde edilen sonuglar, su yonetimi, sulak alanlarin kurumamasi i¢in alinabilecek 6nlemlere ve
evapotranspirasyon modellemesine katkida bulunacaktir. Bu ¢alismadaki yaklasim; uzaktan algilamanin degerli, diisiik
maliyetli ve sulak alanlarin sicaklik degerlerinin izlenmesi agisindan son derece uygun bir ara¢ oldugunu gostermektedir.
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1. INTRODUCTION

Wetland Surface Temperature (WST) maps are an increasingly important parameter to understand the
extensive range of existing processes such as follows: evaporation and surface water transfer patterns (Strub
and Powell, 1986; Strub and Powell, 1987; Steissberg et al., 2005; Oesch et al., 2008), Monitoring water
quality (Reinart and Reinhold, 2008; Coats 2010), Phytoplankton dynamics and primary production
(Wooster et al., 2001; Thiemann and Schiller 2003), Oxygen concentration in water (Matzinger et al.,
2007), and the denitrification rate (Bremner and Shaw 1958; Beauchamp et al., 1989). Warming of wetlands
leads to the water thermal stability and resistance to mixing, which on one hand may increase growth of
harmful algae (Paerl and Paul 2012), and on the other hand, affects aquatic animals' colonies (Jeppesen et
al., 2012). Further, the wetlands where located adjacent of agricultural lands receive heavy sediment loads
(Piano and Wang 2011), chemical fertilizers and pesticide (Klotz 1985; Sharpley and Withers 1994;
Harding et al., 1999; Gleason et al., 2003; Relyea 2005). A large influx of these harmful materials results
in spatial and temporal variations of the WST, which affects these ecosystems substantially (Mortsch and
Quinn 1996; Bergstedt et al., 2003; Cooke et al., 2004; Gillet and Péquin 2006; Ham et al., 2006).

Effective wetlands management requires thorough understanding of ecosystem components and the way in
which they interact (Gilman 1994). Accordingly, wetlands temperature is an influential and principal
component on the environment. Although, estimation of this parameter by traditional methods like ground
sampling and interpolation is a costly and time-consuming procedure, remote sensing is a powerful tool for
studying environment which can provide systematic and periodic coverage of the inaccessible regions
(Dash et al., 2002; Novo et al., 2006; Alcantara et al., 2009). Moreover, remote sensing obtains information
in digital format which can be easily integrated with the other geographic information or merely utilized
for quantitative modeling (Lamaro et al., 2013). Studies were performed regarding the application of remote
sensing and satellite imagery in the calculation of the WST (Mustard et al., 1999; Cherkauer et al., 2005;
Zoran et al., 2005; Ahn et al., 2006; Alcantara et al., 2010; Gibbons and Wukelic 1989), in which
researchers employed different sensors such as AASTR (Schneider et al., 2009), MODIS (Wan 2008;
Chavula et al.,, 2009), AVHRR (Bussiéres and Granger 2007), Landsat (Oesch et al., 2008)
ASTER (Steissherg et al., 2005) and SEVIRI (Nehorai et al., 2009) to estimate this parameter. To
recapitulate these studies, we can state that more researches are required for spatial-temporal variation
modeling of WST which facilitates the management and conservation of these ecosystems.

2. MATERIALS AND METHODS
2.1 Study Area

The study area is Sulduz region at an elevation of 1,300 meters above sea-level, located in West Azerbaijan
Province, northwest of Iran (Figure / Sekil 1). The climate of the West Azerbaijan province is Semiarid,
and is characterized by hot and dry summers, and wet and cold winters. This area possesses important
wetlands such as Yadegarlou, Dashdurgah, Shourgol, Hassanlou, Agh Ghale, Seiran Goli and Sulduz Goli
where hosts thousands of migrating birds. They play a key role in moderation of climate and ecosystem of
this region. Further, Yadegarlou, Shourgol and Dashdurgah are among registered wetlands in the Ramsar
convention on wetlands. Inasmuch as Sulduz wetlands located in the south of Lake Urmia, Area shrinkage
or drying of these places can deteriorate the vulnerability of groundwater resources to infiltration of salty
water that makes worse drought impacts consequently. The dominant land use, land cover types in the
region include agricultural lands, residential areas, grasslands, wetlands and conservation lands.

2.2. Data and Processing
Suitable spatial and temporal resolutions of Landsat imagery and free access to them are reasons behind
the selection of this satellite to study the mentioned wetlands of this region. Red, infrared and thermal bands

related to 21 time series of the satellite (Path/Row: 168/34 & 169/34) were used in this study
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(Table / Tablo 1) (Figure / Sekil 2). PC Spectral Sharpening algorithm (Welch and Ehlers, 1987) was used
to sharpen the low resolution multi-band TM® images using 15 meter panchromatic band.
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Figure 1. Study area (Sulduz region, Naghadeh city)
Sekil 1. Aragtirma alani (Sulduz bolgesi, Naghadeh sehri)

Table 1. Landsat 8 specification
Tablo 1. Landsat 8 6zellikleri

1) Landsat-8 OLI and TIRS

2) Bands Wavelength (pm) Resolution (m)
Band 1—Coastal aerosol 0.43-0.45 30
Band 2—Blue 0.45-0.51 30
Band 3—Green 0.53-0.59 30
Band 4—Red 0.64-0.67 30
Band 5—Near infrared (NIR) 0.85-0.88 30
Band 6—Short-wave infrared (SWIR 1) 1.57-1.65 30
Band 7—Short-wave infrared (SWIR 2) 2.11-2.29 30
Band 8—Panchromatic 0.50-0.68 15
Band 9—Cirrus 1.36-1.38 30
Band 10—Thermal infrared (TIRS) 1 10.60-11.19 100
Band 11—Thermal infrared (TIRS) 2 11.50-12.51 100
Cloud problem 2013 Cloud¢
f————y ___________________________________________________________________________Je=
YREL 89BN E DI HLEEREY
S S SEEEEEBEa2EEesE T

Figure 2. Landsat 8 time series (07:40 GMT)
Sekil 2. Landsat 8 zaman serileri (07:40 GMT)
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The Landsat of 23 March 2013 is geo-referenced, using the nearest neighbor resampling method along with
second degree polynomial equation and a 1/25000 topographic map of the area. Further, the other
multitemporal Landsat 8 of 2013 is co-registered for 23 March 2013 imagery. The root mean squared error
(RMSE) of less than 0.49 pixels (=7 meters) has been attained.

The radiometric conversion of digital numbers (DN) to physical variables such as temperature requires
radiometric calibration (Wukelic et al., 1989) and atmospheric correction (Cooper and Asrar 1989). DN
values were converted to at-sensor radiance using the gain and bias coefficients of the detectors (Lamaro
etal., 2013):

L, = gain * DN + bias @
Where L, is the uncorrected spectral radiance at A wavelength, DN the digital number, and gain and bias
the calibration parameters of detectors. Gains and Biases of Landsat 8 thermal bands are as:
Gain (Band10&11) = Band-specific multiplicative rescaling factor = 3.3420E-04

Bias (Band10&11) = Band-specific additive rescaling factor = 0.10000
The equation used for atmospheric correction was (Srivastava et al., 2009):

LA_LAup_l_g/I*L )
t % & & Adown

Ly =

In this equation, Lyr,is the corrected land surface radiance, L, is the uncorrected spectral radiance
calculated in Eq. (1), Ly, is the upwelling radiance, t is the atmospheric transmissivity, €, is the water
emissivity, Lygown i the downwelling radiance. Ljgown, Layp and t are atmospheric parameters which were
obtained from Atmospheric Correction Parameter Calculator (http://www.atmcorr.gsfc.nasa.gov). That
uses MODTRAN simulator (Barsi et al., 2003). NDVI threshold method was applied to determine the
surface emissivity (g;) and this parameter was divided into three categories according to NDVI values
(Sobrino et al., 2004) :

3) NDVI< 0.2: indicates bare soil, and emissivity of bare soil is regarded as: gg.;; = .97

4) NDVI> 0.5: represents areas with dense vegetation cover, and emissivity of vegetation cover is
assumed as: &yeg=.99

5) 0.2<NDVI<0.5: the pixels in this case are mixture of soil and vegetation cover. Emissivity (&nyix) iS
calculated according to the following equation:

€= Epeg * B, + &50u«(1— P) @)

Where P, is proportion of vegetation cover and is computed as:

B ( NDVI — NDVlIpn )2 4)
v \NDVlIygy — NDVIin
In this equation, NDVI,;;;, = 0.2 and NDVI;,,, = 0.5

Normalized differential Vegetation Index (NDVI) is one of the most popular methods for monitoring
vegetation cover (Binh et al., 2005).

TMs — TM, (5)
NDVI = (——2
(TM5 + TM4>

Corrected surface radiance (Lyr, ) were converted into surface temperature using Eq.6

K, (6)

T,= —2
K
ln( 1 )
LA(TS)+1
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Where Ty is surface temperature, K, calibration constant, (band 10, 11 = 774.89, 480.89), L)(r,, the
corrected surface radiance and K, is another calibration constant (band10, 11 =1321.08, 1201.14)
respectively. Both of the thermal bands of Landsat 8 (band 10&11) images were used to compute surface
temperature which was calculated for these bands individually and then, the average was assessed
accordingly.

3. RESULTS AND DISCUSSION

In this study, the spatial and temporal distribution of Sulduz wetlands was investigated using Landsat 8
imagery. Figure 3 illustrates the WST in the course of the study.
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Figure 3. Spatial and temporal distributions of wetlands surface temperature (°C) in 2013
Sekil 3. 2013 yilinda sulak alanlarin yiizey sicakliginin (°C) mekansal ve zamansal dagilimi
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According to Figure / Sekil 3, WST experienced great spatial and temporal changes. The histogram
distribution of surface temperature is shown in Figure / Sekil 4.

Wetlond Surface Temperature

s000 1 — 03-23
C 1 — 04-28
4000~ l J — 06-08
C 1 — 06-15
3000 - ] —07-01
C I ) ] 07-10
2000 \’L 3 07-10
- [ ‘ ]
1000 \ : ‘, | \ ]
C \ ]
C M ‘|' P, ]
ok et s
10 29 40
Data Value
Wetland Surface Temperoture
2000 11— 07-26
- I 4 — 08-02
r il 11— 0811
6000 | | ‘ . 08-18
- ] 08-27
- 1 — 09-03
400t ‘l 71— 09-12
- ; ]
2000} \N 1 \ _
: VLR W :
0 = . — =
15 20 5 35 40
Data Value
_ Wetland Surface Temperature _
- 4 — 09-19
6000 JE—=109228
L 4 — 10-05
i ] 10-14
4000 ] 10-30
+ 4 — 11-06
i 1 — 11-15
2000 =
0 T T L T >" ' - T -
0 10 29 30
Data Value

Figure 4. The histogram distribution of the WST in 2013
Sekil 4. 2013 yilinda sulak alanlarin yiizey sicakliklarinin (WST) histogram dagilimu

In this study, 21 different times of Landsat 8 imagery of 2013 were used. Figure / Sekil 5 depicts the
average, the maximum, and the minimum values of the WST for each time.
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Figure 5. The minimum, maximum and average values of the WST by time
Sekil 5. Sulak alanlarin yiizey sicakliklarinin (WST) zamana gére minimum, maksimum ve ortalama degerleri

The maximum value of the monthly temperature of Sulduz region is in July and Figure 5 confirms this term
partly. Accordingly, WST of July (10.07.2013) has the highest value in both of maximum and average
values. These results indicate that the WST is substantially affected by the air temperature. Meanwhile, the
minimum value of WST corresponds to the November (06.11.2013). Spatial variations of the WST may be
affected by numerous factors such as air temperature, entering the water flow to wetlands, entrance of
industrial or agricultural pollutants, overgrowth of plants and biological activities. The standard deviation
of spatial variations of wetlands temperature in the course of this study is illustrated in Figure 6.

Standard Deviation

3.5

N
(8.}

TT T[T T T[T I T [ TTT[TTT 7T

NETEN AT EU AT AN AR AT AT AV AT

5 10 15 20
Date

Figure 6. The standard deviation of the WST in the course of this study
Sekil 6. Sulak alanlarin yiizey sicakliklarmin (WST) bu ¢alisma sirasindaki standart sapma degerleri

It shows August (02.08.2013) has the lowest spatial deviation of WST, which means the difference between
the maximum and minimum range of temperature in August is low, and also high homogeneity prevails
over the WST. On the other hand, June (28.06.2013) has the highest standard deviation that indicates
heterogeneity, scattering and high thermal differences at this time. The overall average of the WST in
Sulduz region is depicted in Figure / Sekil 7.
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Figure 7. The average and histogram of the WST (°C) in 2013.
A: residential and industrial regions, B: agricultural lands, C: aquatic plants
Sekil 7. 2013 yilinda sulak alanlarin yiizey sicakliklarinin (WST) (°C) ortalama ve histogram dagilimi
A: ikamet ve endiistri bolgeleri, B: tarim alanlar1, C: su bitkileri

Figure / Sekil 7 shows that agricultural lands, industrial and residential areas located in the adjacent and the
upstream part of wetlands can affect this ecosystem. The overgrowth of the aquatic plants can be seen in
this figure. The shores and banks adjacent to industrial regions have higher surface temperatures than the
central ones.

During the time, fluctuations and variations of WST have local differences. Figure / Sekil 7 depicts the
temporal variance of these differences. It is apparent that those areas in the wetlands where they have higher
variance experienced more severe temperature variations (Figure / Sekil 8). On the contrary, the low
variance indicates stability and high thermal inertia throughout the time.
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Figure 8. The temporal variance and the corresponding local differences of the WST in 2013. High values (red
colure) show high temporal variance and vice versa low values (blue colure) is the regions with high thermal inertia

Sekil 8. 2013 yilinda WST’ye karsilik gelen yerel ve zamansal degisiklikler. Yiiksek degerler (kirmizi renk) yiiksek
zamansal degisimi ve diigiik degerler (mavi renk) yiiksek 1s1l durgunluk oldugunu gostermektedir.

Due to entering agricultural and industrial pollutants in wetland ecosystem and also variations of water and
air temperature, Wetlands vegetation covers fluctuate over time. In this study, NDVI was used to analyze
the variation of vegetation cover. The NDVI value fluctuations have been displayed in Figure / Sekil 9.
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Figure 9. Wetlands NDVI variations in 2013
Sekil 9. 2013 yilinda sulak alanlarin NDVI degisimleri

Correlation analysis was employed to assess the relationship between variations of vegetation cover and
the WST changes. The resulting correlation coefficient between temporal changes of vegetation cover and
the WST was found equal to 0.8. A scatter plot can suggest various kinds of correlations between variables.
The relationship between the first component of NDVI time series (namely PC1) and the first component
of the WST time series (namely PC1) is illustrated in Fig.10. By increasing of the vegetation cover area,
the WST increased. However, the decrease of NDVI value and enlarging water coverage resulted in low
WST. With regard to the relationship between these parameters, wetlands are categorized into 3 classes:
1) deep water, 2) shallow water with sparse vegetation cover and 3) shallow water with dense vegetation
cover. Because of extensive water area, the concentration of scatter plot point in the first class is higher
than the other classes.
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PC1_NDVI

Figure 10. The scatterplot corresponding to first component of NDVI and the first component of WST
Sekil 10. NDVI ve WST ilk bilesenine karsilik gelen sagilim grafikleri

Our findings show that the WST has different spatial and temporal distribution. Wetlands banks have higher
WST values due to low depth, dense vegetation cover, more soil coverage and adjacency to residential,
industrial and agricultural zones. Since water has a higher specific heat and thermal inertia than soil and
vegetation, these properties leads to later warming of water in comparison to soil and vegetation cover
during daytime. Matzinger et al., (2007) stated that oxygen concentration in water is sensitive to the
temperature and global warming. Accordingly, the map related to spatial distribution of the WST is useful
for illustrating the distribution of soluble oxygen concentration in water. Therefore, these maps can be
beneficial for the management and monitoring health of the aquatic creatures. Temperature and moisture
regimes are among the key variables that determine the distribution, growth and productivity, and
reproduction of plants and animals. Changes in hydrology can influence species in a variety of ways, but
the most completely understood processes are those that link moisture availability with intrinsic thresholds
that govern metabolic and reproductive processes (Burkett et al., 2005). Temperature can exert its influence
on species through changes in moisture availability. The high variability of water temperature can lead to
many harmful effects on the aquatic creatures and the birds in the wetlands. On the other hand, regions with
low thermal fluctuations indicate ecosystem health and stability. By taking into consideration that the study
region covers a small area, its climate can be assumed homogenous. Therefore, spatial differences in the
WST cannot contribute to different climatic conditions. This phenomenon is usually occurs as a result of
influx of different pollutants into these areas which leads to increase of the spatial standard deviation of the
WST. The resulting map from the temporal variance of WST can reveal thermal stable and unstable zones
where the unstable ones can take priority for field investigation in terms of the influx of pollutant materials
into wetlands, and ecosystem degradation susceptibility mapping.

The study findings show that evaporation, water area shrinkage and increase of lands coverage along the
wetlands banks result in rise of temperature in these regions. If these adverse conditions persist, the rise of
the ground surface temperature will also have an incremental trend. These results confirm the key role of
wetlands in moderating of the ground and air temperature. Further, consideration of the correlation analysis
suggests a meaningful relationship between thermal variations and the vegetation cover.

Wetlands of Sulduz region is located downstream of agricultural lands where Entrance of the agricultural
sediments and pollutants leads to decrease of their depth on the one hand and intensifies the overgrowth of
aquatic plants on the other hand. Thus, agricultural activities affect the WST fluctuations indirectly.
Accordingly, the outcome demonstrates that land use land cover effectively contribute to wetland
ecosystem health. The study findings are useful for the water management, prevention from drying of these
locations and evapotranspiration modeling.
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The approach employed in this research indicates that remote sensing is a valuable, low-cost and stable tool
for thermal monitoring of wetlands health. However, more extensive application was limited by the cloud
cover problem which resulted in a decrease of the temporal coverage related to cold months of the year. To
overcome this problem, use of other sensors imagery such as AVHRR and MODIS along with Landsat 8
imagery is recommended.
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