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ABSTRACT 

Ponding excess water is a serious problem in Hungary since it causes a significant loss of agricultural 

production in damage in large rural regions. Ponding water damages the crop in the field which leads to a 

significant decrease of NDVI and crop growth.  It is important to identify the location, spatial extension 

and severity of excess water inundation in agricultural areas. This study is done over northern region near 

Tisza River and South region near the city Szeged in Hungary. Remote sensing techniques especially 

microwave remote sensing can be used for mapping and quantitative estimating of ponding excess water 

inundation. Microwave remote sensing can monitor agricultural fields without the influence of cloud cover. 

Because of the improved revisit time and high resolution, the recently launched satellite, Sentinel-1, was 

used in this research. This study aims to map ponding excess water and assess its effects on crops with 

Sentinel-1 images, supported by field information in combination with other type of remote sensing 

products such as Sentinel-2 and multi spectral images derived from drones plus geospatial data such as 

DEM. 

 

Backscatter, rainfall and soil moisture time series was used together for detecting the ponding water. 

Ponding water usually has low backscatter value (less than -14 dB). Polarization ratio can also be used to 

monitor the crop growth condition. Polarization ratio time series from Sentinel-1 share a good 

relationship with NDVI time series which derived from Sentinel-2. Specific soil texture affects the 

infiltration rate and leads to the occurrence of ponding water. Naturally low lying areas are more prone to 

ponding water. 

 

According to the statistic of the mapping result based on images from October, 2015 to October, 2016 

about 91.4 km2 areas were affected by the ponding water over northern study area. 79.5 km2 South study 

area was affected by the ponding water. For northern study area, most of ponding water stayed in the field 

during from January to February. For South study area, most of ponding water stays in the field from 

February to March. 

 

Keywords: Ponding water, Sentinel-1, Sentinel-2, Agricultural field, backscatter time series analysis 
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1. INTRODUCTION 

1.1. Background  

Ponding excess water is surplus water from excessive precipitation, snow melt or upwelling groundwater. 

It usually occurs on flat surfaces and results in temporary inundation because of insufficient evaporation, 

runoff and absorption capability of soil (Pásztor et al., 2014 & Leeuwen et al., 2013). Ponding excess water 

is regarded as a serious problem in several lowland European countries (Karoly, et al., 2013). More than 45% 

of Hungary’s area is lowland which is threatened by ponding excess water inundation (Kuti et al., 2006). 

Figure 1 shows the inundation affected area in Hungary since 1935. It can be seen that the affected area 

can reach 400-600kha in some years. In 2016, there was about 100 kha area affected by ponding excess 

water. 

 

Figure 1  Inundation affected area in Hungary1 

Ponding excess water can be regarded as a hazard for it can pose damage in agricultural regions (Pásztor et 

al., 2014). The main reason of the damage is that the ponding water blocks the uptake of oxygen and 

nutrient (Karoly et al., 2013). When ponding excess water occurs, the soil becomes saturated. It prevents 

root growth, leaf area expansion and photosynthesis (Ciampitti et al., 2015). The occurrence of ponding 

excess water prevents agricultural field activity such as ploughing, seeding and harvesting which affects the 

quantity and quality of agricultural products.    

 

It is important to identify the location, spatial extension and severity of inland excess water inundation. 

Authorities can use this information to carry out preventive measures. Remote sensing techniques can be 

used for mapping and quantitative estimating of ponding excess water inundation (Leeuwen & Tobak, 

2014). Either the remote sensing images from optical or microwave sensors can be used to monitor, 

                                                 
1 from https://www.vizugy.hu/index.php?module=documents&programelemid=13, accessed 2017. January 5.) 
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forecast and assess the damage caused by the inundation (Jeyaseelan, 2003). However, the availability of 

suitable multi-spectral imagery is limited by cloud cover and heavy vegetation canopies (Xie, Sha, & Yu, 

2008). Alternatively, microwaves can penetrate cloud cover and, in addition, the backscatter signature of 

water is distinctive compared to that of vegetation (Joyce et al., 2009). Synthetic Aperture Radar (SAR) 

offers the possibility to operate day and night which makes 24-hour flood monitoring available (Desnos et 

al., 2000). Therefore, SAR appears to be an ideal sensor for the detection of inundated areas, although the 

optical imagery is more straightforward in terms of interpretation of the signal. 

 

The Sentinel-1A satellite of the European Space Agency (ESA) launched in 2014 and its twin satellite, the 

Sentinel-1B launched in 2016 can acquire SAR images. Compared with its predecessors such as ERS-1/2 

SAR and ENVISAT ASAR, its revisit time and coverage are dramatically improved (Torres et al., 2012). 

The satellite carries a C-band SAR sensor which offers medium and high-resolution imagery in all weather 

conditions (ESA, 2016b). Those features make Sentinel-1 more suitable to acquire data over crop growing 

regions and map crop fields. 

 

1.2. Research problem 

Because of the flat topography, excessive precipitation, high groundwater table, insufficient evaporation 

and infiltration, Hungary faces the problem of ponding excess water which brings a huge loss of 

agricultural production. Remote sensing techniques have a large potential for mapping ponding excess 

water and for the quantitative estimation of its influence. Especially, Sentinel-1with its SAR sensor has a 

potential for mapping the extent of this hazardous phenomenon. Therefore, in this study, ponding excess 

water was analysed by this advanced satellite to assess its spatial and temporal distribution and provide 

essential information related to prevention and management. 

1.3. Research objective 

1.3.1. General objective 

To map ponding excess water and assess its effects on crops with Sentinel-1 images, supported by field 

information and other remote sensing/geospatial data such as Sentinel-2 and drone images as well as 

DEM. 

1.3.2. Specific objective 

Three specific objectives are listed below to achieve the general objective of this research: 

1) To identify ponding excess water by using multi-temporal Sentinel-1 images  

2) To identify the land cover of agricultural areas by using multi-spectral images from Sentinel-2 data. 

3) To assess the effects of ponding excess water on agricultural areas based on the time series analysis of 

SAR backscatter, rainfall, soil moisture and NDVI data. 
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1.4. Research questions 

The following research questions are formulated to achieve the specific objectives : 

1) How can inundation be identified by using Sentinel -1 data? (Specific objective 1) 

2) How to identify agricultural fields by using multi-temporal NDVI features? (Specific objective 2) 

3) How to classify the inundation area, permanent water bodies and map the ponding water in 

agricultural fields? (Specific objective 1) 

4) How large area of crops is affected by inundation (Specific objective 3) 

5) Which kinds of crop are vulnerable to the inundation? (Specific objective 3) 

1.5. Novelty of the research 

This research made it possible by the launch of a new generation of satellites which are suitable to monitor 

and map the areas affected by surface ponding excess water in agricultural fields and provide important 

information for preventive management actions. Sentinel-1 has not been used extensively to obtain data 

for mapping ponding excess water in Hungary. Most likely the Sentinel-1 images have a large potential for 

inundation monitoring, especially in the agricultural areas, but this has to be proven.  
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2. LITERATURE REVIEW 

2.1. Review of ponding excess water mapping 

Ponding excess water strongly influence the Great Hungarian Plain in Hungary, especially in agricultural 

fields (Mezosi, Bata, Meyer, Blanka, & Ladanyi, 2014). Agricultural fields as the most vulnerable areas 

require more accurate and reliable maps related to the hazard and occurrences of ponding excess water. In 

order to develop plans to reduce the impacts, several organizations in Hungary such as University of 

Szeged attempt to map ponding excess water. The first attempt to map the hazard with remote sensing 

dates back to the early 1980s. Then, more ponding excess water mapping was done on the north-eastern 

and southern regions of the Great Hungarian Plain (Bozán et al., 2008 & Pásztor et al., 2014).   

 

With the development of remote sensing, satellite images have been used in mapping surface inundation 

for its higher efficiency and accuracy in comparison to in situ methods. Mid-resolution optical sensors, 

such as MODIS and Landsat TM can be used for monitoring ponding excess water (Guerschman et al., 

2011). But, the optical sensor has its limitations. Inundations usually happen with heavy rainfall in 

combination with heavy cloud cover. The optical sensor cannot penetrate cloud cover to obtain effective 

data from the surface. Therefore, SAR is widely used later due to its all -weather, day and night coverage.  

High-resolution images from radar satellite such as COSMO-SkyMed, Radarsat-2 and TerraSAR-X can be 

used for detecting inundated areas (Pierdicca et al., 2009; Hoque et al., 2011 & Gstaiger et al., 2012). 

Compared to these high spatial resolution sensors, the temporal resolution of Sentinel-1 is higher (Torres 

et al., 2012). A higher temporal resolution provides more frequent mapping possibility. 

 

Sentinel-1A was launched on 3th April 2014 and Sentinel-1B was launched on 25th 2016 (ESA, 2016b). 

Their sensors have four standard modes: a) Strip Map Mode has an 80 km swath and 5x5m spatial  

resolution. b) Interferometric Wide Swath Mode has 250 km swath and 5x20m spatial resolution. c) Extra-

wide Swath Mode has 400 km swath and 25x100m spatial resolution. d) Wave Mode has a low data rate 

and 5x20m spatial resolution. For each mode, it also has a selectable dual polarisation which can meet 

different monitoring and mapping demands (Attema et al., 2007). Sentinel-1 has been used, for example,  

in flood monitoring and mapping (Boni et al., 2016; Twele et al., 2016 & Schlaffer et al., 2015). The first 

Sentinel-1 map was used for monitoring a serious flood in Namibia (ESA, 2016b).  

2.2. Review of Time series analysis 

The temporal characteristics of a series data can be found by time series analysis. It is a very common 

method to monitor crop and surface inundation. Wardlow et al. (2007) used time series analysis of NDVI 

calculated using MODIS data for a large-area for crop mapping in the U.S. Central Great Plain. They 

found different crop shows different temporal patterns on the time series which reflects its crop 

phenology. Ho et al. (2011) compared the time series of NDVI acquired from MODIS with the time 
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series of soil moisture, vegetation water content, and soil/canopy temperatures acquired from AMSR-E 

over the Cooper Creek catchment. The time series analysis was used for identifying the presence of 

surface water from before to after a single flood event and they found it is a very ideal method for 

observing the crop loss from a hydrology event. Skakun (2012) proposed time series analysis of Landsat-

5/7 data acquired in the period of 2000 to 2010 for flood hazard mapping in Namibia and found that this 

method can be used even though the hydrological model is complicated and lacks some data. Moran et al. 

(2012) analysed the time series of backscatter coefficient and found it can provide relevant information of 

soil conditions and crop growth stage in Barrax, Spain.  

2.3. Water identification in SAR images 

The roughness and dielectric properties of the surface affects the backscatter coefficient (Velde, 2010). 

Different types of surface have different backscatter coefficients (𝜎°). Water bodies can be regarded as a 

flat surface on which specular reflection happens (Figure 2, a). The incidence angle (θi) is equal to 

scattering angle (θs) which makes the entire incidence wave reflect in specular direction. So, water bodies 

usually produce a low backscatter coefficient response and appear dark in the SAR image. Rougher 

surfaces can scatter the incident microwave and generate a larger backscatter response (Figure 2, b), that 

makes a bright tone in the SAR images (Velde, 2010). Furthermore, wet soil has a larger dielectric constant 

than the same surface with a lower moisture content, that results in higher backscattering and appears also 

bright in SAR images (Velde, 2010). All these characteristics can be used for ponding excess water 

identification.  

 

Figure 2 Different scattering patterns under different surface roughness condition specular (a), slightly rough (b), 
very rough(c)2.  

At present, SAR image based water extraction methods mainly include: extraction based on texture 

information, combined with terrain auxiliary information, independent component analysis and threshold 

segmentation (LingFang Zeng, Lin Li, 2015). The widely used threshold segmentation method has a 

simple principle. This method is based on the characteristics of water body in SAR image. A 

corresponding threshold value is set to separate water body and background respectively. Pierdicca et al. 

(2009), Pulvirenti et al. (2011), LingFang Zeng et al. (2015) and Twele et al. (2016) used this method to 

extract inundation area. 

                                                 
2 http://what-when-how.com/electromagnetic-waves/models-for-scattering-from-rough-surfaces-electromagnetic-waves-part-1/ 

http://what-when-how.com/electromagnetic-waves/models-for-scattering-from-rough-surfaces-electromagnetic-waves-part-1/
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2.4. Surface scattering in agricultural fields  

Radar backscattering from agricultural fields includes the volume scattering in the canopy, surface 

scattering from ground surface and multiple interactions between vegetation and ground surface. Equation 

1 shows the basic conceptual assumptions. The backscatter (in dB or in m2 m-2) from the whole surface 

(𝜎 ° ) can be considered as the sum of contribution of vegetation (𝜎𝑣𝑒𝑔
° ), soil (𝜎𝑠𝑜𝑖𝑙

° )  which is attenuated 

by the canopy and soil- vegetation pathway (𝜎𝑣𝑒𝑔+𝑠𝑜𝑖𝑙
° ) (Velde, 2010). 

𝜎 ° = 𝜎𝑣𝑒𝑔
° + 𝜎𝑣𝑒𝑔 +𝑠𝑜𝑖𝑙

° + 𝛾2𝜎𝑠𝑜𝑖𝑙
°                                                                                                            Equation 1 

where 𝛾2is the two-way vegetation transmissivity 

In agricultural areas, the analysis of surface scattering should consider the contribution of vegetation 

backscatter and soil moisture absorption (Bindlish & Barros, 2001). Different soil and vegetation 

conditions have different relationships between the backscatter coefficient and the moisture content of the 

soil (Moran et al., 2012). The contribution of vegetation backscatter includes the volume scattering 

produced by vegetation and the attenuation effect of soil on the backscattering, according to the Radiative 

Transfer Theory (Paloscia et al., 2013). The relationship between backscatter and canopy can be estimated 

by using NDVI value and polarization ratio (Paloscia et al., 2013). Bindlish & Barros (2001) found there is 

a regression relationship between backscatter coefficient and NDVI, especially in case of cross 

polarization where polarization ratio and NDVI have a higher correlation coefficient. Similar findings 

were also got by Paloscia et al. (2013). They found a regression relationship between polarization ratio and 

NDVI and found that the polarization ratio can also exhibit a rather good sensitivity to vegetation cover. 

As for the contribution of soil moisture, it is proved that there is a simple linear relationship between the 

backscatter signal and the soil surface volumetric moisture (Zribi, Baghdadi, Holah, & Fafin, 2005). As 

shown by Equation 2. 

𝜎°(𝑑𝐵) = 𝑎 ∗ 𝑊𝑠(%) + 𝑏                                                                                                                                           Equation 2 

where  𝜎 °(𝑑𝐵) is the backscatter in dB unit; a, b are coefficients; 𝑊𝑠(%) is the soil surface volumetric 

moisture 
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3. STUDY AREA 

3.1. Location 

This research was carried out in two study areas. The location of the two study area shows in Figure 3 (a). 

One of them is the agricultural region close to the Tisza Lake on the north of Hungary (Figure 3, b). This 

study area (47.8°N~47.6°N, 20.2°E~20.7°E) is located on the south-eastern edge of Heves county. This 

area is the lowest part of the county, at about 100-130 metres elevation above sea level. The second study 

area (46.4°N~46.2°N, 20.0°E~20.5°E) is the agricultural region near the city of Szeged located at the 

south of Hungary (Figure 3, c). Five test sites were chosen on the northern study area. Four test sites were 

chosen in the southern study area. The location of these test sites are shown in Figure 3 (b, c) 

 

(a) 

 

(b) 
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(c) 

Figure 3 the location of the study area (a) and the test sites map on northern study area (a) and southern study area (c) 

3.2. Climate 

In Hungary, the annual average temperature is between 10℃  and 11℃  and the annual average 

precipitation is 500-800 mm (Mezosi et al., 2014). Monthly mean precipitation and relative humidity of 

Hungary are shown in Figure 4. Most precipitation falls between May and August. But at the same time, 

potential evaporation is high in this period. So, the ponding access water usually does not appear during 

this period because of the high evaporation. However, from November to March, the precipitation 

amount is not high, and combines with low potential evaporation. When there is an excessive precipitation, 

ponding excess water usually occurs during this period due to the low evaporation.  

 
Figure 4 Monthly mean precipitations and evaporation of Hungary 
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3.3. Topography and land cover 

Both the northern and the southern study areas are mainly farmlands. The main agricultural production of 

these regions is alfalfa, rapeseed and wheat (Appendix 1). In the regions prone to the accumulation of 

ponding excess water, soils have a heavier texture ranging from clays to clayey loams. The terrain of both 

test area is flat (Mikl, 2011). It results in the high-frequency occurrence of ponding excess water in spring 

when there is an excessive precipitation or melting of snow.  

3.4. Field work and data collection 

A field work was conducted from 29th September to 16th October for collecting the necessary field data. 

The following tasks were completed during the field work: 

 Test area selection  

Test sites were selected with optimal data sets to identify surface inundation areas based on land cover 

map, drone images and in-situ identification. 

 Reconnaissance  

Observing landscape, crop type, the location of inundation and agricultural activities in the study area. 

 Drone survey over test sites 

Observing terrain details such as crop type and agricultural activities in the study area. DEM (digital  

elevation model) was also extracted from the aerial photos. 

 In-situ mapping and soil moisture measurements of  inundated area  

The outline of the water area was measured and recorded by using GPS. The in-situ soil moisture was 

measured over both inundation areas and non-inundation areas by soil moisture sensor.  

 Archive data collection  

The required archive data such as rainfall and soil moisture time series, crop information were also 

collected during the field work. 

 

3.4.1. Measurement device 

Three devices used in the field work are showed in Figure 5. The coordinates of inundated areas and non-

inundated areas were measured using the Gamin eTrex 30X GPS. The soil moisture of northern test sites 

1, 3 and 5 was measured in situ using the DELTA-T Theta soil moisture sensor (HH1 Type). A DJI 

Phantom4 drone was also used for mapping selected areas. Aerial RGB photos were taken over test sites 1, 

5 in the north and test site 4 in the southern test areas. In the north, there was no possibility of measuring 

high precision tie points, so the created DEM had an absolute elevation error more than 1 m. In the south, 

nine control points were chosen and 200 aerial photos were taken from a relative flying height of 90m 

(Figure 6). The photos were mosaicked, and then a DEM data was extracted resulting in a nominal vertical 

accuracy less than 10 cm. 
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（ a） 

 

（ b） 

 

（ c） 

Figure 5 the measurement device used in field work soil moisture sensor (a), GPS (b) and Drone (c) 

 

Figure 6 Ground control point locations used over South site 4 

 

3.4.2. Description of the observed test sites 

All the 9 test sites were visited during the field work. The farmer showed the area which is often affected 

by the inundation and provided the soil moisture and crop information over the sites (Appendix 1). The 

landscape and description about test sites are showed in Table 1.   
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Table 1 Description of test sites 

 Test Site Photo of the field Description 

Northern 

study 

area 

 

Test site 1 
 

This part of area (N47°38.751′, 

E20°26.852′) does not affected 

by the ponding water. The area 

is covered by thick alfalfa. The 

height of alfalfa is nearly half 

meters. 

 

This part of area (N47°38.724′, 

E20°26.764′) often affected by 

the ponding water. The crop is 

not tall and thick than the 

crops in non-inundation area. 

Test site 2 

 

From the left side of the 

picture, it is easily seen that 

this area (N47°41.204′, 

E20°27.086′) is nearly bare. It 

results from the influence of 

ponding water. 

Test site 3 
 

It is the highest elevation part 

(N47°42.765′, E20°25.537′) of 

this test site. The area is 

covered by dense rapeseed. 

 

The terrain of this area 

(N47°42.840′, E20°25.870′) is 

quite low. Because of the low 

terrain, the ponding water 

often happens here which 

results in the low vegetation 

covered situation. 
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Test site 4 
 

The farmer said the land cover 

was rapeseed before. This site 

does not affected by ponding 

water. 

 

This field (N47°40.056′, 

E20°22.417′) is near site 4. 

Winter wheat is going to be 

planted on this field. This area 

is usually affected by the 

ponding water. 

Test site 5 
 

The farmer said this area isn’t 

affected by ponding water 

(N47°39.993′, E20°25.051′). 

The alfalfa grows well here. 

 

The farmer said this part 

(N47°40.036′, E20°25.101′) 

usually affected by the ponding 

water. The alfalfa here is 

seriously damaged by the 

inundation compared with the 

crop in non- inundation area. 

Southern 

study 

area 

Test site 1 

The field became muddy because of the heavy rain. The measurement could not 

be carried out in the field. The field was ploughed. There was no crop cover on 

the field. 
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Test site 2 

 

Drone was test over this test 

site but the quality of the aerial 

photo is not very good because 

of the bad weather. The field 

was ploughed. There was no 

crop covering the field. There 

is a petrol collection platform 

in the field. 

Test site 3 

The field became muddy because of the heavy rain. The measurement could not 

be carried out in the field. The field was ploughed. There was no crop covering 

the field. 

Test site 4 

 

The field is covered by 

rapeseed. There was a very 

heavy rainfall. The ponding 

water started to accumulate 

during the our visit. 

3.4.3. Rainfall data 

Daily rainfall data from September 2015 to September 2016 was collected. For northern study area, the 

rainfall data was collected from a website called Metnet3. The meteorological station is in Heves near the 

northern study area shown in Figure 3 (b). For Southern area, all the rainfall data was collected from local 

meteorology stations related to an earlier project of the University of Szeged. The daily rainfall data from 

HU03 Tápé station and HU05 Kiskundorozsma stations were used for this study (the location shown in 

Figure 3, c). 

3.4.4. Soil moisture data 

The change of soil moisture content can result in the change of backscatter (Velde, 2010). In order to 

study the relation between soil moisture data and backscatter, in-situ soil moisture was collected. For 

northern study area, the soil moisture is collected at 15 cm depth in the framework of an Msc study 

submitted to the Szent István University, by Edina Czakó-Gál. The soil moisture measurement was carried 

on test site 5 from 23rd April, 2016 to 22nd July, 2016.  For southern study area, the soil moisture data was 

measured at 5 cm depth from 7th Octorber, 2015 to 20th October, 2016. The soil moisture data of 

southern study area was also collected from local meteorology stations related to an earlier project of the 

University of Szeged. The soil moisture data from HU03 Tápé station and HU05 Kiskundorozsma 

                                                 
3 https://www.metnet.hu/ 
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stations were used for this study(the location shown in Figure 3, c). Soil moisture data was collected and 

used as a reference for the analysis of SAR data in mapping the surface inundation.  
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4. METHODOLOGY AND DATA  

The flowchart (Figure 7) shows the overall methodology used in the research. The first step was the pre-

processing of the satellite data. The backscatter coefficient maps were obtained after pre-processing. Then, 

the polarization ratio （
𝜎°𝑉𝐻

𝜎°𝑉𝑉
）was calculated. Next, statistical analysis of the backscatter was done over 

inundated areas and non-inundated areas. Several test sites were chosen for the analysis. Later, backscatter 

time series analysis was done together with other field work data such as rainfall and soil moisture data. 

Time series plots were used to demonstrate how these data change over time. NDVI was calculated from 

both Sentinel-2 and Landsat 8 images after atmosphere correction. Time series analysis of NDVI values 

together with crop height and polarization time series was used for displaying the crop condition and 

estimating the crop loss. The nine test sites were used to identify the characterizations of ponding water 

inundation. Then, a backscatter threshold was obtained for mapping the distribution of ponding water. 

 

  

Figure 7 Methodology flow chart 
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4.1. Satellite Data  

4.1.1. Sentinel-1 

Level-1 Ground Range Detected (GRD) Sentinel-1A C-band (5.405GHz) data was used in this research. 

Interferometric Wide swath (IW) Mode was chosen. It has a 250 km swath with 5x20 m spatial resolution 

and burst synchronisation for interferometry (Attema et al., 2007). VV+HV polarization was used to 

provide ground surface information. Sentinel-1A data from September 2015 to September 2016 was 

collected through the ESA Scientific Data Hub4. There were 59 Sentinel-1A images used for northern 

study area and 58 Sentinel-1A images were used for southern study area. The interval of the images is 

alternatingly 5 or 7 days. In order to compare with a drone image, a Sentinel -1B image on 28th, October, 

2016 was also used in this study. 

4.1.2. Multi-spectral images 

Level-1c Sentinel-2 data and Landsat 8 data from September 2015 to September 2016 with minimal cloud 

cover was collected. The research focused on the Sentinel-2 images, and Landsat 8 data was used as 

supplement. Sentinel-2 data was collected from the ESA Scientific Data Hub, whilst Landsat 8 was 

downloaded from Satellite Search 5 . The Semi-Automatic Classification Plugin in QGIS was used for 

downloading these 2 data. Sentinel-2 data has a wide swath, high resolution and a high revisit time of 5 

days at the Equator. It can monitor the vegetation change during growing season because of these 

advantages (ESA, 2016). It has multi-spectral data with 13 bands in the visible, near infrared, and short 

wave infrared part of the spectrum. Visible (VIS) and Near-Infra-Red (NIR) bands was used for NDVI 

calculation (Ho et al., 2011). The VIS and NIR bands of Sentinel-2 data has a spatial resolution of 10 m. 

Landsat 8 has 8 bands and NIR bands were used to calculate the NDVI. The spatial resolution of these 2 

bands is 30m. More details of Sentinel-2 data and Landsat 8 data are showed in the Appendix 2 (ITC, 

2016). 

4.2. Pre-processing 

For SAR images, the purpose of pre-processing is the reduction of the distortions, degradations and noise 

(Frulla et al., 1998). The pre-processing phase of Sentinel-1 data includes creating subsets of the test areas, 

radiometric calibration, terrain correction, view angle correction and speckle filtering. All the Sentinel-1 

images also need to be converted from the intensity unit (m2 m-2) to the decibel unit (dB). The conversion 

is based on the Equation 3. 

σ°(𝑑𝐵 ) = 10𝑙𝑜𝑔10𝜎°                                                                                                                                Equation 3 

Where σ°is the linear backscatter coefficient. 

SNAP software was used for this stage. For Sentinel-2 and Landsat 8 images, the pre-processing step 

included atmospheric correction.  

                                                 
4 https://scihub.copernicus.eu/dhus/#/home. 
5 https://remotepixel.ca/projects/satellitesearch.html. 

https://remotepixel.ca/projects/satellitesearch.html
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4.2.1. Radiometric calibration of SAR images 

The purpose of radiometric correction is adjusting possible temporal changes of the antenna gain and 

converting amplitude digital numbers into backscattering coefficients (Frulla et al., 1998).  The calibration 

is done based on the Equation 4 and 5. These Equations show the radar measurement principle (Velde, 

2010). 

 

P𝑟 =
𝑃𝑡 𝐺𝑡𝐴

(4𝜋𝑅2 )2
 σ                                                                                                                              Equation 4 

σ° =
<σ>

𝐴0
                                                                                                                                                     Equation 5 

where Pr is received power [W], Pt is transmitted power [W], Gt is transmitter power gain [-], A is effective 

area of the antenna [m2], R is distance between the target and the radar [m], σ is scattering cross section of 

a target [-], 𝐴0  is the illuminated area [m2] and σ° is referred to as the backscattering coefficient [m2 m-2 or 

decibels, dB]. 

4.2.2. Geometric correction of SAR images 

Irregularities of the surface topography cause distortion in the SAR images such as foreshortening, layover 

and shadow. It is necessary to apply geometric corrections to project images to the proper geometric basis. 

The Range-Doppler Terrain Correction is applied to the SAR data after the radiometric calibration by 

using SNAP software. The geo-location information in images and additional ground control points 

(GCPs) can be used for geometric correction (Rauste et al., 2007). In the case of the SNAP software, this 

was solved with the help of SRTM elevation model. 

4.2.3. View angle correction of SAR images 

Due to the imaging geometry, the Sentinel data is collected with different view angles. When this data is 

used for comparison, it is necessary to eliminate backscatter differences caused by this angular variability. 

The correction is usually done by normalizing the incidence angle with a reference angle (O’Grady et al., 

2013). Equation 6 is used for normalizing. 

σ°𝑟𝑒𝑓 = 𝜎°
cos𝑛  (𝜃𝑟𝑒𝑓 )

cos 𝑛(𝜃𝑣 )
                                                                                                                      Equation 6 

                                

Where 𝜃𝑣  is the view angle [ ° ]; σ°𝑟𝑒𝑓  is the backscatter normalized to the reference angle,  

 𝜃𝑟𝑒𝑓  [m2 m-2], n depends on the type of scattering and the land cover characteristics which is usually between 1 and 2; the power n 

taken equal to 1 applies when volume scattering is dominant(Velde et al., 2014). 

 

The view angle (𝜃𝑣  ) of each test sites was aggregated from SAR images by using SNAP. The average view 

angle of each test sites was calculated. The view angle is mainly varies about 34°and 43°, depending on 

the orbit from which the image was taken. The average view angle is 38.9°, so, this value was used as the 

reference angle (𝜃𝑟𝑒𝑓 ). 
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4.2.4. Speckle filtering of SAR images 

Speckle noise is very common in SAR images. The appearance of speckle makes the details and patterns 

unclear. Filtering techniques are applied to SAR images to facilitate interpretation. SNAP software was 

used to filter speckle in this study. The filter tool in SNAP includes Median, Lee, Refined Lee, Frost and 

Gamma-Map filters, from which an optimal one was selected through visual analyses. Figure 9 displays the 

test result of different filters on Sentinel-1 image acquired in 16th March, 2016. It can be seen that the 

Refined Lee filter gives the best result, the ponding water boundary becomes more clear. 

 

(a)Original Map unfiltered image 

 

(b) Median filter 

 

(c)Lee filter 

 

(d)Refined Lee filter 

 

(e)Frost filter 

 

(f) Gamma-Map filter 

Figure 8 SAR image with different filters 
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4.2.5. Atmospheric correction of VIS/NIR images 

In order to retrieve the surface reflectance from VIS/NIR remote sensing images, the influence of 

atmosphere was corrected by Dark Object Subtraction (DOS) correction method. The downloading of 

Sentinel-2 (S-2) images and Landsat8 images was done from the Semi-Automatic Classification Plugin in 

QGIS. DOS atmosphere correction is an image-based atmospheric correction method. This method 

assumes that some objects must have zero reflectance, for example, water bodies or some area which is 

completely sheltered under shadow (Lantzanakis, Mitraka & Chrysoulakis, 2017). Actually, the scattering 

and absorption over the top of atmosphere makes the images have non-zero DN value over these dark 

objects. All of these non-zero values need to be defined in the images and subtracted from the whole band. 

For applying the atmosphere correction, DN value needs to be converted into TOA (top of atmosphere) 

Reflectance. TOA Reflectance computation needs the Equation 7.  

𝜌𝑘 (𝑖, 𝑗) =
𝜋∗𝐶𝑁𝑘,𝑁𝑇𝐷𝐼(𝑖,𝑗)

𝐴𝑘,𝑁𝑇𝐷𝐼∗𝐸𝑆∗𝑑(𝑡)∗cos (𝜃𝑠(𝑖 ,𝑗))
                                                                                                       Equation 7 

d(t) =
1

(1−0.01673∗cos (0.0172∗(𝑡−2)))2
                                                                                                      Equation 8 

where: 𝜌𝑘  is the TOA reflectance; CNk,NTDI is the equalized numeric digital count of the pixel (𝑖, 𝑗) with NTDI, NTDI is the 

number of S-2 TDI (Time Delayed Integration) lines; 𝐸𝑆 is the equivalent extra-terrestrial solar spectrum and depends on the 

spectral response of the S-2 bands; the component 𝑑(𝑡) is the correction for the sun-Earth distance variation (see Equation 8); t 

is the Julian Day corresponding to the acquisition date (Julian day starts count since 01/01/1950) (ESA, 2016a).  

4.2.6. Integration of Sentinel-2 images and Landsat 8. 

In order to have NDVI value as much as possible, both Sentinel-2 (S-2) and Landsat 8 images are used in 

this research. But, S-2 and Landsat 8 has different wavelength range (Appendix 2). For S-2, the 

wavelength of band 4 (Red) is from 0.65 to 0.68 and the wavelength of band 8 (Near Infrared) is from 

0.79 to 0.90. For Landsat 8, the wavelength of band 4 (Red) is from 0.64 to 0.67 and the wavelength of 

band 8 (Near Infrared) is from 0.85 to 0.88. So, the integration is necessary. Both S-2 and Landsat 8 

satellite pass the study area on 20th May, 2016. The 2 NDVI maps on this day were used to compare, and 

get a conversion equation. The equations in Figure 9 can be used for converting NDVI value got from S-2 

into NDVI value got from Landsat 8. 
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Figure 9 Comparison between Sentinel-2 data and Landsat 8 data 

4.3. Time series analysis 

 
Time series plots were made to see how backscatter coefficient, polarization ratio, NDVI, rainfall and soil 

moisture content changes through time. Agricultural fields have a high backscatter temporal variability 

because of the influence of vegetation growth, soil moisture changes and cultivation phenology (Bruzzone 

et al., 2004). So, the time series analysis was used to derive information about ground surface dynamic and 

crop growth stages (Moran et al., 2012). 

4.3.1. Time series analysis of backscatter coefficient 

The average backscatter coefficient of each test site was aggregated from SAR images. The SAR images 

from October, 2015 to October, 2016 were used for extracting backscatter coefficient using several masks. 

For each test site, some small masks were used for observing the detail based on the pixel level. Based on 

visual interpretation of the drone and radar images, some small masks were created to represent the area 

affected by the ponding water. The masks were set in the central part of the ponding water to avoid the 

influence of mixed pixels on the edges. There were also masks created for covering the non-inundation 

area. The mask polygons were manually digitized and then used for mean backscatter coefficient 

calculation for the various areas. The speckle effect reduced by calculation the real average. It is assumed 

that every mask covers homogenous areas. The standard deviation was used for quantifying the 

homogeneity of the masks (Equation 9).  Time series can display the changes of the backscatter to identify 

ponding water and its inundation period.  

𝑠𝑡𝑑𝑒𝑣 = √
1

𝑀
∗ ∑ 𝜎𝑖

2 − 𝜎𝑎𝑣𝑒
2  𝑀

𝑖=1                                                                                                               Equation 9 

where, stdev is the standard deviation of the backscatter coefficient of a mask; M is the number of pixels in 

the mask; σi is the backscatter of the ith pixel extracted from SAR images; 𝜎𝑎𝑣𝑒  is the average of the 

backscatter coefficients of the mask  

 

Rainfall and soil moisture time series were also used as ancillary data and compared with backscatter time 

series. The water bodies have smooth surface resulting in low backscatter observation in SAR images. The 
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low value backscatter in SAR image could be coming from ponding water. But it can also be the result of 

low soil moisture content or smooth land surface without canopy. In our test area, rainfall is the main 

cause of ponding water The impeded infiltration of rainfall or excessive rainfall coming to the saturated 

soil can lead to ponding water. So, the rainfall and soil moisture data should be used to demonstrate the 

origin of the low backscatter.  

4.3.2. Time series analysis of polarization ratio 

σ0 vv is sensitive to moisture and cross-polarized (σo
vh) is particularly sensitive for monitoring both crop 

and soil conditions (Moran et al., 2012). Polarization ratio 
𝜎𝑉𝐻

°

𝜎
𝑉𝑉
°  can be calculated to monitor vegetation and 

crops apart from the influence from sensor calibration and changing target moisture conditions (Jiao et al., 

2009 & Mtamba et al., 2015) . The polarization ratio was calculated from Sentinel-1 images. The average 

polarization ratio of each mask was calculated for each test site. Correlation analysis between polarization 

and NDVI was also made for showing the relation between the polarization ratio and NDVI. 

 

4.3.3. Time series analysis of NDVI 

NDVI (Normalised Difference Vegetation Index) can be used as an indicator to reflect the coverage of 

vegetation, vegetation growth state and crop phenology (La, Del, & Hamsom, 1987). Its values are 

represented as a ratio ranging in value from -1 to 1. Visible and Near-Infra-Red (NIR) bands from 

atmospheric corrected images can be used for NDVI calculation (Rouse, J. W. et al., 1973)(Equation 10).  

 

   𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑉𝐼𝑆

𝑁𝐼𝑅+𝑉𝐼𝑆
                                                                                                                        Equation 10 

                                   

where NDVI is Normalised Difference Vegetation Index; VIS is the reflectance in the red visible band; 

NIR is the reflectance in Near-Infra-Red band. 

 

The temporal patterns of NDVI are used for land cover change detection and large area crop mapping 

(Lenney et al., 1996 & Wardlow et al., 2007 &  Wardlow & Egbert, 2008).  Due to the crop phenology, the 

value of NDVI changes (Wardlow & Egbert, 2008). Fields covered by crops have a high NDVI value at 

the peak plant growth period and have a low NDVI value at ploughing and harvest (Lenney et al., 1996). 

Ponding water can damage the crop in the field which results in the decrease of the NDVI value. Thus, 

multi-temporal NDVI maps can be used to identify the effect of inundation in agricultural areas based on 

the identifiable temporal pattern of the crops.  The masks used to obtain the average backscatter 

coefficient are also used to calculate the NDVIs. The NDVI time series and backscatter coefficient time 

series are compared to locate the ponding water.  
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4.4. Ponding water mapping 

In SAR images, ponding water usually produces a low backscatter coefficient response and appears dark. 

According to this feature, a low backscatter threshold can be extracted from the time series of backscatter 

coefficient. The pixel with a value less than the threshold is classified as ponding water. Inversely, the pixel 

with a value larger than the threshold is classified as non-inundated area. All the SAR images were 

classified by this method and to get a bit image. The area covered by water bodies got the value of 1. No-

inundated areas have the value of 0. In order to distinguish the permanent water bodies (such as rivers and 

artificial ponds) and temporarily ponding water clearly, all the bit images were added up in ArcGIS by 

using raster calculation. The areas with the value same to number of calculated images was classified to be 

permanent water bodies. Otherwise, it belongs to temporarily ponding water. Then, ponding water spatial  

distribution map was mapped after overlaying the reclassified map with a Sentinel-2 map. In order to see 

the inundation duration of ponding water, a temporal distribution map was also made. Different values 

were given to the inundation map of different months. The applied values are shown in Table 2. Then, 

raster calculation was also used to add up all images. The new value in the result map can show the 

occurrence time of ponding water. 

 

Table 2 The value used for ponding water temporal distribution mapping 

Input value 
Month January February March April 

Value 1001 1002 1003 10004 

Result value 

Month 
January, 

February 
January, March February, March 

January, 

February, March 

Value 2003 2004 2005 3006 

Month January, April February, April March, April 
January, 

February, April 

Value 11005 11006 11007 12007 

January, March, 

April 

February, 

March, April 

January, February, 

March, April 
  

12008 12009 13010   
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5. RESULTS AND DISCUSSION 

5.1. Backscatter analysis and ponding water identification 

Frulla et al. (1998) stated that: “although 𝜎 ° can be calculated for every pixel, it has a physical meaning 

when it is averaged over a group of pixels corresponding to a distributed target in the image” . So, in this 

study, the average backscatter coefficient was calculated by several polygon masks which cover 

homogeneous pixels. The average calculation can also benefit in reducing the speckle effect. VV polarized 

backscatter was selected to detect the ponding water because VV backscatter time series is more sensitive 

to soil moisture which can show more detail about water surface. All of the SAR images used in this 

research were collected from the ascending orbit. But part of images have an average incidence angle of 34°

and others have an average incidence angle of 43°.All the images have the incidence angle around 34° 

belongs to Ascending 1 group. The images have 43° belongs to Ascending 2 group. The difference of 

incidence angle results in the differences in backscatter coefficient (Gauthier, Bernier, & Fortin, 1998). 

Although the angle correction was done for all images using Equation 6, differences in backscatter still 

existed between the two groups. This was most probably due to the selected n value, which is highly 

dependent on the physical properties of the surface. We tried to optimize it with least square fitting, but 

more accurate data would have been needed about the canopy properties (height, roughness), going well 

beyond the objectives of this thesis, so a simpler solution was looked for. In order to observe the trend of 

backscatter without the influence of incidence angle, 2 sets of images with a different incidence angle are 

separated to make plots. 

 

The mask polygon selection was based on drone image and SAR images. Figure 11 shows the drone image 

used for mask selection. In the northern area, Mask site1 covers the whole field. Mask site 1a covers the 

core of the area affected by ponding water. Mask site 1b covers a bit wider area affected by ponding water. 

These affected areas appear white in the drone images and were cross-checked by visual interpretation of 

the SAR time series too. Mask site 1c covers an area without the influence of ponding water. Where drone 

images were not available, the mask polygon selection was based on a series of SAR images. One or two 

masks were used to cover the dark area with low backscatter values, i.e., the inundated areas. Another 

mask was used to cover the brighter, non-inundated areas.   
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Figure 10 Drone image and mask polygon selection over northern test site1 

5.1.1. Northern study area 

Figure 12 shows the time series of backscatter over the northern test site 1.  There is an obvious decrease 

in the backscatter of site 1a (Figure 12, a) from the original value around -8dB to about -18 dB around 

January. Then, the backscatter value stays at about -18 dB until 1st, March. There is also a short low value 

period on the backscatter time series of site 1b (Figure 12, b). The backscatter decreases to -17.6 dB 

around January and just stays at low value for 1 month. Water bodies usually produce a low backscatter 

coefficient response. So, the decrease of the backscatter can be related to ponding water. Inversely, time 

series of Site 1c (Figure 12, c) has the backscatter value larger than -16 dB and the backscatter increases 

slightly from -16 dB to -12 dB within these 3 months. This area was not flooded in this period. The 

increase is most probably due to the increased soil moisture as a result of rainfall and the melt of snow 

cover. From the daily precipitation data, it can be seen that there was intensive rainfall from January to 

March. The rainfall makes the soil wet which can increases the backscatter. Also, there was snow in the 

field in January. The snow cover can moisten the soil after it has melted. Comparing the three time series 

in Figure 12, the intensive rainfall increases the backscatter over non-inundated area but decrease the 

backscatter over site 1a and 1b. So, it can be concluded that there was ponding water in the field. The 

ponding water over site 1a remained for 3 months from January to March. But for site 1b, the ponding 

water was quite shallow and just stayed in the field during January. 
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(a) 

 

(b) 

 

(c) 

Figure 11 Backscatter time series of northern site 1 

 
Figure 13 shows the backscatter time series over the northern site 2. The low backscatter period is also 

very obvious shown on the time series of site 2a and 2b (Figure 13, a, b). The backscatter decreases to 

around -19.3 dB and stays at this low value from the end of January to the start of April. There was limited 

rainfall in December which makes the soil very dry. So, the backscatter starts to decrease since the end of 

December. Then, there was an intensive rainfall and snow around the on the beginning of January. The 

rainfall and the snowmelt moisten the soil and make the soil became saturated. It leads the backscatter 

jumps back to-13.5 dB on 23rd, Jan. After that, the water accumulated in the field which leads the 

backscatter stays at around -18.5 dB until the end of March. The increase of backscatter over site 2c (non-
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inundated area) and the daily rainfall data can also show that the ponding water affects site 2 from January 

to March. From the end of April to the start of May, site 2a and 2b (about -13 dB) has a higher backscatter 

than site 2c (about -18 dB). Because the soil in site 2a and 2b stores more moisture after inundation and 

becomes more easily wet than the non-inundated areas once precipitation happens.  The wet soil has a 

larger dielectric constant than the same surface with lower moisture content, which results in higher 

backscattering. There was not much precipitation in this period. For site 2c, the soil was very dry which 

results in low backscatter. 

 

(a) 

 

(b) 

 

(c) 

Figure 12 Backscatter time series of north site 2 

 
The 3 plots in Figure 14 display the backscatter time series over site 3. The time series of site 3a and 3b 

shows 3 times decreasing on backscatter. The first decreasing happened from February to March which 
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makes the backscatter decreases to -14.38 dB. The other 2 decreasing happened on May (-14.36 dB) and 

September (-15.82 dB) when the rainfall was not much. Compared with the backscatter time series of site 

3c, it can be seen that the backscatter increases over the non-inundated area from February to March but 

also decreases on May and September. Because of the intensive precipitation happened in February and 

March, it can be argued that ponding water was in this field during February and March. But for non-

inundation area, the soil gets saturated easily and then water accumulates in the field which leads to the 

decreasing of backscatter. The rainfall moistened the soil which increases the backscatter of non-

inundation area. For the decreasing in May and September, it results from the dry soil because of the 

insufficient precipitation. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 13 Backscatter time series of northern site 3 
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Ponding water cannot be identified over a long period. As it shown in Figure 15, the backscatter 

coefficient over test site 4 fluctuates at a value between -6 dB and -14 dB. Three plots share the same 

increasing and decreasing pattern which also has a good agreement with the daily precipitation time series. 

The backscatter decreases in November and December when the rainfall is very limited. The snow and 

rain in the beginning of January causes the saturation of the soil (high backscatter after the rainy period on 

11th, January), then the backscatter drops sharply, due to a short surface water ponding. Then, the 

backscatter increases from the 16th February to March and then in July when the rainfall is sufficient. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 14 Backscatter time series of  northern site 4 
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The soil moisture over site 5a and 5b is compared with the backscatter time series in Figure 16. The soil 

moisture of the top 15 cm was measured only from the end of April to the end of July. The soil moisture 

time series follows the pattern of the backscatter time series. The soil moisture was measured at 15 cm 

depth underground but the backscatter can only reflect the change on surface. So, soil moisture has some 

delay response to the backscatter time series. There is no obvious long term ponding water to be identified 

from the time series. The backscatter just increases when there is plenty rainfall and decreases when there 

is not sufficient rainfall.  

 

(a) 

 

(b) 

Figure 15 Backscatter time series of northern site 4 

 
During the field work, in-situ soil moisture was measured over site 1, site 3 and site5. Soil moisture 

measurement was carried out over the inundated areas and the non-inundated area which were identified 

by the local farmers. The measurement locations were coinciding with the masks used in this study. The 

measurement result shows in Table 3. It can be found that the area which is prone to ponding water 

usually has higher soil moisture content. For site1, site 1a has more wet soil than site 1c.  When surplus 

rainfall comes to the ground, the soil over site 1a is more easily get saturated than site 1c. For site3, 

measured was carried out at a low place which is near site3a and a high place which is near site 3c. The 

high place usually cannot store water, so ponding excess water never happens here. But the low place 

makes it easier to accumulate water. So, the soil moisture is higher in the low place than high place. For 

site 5, the site 5b has lower soil moisture which is less prone to the ponding water. 
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Table 3 In-situ soil moisture data measured during the field work 

 

Comparing all the time series plots over the northern study area, it can be found that test sites 1, 2 and 3 

were affected by ponding water seriously during January to March. All the time series of these 3 test sites 

have obvious low backscatter periods in response to the increase of precipitation. The backscatter in this 

period decreases to less than -14 dB. The rainfall can make the soil moisture increase and then result in the 

increasing of VV backscatter. But when the soil is saturated, the water just starts to accumulate on the 

surface and form ponding water which result in the decreasing of backscatter. From the crop information 

got from the local farmer, the main soil content is clay in the northern study area. The proportion of clay 

is 42~44% (Appendix 1). The infiltration rate of clay is 1-5 mm/hour (C. Brouwer, 1988). This kind of 

heavy soil has a very low infiltration rate which leads the ponding water happens easily.  

 

5.1.2. South study area 

For the southern study area, more soil moisture data was collected to find the relation between rainfall, 

soil moisture and VV backscatter and use them to identify the ponding water in the field. As it is shown in 

Figure 17 (c), the VV backscatter responses rainfall and soil moisture with the similar changing patterns 

over non-inundated area (southern site 1c). The rainfall is abundant in February, March, June and July. 

The soil moisture and VV backscatter also has significant increasing during these months. But for 

southern site 1a and 1b, the VV backscatter decreases to -17 ~ -19dB while the rainfall and soil moisture 

increases from February to March (Figure 17, a, b). The rainfall increases the soil moisture over site 1a and 

1b. The low backscatter results from the increasing rainfall and soil moisture. So, the low backscatter 

period can be considered as the result of ponding water. 

 

Site Soil Moisture(m
3
/m

3
) Remarks 

Site1 
0.137 

47°38'38.42"N,20°26'45.86" Ponding water often occur, 
very near to site1a 

0.115 
47°38'45.07"N, 20°26'51.11"E No ponding water near  
very near to site1c 

Site 3 
0.224 

47°42'50.43"N,20°25'52.19"E Ponding water exist, low 
place, site3a 

0.117 47°42'48.61"N, 20°25'41.57"E High place, site3c 

Site 5  
0.138 

47°40'2.5 "N, 20°25'7.04"E   Non-inundation area, Near 
site5b 

0.166 47°40'2.14"N, 20°25'6.08"E  Inundation area 
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(a) 

 

(b) 

 

(c) 

Figure 16 Backscatter time series of southern site1 

 
It can also be found that the ponding water affected southern site 2 from February to March. From Figure 

18, it can be seen that the backscatter of southern site 2a decreases to -18.77 dB during March. The soil  

moisture increases from 22% to 25% during the same time period. However, in the time series of non-

inundated (southern site 2b), the backscatter increases from -11 dB to -6 dB during March.  So, the low 

backscatter period in the backscatter time series of site2a results from the rainfall. The rainfall moistens 

the soil first and then leads the ponding water form over the saturated soil. The smooth ponding water 

surface makes the backscatter decrease. 
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 (a) 

 

(b) 

 

Figure 19 shows the time series over southern site 3 and 4. The soil moisture is in a good agreement with 

the rainfall. The backscatter time series of site 3 fluctuates from -5 dB to -15dB. The backscatter time 

series of site 4 fluctuates from -8 dB to -19dB. There is no low backscatter in the time series of site3. For 

site 4, the backscatter decrease to around -17 dB or even -19 dB at the end of April. But from the soil 

moisture time series, the low backscatter results from the dry soil. So, ponding water did not come to site 

3 and 4 during the period under investigation.  

 

Figure 17 Backscatter time series of southern site2 
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(a) 

 

(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 18 Backscatter time series of southern site3 and 4 
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Fortunately, the done image captured little ponding water on test site 4. The drone image was taken on 

27th, October, 2016 by team of the University of Szeged, under the coordination of Dr. Bouderwin van 

Leeuwen. The drone image is shown in Figure 20 (a). Ponding water can be seen in the image where the 

red circle area is zoomed in. Sentinel-1A did not pass by this field on 27th, October but a Sentinel-1B 

image acquired on 28th, October is available. This SAR image is shown in Figure 20 (b). Compared with 

the drone image, the SAR image has low backscatter area at the same place which indicates  that the low 

backscatter represents the ponding water.   

 
(a) 

 
(b) 

Figure 19 Comparison between drone image (a) and SAR image (b) 

 

Comparing all the time series plots of southern study area, it can be seen that the rainfall  leads to the 

increase of soil moisture. Soil moisture also has a good agreement in backscatter over non-inundated areas. 

Regression lines were calculated made between VV backscatter and soil moisture to analyse the relation 

between them. Only the VV backscatter and soil moisture data of non-inundated area is used for the 

analysis.  The result shows in Figure 21. The R2 shows that the VV backscatter is well correlated with soil 
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moisture. So, soil moisture is the dominant factor for the change of the VV backscatter. Thus, those low 

backscatter areas with high soil moisture content and high rainfall value must be affected by the ponding 

water. 

 
                                                      (a)                                                                                          (b) 

 
 

                                         (c)                                                                           (d) 

Figure 20 Relationship between VV backscatter and soil moisture 

 

5.1.3. Incidence angle normalization 

The difference between the backscatters from Ascending 1 images and 2 images can be found from the 

time series. The average of the two adjacent values in the Ascending 1 group was calculated and compares  

the values with the corresponding dates in the Ascending 2 group. The differences were calculated and 

plotted in Figure 22. For site 5a, the backscatter difference is just around 1 dB before March. Then, the 

difference rises to around 3 dB from April to July. From August to September, the difference can be 5 dB. 

For site 5b, the backscatter difference is very little before April. Later, the difference can be 4-5 dB from 

August to September. From the crop information (Appendix 1), site 5 was ploughing before April. The 

canopy started to grow since April. So, the NDVI time series were compared with the backscatter 

difference in Figure 22. It can be found that the trend of differences match the NDVI pattern. The R2 got 

from the correlation analysis shows the limited relation between NDVI and backscatter differences. The 

R2 of site 5a is 0.47 and the R2 of site 5b is 0.53. So, the backscatter differences between two kinds of 

ascending images depend on the land cover.  

(dB) (dB) 

(dB) (dB) 
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                                          (a)                                                                                  (b) 

 

                                       (c)                                                                                       (d) 

                          
In order to use the ascending 1 and 2 images together, the incidence angle correction was applied in the 

pre-processing step. A reference angle which is 38.9°was used to normalize the backscatter. But the 

differences still exist because the angle correction was done based on an assumption. That the land cover 

does not change through the time.  When the Equation 6 was applied for angle correction, the n used in 

the equation was applied to 1. But the fact is that the land cover of the field changed through the study 

period and different n value should be applied in the angle correction equation for different phonological  

stages of the crops.  

 

Northern site 1 was used to analyse and find the optimal n for different canopy properties (Table 4). Water 

bodies, bare land and alfalfa were considered as the possible land cover. Bare land 1 is the area usually 

affected by ponding water during the inundation period. Bare land 2 is the area which is never affected by 

ponding water. The optimal n was found by minimizing the backscatter difference between Ascending 1 

and 2 images. From the result in Table 4, it can be seen that different optimal n was calculated for 

different land cover types. For 2 different kind bare lands, the optimal n is quite close to each other. The 

area covered by the alfalfa need the lowest n which is below 0. For bare land, the n should be 3.96.  

 

 

 

 

Figure 21 Relation between the backscatter different and NDVI 
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  Table 4 Optimal n based on land cover    

            

5.2. NDVI time series and crop growth monitoring 

5.2.1. NDVI and crop height 

NDVI time series were made for monitoring the crop growing condition. Figure 23 shows the NDVI 

change for all 5 test sites over northern study area.   

 

Figure 23 (a) shows the NDVI over test site1. This field was covered by alfalfa. It can be seen from the 

plot, that the NDVI value increases from January (around 0.3) to May (0.5-0.6) and then had a quick 

decrease on June (0.4). Later, the NDVI value increases again from July to August (0.6-0.7) and decreases 

again on September (around 0.4). The trend of NDVI fits agricultural activity and crop height collected 

from local farmer (Appendix 1). According to the agricultural activity information, the alfalfa was growing 

from Oct, 2015 to May, 2016. The height of canopy grew from 10 cm to 50 cm. The first harvest was on 

June and it results in a decrease of NDVI. Later, the alfalfa grew again resulting in a second harvest in 

September. The NDVI value of site 1 starts to decrease from January onward and reaches its lowest value 

on 21st, March at 0.18. Site 1c (the non-inundated area) has a higher NDVI value during the same period 

and reaches 0.64 on 21st, March. Compared with the backscatter time series, the decrease of the NDVI 

can also prove ponding water existed in the field. Because the water bodies usually have low reflectance. 

When the inundation happens, it covers part of crops in the field and decreases the NDVI value on the 

multi-spectral images.  

The same result can also be found on site 2. In Figure 23 (b), the NDVI of non-inundated area (site 2c) 

increases from 0.34 to 0.88 since January to May. But for site 2a, NDVI decreases close to 0 on the end of 

January and it only reaches 0.78 on May before harvest.  

 

Ascending 1 Ascending 2 
 

Date 
Intensity 

(m2 m-2) 

Incidence angel 

(°) 

Backscatt
er 

(dB) 

Date 
Intensity 

(m2 m-2) 

Incidence 

angel (°) 

Backscatter 

(dB) 
Differences n Average 

Water 

1/23/2016 0.019 34.8 -16.213 1/28/2016 0.033 43.78 -16.213 6.53E-08 -4.29 

0.34 

2/16/2016 0.012276 34.76 -19.151 2/21/2016 0.012 43.739 -19.151 9.88E-10 0.18 

2/28/2016 0.01544 34.78 -18.427 3/4/2016 0.013 43.75 -18.427 2.60E-10 1.34 

3/11/2016 0.029 34.76 -16.348 3/16/2016 0.017 43.78 -16.348 3.45E-08 4.13 

Bare 
land1 

10/31/2015 0.167 34.79 -8.701 10/24/2015 0.1 43.8 -8.701 2.94E-09 3.97 

3.77 

3.96 

11/12/2015 0.148 34.75 -10.207 11/5/2015 0.052 43.77 -10.207 3.38E-08 8.10 

12/18/2015 0.069 34.78 -11.436 12/11/2015 0.076 43.77 -11.436 4.42E-08 -0.75 

Bare 

land2 

10/31/2015 0.079 34.235 -11.424 10/24/2015 0.065 43.321 -11.424 9.18E-11 1.53 

4.14 11/12/2015 0.092 34.282 -12.078 11/5/2015 0.04 43.26 -12.078 1.08E-08 6.60 

12/18/2015 0.069 34.78 -12.619 12/11/2015 0.041 43.3 -12.619 5.39E-11 4.30 

Alfalfa 

4/4/2016 0.067 34.23 -11.649 4/9/2016 0.07 43.27 -11.649 5.70E-08 -0.34 

-1.04 4/16/2016 0.053 34.22 -13.611 4/21/2016 0.035 43.32 -13.611 1.00E-08 3.24 

4/28/2016 0.021 34.26 -15.203 5/3/2016 0.045 43.254 -15.203 5.60E-08 -6.03 
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The NDVI time series over site 3 and 4 cannot show the influence of ponding water clearly. There is only 

a slight decrease of NDVI on March over site3c. From Figure 23 (c), the NDVI value increases gradually 

from Oct, 2015 to Jun, 2016, from around 0.2 to around 0.8. The height of wheat grew from 10 cm to 65-

70 cm. After that the NDVI decreases on July because of harvest. Then, the rapeseed was sowed on 

August. The height of rapeseed grew from 5 cm to 20 cm, which reflects NDVI value of 0.2-0.3. It can be 

seen from Figure 23 (d), the NDVI increases gradually from around 0.3 to 0.8. The rapeseed was growing 

from 15 cm to 170 cm during the same time. Then, the harvest started from August.  Wheat was sowed 

after harvest and started growing from September onward. 

 

From Figure 23 (e), it can be seen that the alfalfa started grew since April and matured in June when the 

height of alfalfa was 50 cm. Then, the NDVI value decreases in July because of mowing. It matured again 

on August which made the NDVI increase to around 0.9.  

(a) 
(b) 

(c) 
(d) 

 

 

 

 

 

 

 

 

(e) 
Figure 22 Time series of NDVI and height of alfalfa (a, e) wheat (b) and rapeseed (c) in each field 

From the 5 graphs in Figure 23, it can be seen that the NDVI can describe the change of crop height. The 

regression analysis is made between NDVI over non-inundated area and crop height. The result shows in 
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Figure 24. The R2 shows the correlation between NDVI and crop height is quite good, especially in the 

wheat field (site2). The equation of the regression line was used to estimate the crop height over ponding 

water during the inundation period in site1 and 2. The result shows in Table 5. 

 

(a) 

 

(b) 

 

(c)  

(d) 

 

                                           (e) 

Figure 23 Relation between NDVI and crop height 

 

The crop height data was collected from the local farmer. Since the crop height was defined by estimation, 

the accuracy of data cannot be guaranteed. The NDVI was calculated from optical satellite images. 

Because of the influence from cloud cover, the amount of NDVI data is limited. So, the regression 

equation is also not very accurate and requires more cloud-free observations to improve. For example, site 

1 needs more NDVI value for the crop which has the height of 20-40cm. But the estimated crop height 

can still be used to show the existence of ponding water. From Table 5, it can be seen that the height of 

alfalfa in site 1a and 1b is much shorter than the alfalfa in site 1c. Especially in January, March and April, 

the ponding water nearly covered up the whole alfalfa in site 1a. For site 1b, ponding water covered up the 
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whole alfalfa in January. In March and April, the estimate height is shorter than the normal height. 

Normally, the alfalfa reaches 45cm in April and then harvest. But the alfalfa in site1b delayed to reach 46 

cm in May. The estimate height of wheat in site 2 can also show the influence of ponding water on crop. 

The whole wheat was covered by the ponding water in January. Then in March, the estimated height is 

just 1.34cm and 4.20cm. It means that only part of the wheat was above the ponding water. After the 

inundation period, the crop height in site 2a and 2b is much shorter. It shows that the ponding water can 

affects and destroy the growth of crop. 

 

Table 5 Estimate crop height over inundated area 

 
Crop height (cm) 

Date Site1a Site1b Site1c Date Site2a Site2b Site2c 

1/1/2016 0 0 10 1/1/2016 12 18 16 

3/17/2016 0 11 15 1/13/2016 0 0 20 

4/2/2016 0 29 45 3/17/2016 1 4 30 

5/20/2016 27 46 10 4/2/2016 9 15 40 

6/19/2016 0 0 10 5/20/2016 24 29 50 

7/23/2016 44 25 10 6/19/2016 31 31 65 

8/8/2016 31 32 50 6/21/2016 54 50 70 

8/18/2016 41 24 50 7/23/2016 38 27 10 

8/24/2016 43 36 50 8/18/2016 7 7 15 

*the negative value is replaced by 0 

5.2.2. NDVI and polarization ratio 

The ponding water on southern study area can also be identified by using NDVI time series. The NDVI 

value decreases when ponding water covers the field. In Figure 25, the NDVI of site 1a decreases and 

stays at around 0.2 from January to March. But at the same time, the NDVI of site1c is 0.5-0.6. The 

decrease also shows on the NDVI time series of site2a. The NDVI decreases from 0.34 to 0.23 since the 

end of February. The low NDVI value can also be found over site4. The NDVI of site 4b is around 0.44 

which is much lower than the value of site 4c (around 0.7). But from Figure 25 (c), it can be found the 

there is no difference between time series of site 3, 3a and 3b. So, the ponding water was in test site 1, 2 

and 4 from January to March.  

 

The crop information is not available for the southern study area. The polarization ratio was used to 

compare with NDVI time series. From Figure 25, it can be seen that the trend of NDVI time series 

matches the change of polarization ratio. In Figure 25 (a, b and d), the peak of polarization ratio is around 

June when the NDVI also reaches its peak value. In Figure 25 (c), the peak of polarization moves to July 

when the NDVI reaches its peak value the same time. 
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(d) 

 
Figure 24 Time series of NDVI and polarization ratio 

The correlation analysis was taken between NDVI and polarization ratio. The R2 was calculated and 

shown in Table 6. All the R2 is larger than 0.6. Among them, the northern test site 2 and southern test 1 

has a higher R2 which is 0.77 and 0.80 respectively. So, the polarization can be used for monitoring the 

crop growth condition.   

 

Table 6 Relationship between NDVI and polarization ratio 

R2 Test site1 Test site2 Test site3 Test site4 Test site5 

North Study area 0.61 0.77 0.64 0.64 0.63 

South Study area 0.80 0.60 0.60 0.74 No data 

 

In the NDVI time series, the non-inundated area usually has a higher NDVI value. The NDVI differences 

between inundated area and non-inundated area were calculated. The differences of polarization ratio were 

also calculated and compared with the NDVI differences. The result shows in Figure 26. R2 shows the 

correlation between the differences of NDVI and polarization ratio. The relation is strong. For southern 

site 2, the R2 even reaches 0.84. So, polarization ratio can also be used to display the crop loss caused by 

ponding water. 
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(a) (b) 

(c) (d) 

Figure 25 Relationship between NDVI and polarization ratio differences 

From the NDVI time series, it can be seen that inundated area has a low NDVI value than non-inundated 

area. Since ponding water can prevent the crop growth and affect the quantity and quality of agricultural  

products, so the NDVI difference between inundated area and non-inundated area can be considered 

proportional to the crop loss. The crop loss rate of NDVI and polarization ratio was calculated and 

showed in Table 7. Compared with the non-inundated area, NDVI can decreases 71.36% in March in test 

site1 in the northern region. Polarization ratio changes most on the end of February (about 49.46%). The 

change rate of NDVI and polarization ratio over site2 is higher than site1. It means the wheat field had 

more loss than alfalfa field. The wheat is more vulnerable than alfalfa against the ponding water.  

 

Table 7 Crop loss rate estimated by NDVI and polarization ratio 

North test site1 (Alfalfa) North test site2 (Wheat) 

Date NDVI Date 
Polarization 

ratio 
Date NDVI Date 

Polarization 

ratio 

1/1/2016 49.35% 1/4/2016 1.16% 1/1/2016 45.65% 1/4/2016 20.38% 
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3/17/2016 71.36% 1/11/2016 41.42% 1/13/2016 98.15% 1/11/2016 38.27% 

4/2/2016 42.17% 1/23/2016 4.07% 3/17/2016 74.47% 1/15/2016 27.81% 

  
1/28/2016 26.49% 4/2/2016 63.82% 1/23/2016 12.95% 

  
2/9/2016 1.11% 5/20/2016 48.34% 2/9/2016 15.46% 

  
2/16/2016 49.46% 

  
2/16/2016 45.99% 

  
2/28/2016 42.30% 

  
2/21/2016 1.34% 

  
3/4/2016 12.41% 

  
2/28/2016 123.14% 

  
3/11/2016 24.09% 

  
3/16/2016 31.24% 

  
3/23/2016 17.65% 

  
4/16/2016 50.47% 

  
3/28/2016 3.80% 

  
  

  
4/4/2016 9.62% 

  
  

  
4/16/2016 17.66% 

  
  

5.3. Ponding water mapping 

5.3.1. Spatial distribution of ponding water 

The backscatter time series analysis shows the ponding water can make the backscatter decrease to below  

-14 dB. This value was used to reclassify the study area for mapping ponding water. A series of Sentinel-

1A images were used to map the distribution of ponding water through the whole study period. Figure 27 

(a) shows the distribution of ponding water over northern study area from October, 2015 to October, 

2016. Permanent water bodies and temporary ponding water was distinguished in the map. Permanent 

water bodies are in blue and ponding water is in red. The distribution of ponding water in test site 1 and 2 

is shown in Figure 27 (b, c).  According to the statistic (Table 8), the total area of northern study area is 

about 2282.66 km2. From this, 91.4 km2 was affected by the ponding water. It means 4% cropping area  

was directly affected by the ponding water. 
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(a) 

 

(b) 

 

(c) 

Figure 26 Spatial distribution of ponding water on northern study area 

A similar spatial analysis was also done over the southern study area. The result is shown in Figure 28 (a). 

The rivers and artificial ponds are in blue. The ponding water is in red. The distribution of ponding wa ter 

in southern site 1 and 2 is shown in Figure 28 (b and c). The statistic in Table 9 shows that the total area 

of southern study area is 2006.79km2. 3.96% agricultural area was directly affected by the ponding water. 

 

Table 8 Affected area statistic 

 

Northern study area Southern study area 

Area(km2) Percentage Area(km2) Percentage 

Non-inundation area 21601.21 94.63% 1882.12 93.79% 

Ponding water 91.40 4.00% 79.51 3.96% 
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Permanent water bodies 31.14 1.36% 45.16 2.25% 

Total area (km2) 2282.66 
 

2006.79  

 

(a) 

 

(a)                                                                                                (c) 

5.3.2. Temporal distribution of ponding water 

In order to see how long the ponding water stay in the field, the temporal inundation distribution map was 

made. Figure 29 (a) shows the ponding water in northern study area. Figure 29 (b) shows the ponding 

water on southern study area. The area inundated happened in the different months is show with different 

Figure 27 Spatial distribution of ponding water on southern study area 
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colours. Most of the inundation happened in January, February and March. In northern study area, 

ponding water still existed in April. According to the statistic in Table 9, 49.38km2 crop field was covered 

by ponding water in January. The affected area keeps at around 24km2 from February to April. In the 

southern study area, ponding water occurred mostly in February. There was 133.43km2 field covered by 

ponding water. 

 

Table 9 Affected area monthly statistic 

 

 

 

(a) 

 
Northern study area (km2) Southern study area (km2) 

January 49.38 26.56 

February 24.93 133.43 

March 24.80 69.13 

April 24.83 
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(b) 

Figure 28 Temporal distribution of ponding water in northern study area (a) and southern study area (b) 

Figure 30 shows the temporal distribution of ponding water over selected test sites. For most of the sites, 

the crop was affected by the ponding water for over 2 months. For the test sites in the north, the ponding 

water stayed in the field during from January to February. For the test sites in the south, ponding water 

stayed in the field from February to March. From Figure 30 (a), it can be seen that there is a big area 

covered by ponding water. In January, the ponding water occupied the red area and light green area. When 

it was Februry, the ponding water in light green area was still in the field. The ponding water in orange 

appeared in the field but the inundation in red disappeared. Figure 30 (b, c, d) can also show the similar 

dynamic change in other fields. 

 

(a)                                                                                           (b) 
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                                         (c)                                                                                                       (d) 

Figure 29 Temporal distribution of ponding water in some test site 

5.3.3. Topography analysis 

A about 3.5 cm DEM created from the drone images was used to see if the topography affects the 

distribution of ponding water. The vertical accuracy of DEM is about 3-4 cm. The DEM of northern site 

1 and southern site 4 is shown in Figure 31. From the DEM, it can be seen that the inundation always 

happens in the lower area. Although the field is nearly flat, there still have some elevation differences and 

the lower place can accumulate the ponding water easily. From the Figure 31 (a), it can be seen that 

ponding water happens on the area which is about 87.9 m about above the sea level. It is lower than the 

area around it. From the Figure 31 (b), the ponding water happens in the area which is about 77.6 m 

above the sea level. It is also the lower place in the image. 

 
(a)                                                                                          (b) 

 

Figure 30DEM of northern site 1 (a) and southern site 4 (b) 
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6. CONCLUSION AND RECOMMENDATION 

6.1. Conclusion 

The objective of this study is to map ponding excess water and assess its effects on crops with Sentinel-1 

images, supported by Sentinel-2 images, drone images and field information. A series of Sentinel-1A 

images were used for detecting ponding water based on the time series analysis of the backscatter. The 

NDVI time series got from Sentinel-2 images and the polarization ratio time series calculated by Sentinel -1 

images was used for monitoring the crop growth condition. Rainfall, soil moisture and NDVI was used as 

ancillary data for verify the existence of ponding water. Drone images were used for observing the 

landscape of some test sites and extracting DEM. Five test sites in the northern study area and four test 

sites in southern study area were analysed. Finally, the spatial and temporal distribution of ponding water 

was mapped based on the analysis of each test site. This study continues Liu’s work (Liu, 2016). In Liu’s  

research, limited number of ponding water could be found in the field. The area of ponding water was 

smaller than the resolution of Sentinel-1 and could be captured by SAR images. She didn’t have the crop 

information to analyse the time series. All of these limitations are overcome in this study. 

The following conclusions are made from the analysis result. 

 The area covered by ponding water has a high soil moisture value, and the water accumulated on 

the surface results in rainfall resulting in a low backscatter value (less than -14 dB). The low 

backscatter over inundation area is caused by the high specular reflection over smooth water 

surface.  

 Angle correction is a very important step when different incidence angle images are supposed to 

be used together.  The angle correction has to consider the actual conditions of the land cover. 

 VV backscatter was used for the time series analysis because it is very sensitive to the soil 

moisture. The correlation analysis between soil moisture and VV backscatter shows that soil 

moisture is a dominant factor of backscatter. Rainfall is the driving force of the change of soil 

moisture. It is also the cause of ponding water. High clay content of the soils leads to the decrease 

of the infiltration rate which also causes the occurrence of ponding water.  

 NDVI can describe the change of crop height. The decrease of NDVI can also help to prove the 

existence of ponding water in the field. Polarization ratio of radar images can also be used to 

monitor the crop growth condition because it has a strong correlation with NDVI time series. 

NDVI and polarization ratio difference between inundation and non-inundation area was 

calculated and considered as the crop loss. Wheat is found more vulnerable than alfalfa from the 

crop loss rate calculation. 

 About 914km2 area was affected by ponding water over the northern study area. About 1729 km2  

of southern study area was affected by ponding water. In the northern study area, most of the 

ponding water stayed in the field from January to February. In the southern study area, most of 
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the ponding water stayed in the field from February to March. The topography affects the 

distribution of ponding water. 

 

6.2. Limitations and recommendations 

 

 The angle correction needs more improvement. Although the optimal n for different land cover 

was searched in this study, the SAR images pairs used here for testing the effect of the canopy on  

n were not exactly acquired on the same day and the quantity of images used here was also limited. 

The optimal n values for different land cover types and phonological stages need to be found in 

the further studies.  

 The crop information was collected from a local farm. Some data like crop height is an estimated 

value. Some analyses were based on this value, so, it affected the corresponding accuracy of 

estimation in this research. 

 More soil moisture data is need for the northern study area to verify the low backscatter results 

from ponding water. More soil type data is also need to prove how the soil physical properties can 

affects the ponding water in the further studies.   

 In the further studies, the use of polarization ratio needs to be further developed. To define 

whether polarization ratio can replace NDVI to be an indicator to reflect the coverage of 

vegetation; its dependence on vegetation growth state and crop phenology is to be studied.  
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APPENDIX 2 

Production detail about Sentinel-2 (ITC, 2016) 

Band of Sentinel-2 

images 

Wavelength 

(μm) 

Bandwidth 

(μm) 

Resolution 

(m) 

Swath width 

(km) 

Revisit time 

(days) 

Band1 Coastal/Aerosol 0.443 0.02 60 290 5 

Band2 Blue (VIS) 0.49 0.065 10 290 5 

Band3 Green (VIS) 0.56 0.035 10 290 5 

Band4 Red (VIS) 0.665 0.03 10 290 5 

Band5 (VIS) 0.705 0.015 20 290 5 

Band6 (VIS) 0.74 0.015 20 290 5 

Band7 (VIS) 0.775 0.02 20 290 5 

Band8 Near Infrared 0.842 0.115 10 290 5 

Band8a Near Infrared 0.865 0.02 20 290 5 

Band9 Near Infrared 0.94 0.02 60 290 5 

Band10 SWIR 1.375 0.02 60 290 5 

Band11 SWIR 1.61 0.09 20 290 5 

Band12 SWIR 2.19 0.18 20 290 5 

 

Production detail about Landsat 8 (ITC, 2016) 

Band of Landsat8 images Wavelength (μm) Resolution (m) Swath width (km) 

Band1 Coastal/Aerosol 0.43 to0.45 30 185 

Band2 Blue (VIS) 0.45 to 0.51 30 185 

Band3 Green (VIS) 0.53 to 0.59 30 185 

Band4 Red (VIS) 0.64 to 0.67 30 185 

Band5 Near Infrared 0.85 to 0.88 30 185 

Band6 SWIR1 1.57 to 1.65 30 185 

Band7 SWIR2 2.11 to 2.29 30 185 

Band8 Panchromatic 0.5 to 0.68 15 185 

Band9 Cirrus 1.36 to 1.38 30 185 

 


