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Abstract— Detection of clouds and analysis of cloud frequency play an important role in operational weather prediction as well as in eco-

climatological studies. In the present study, a threshold based technique for cloud detection in Bangladesh and its surrounding areas has been 

developed based on National Oceanic and Atmospheric Administration Advanced Very High Resolution Radiometer (NOAA - AVHRR) satellite 

time-series data. The method consists of three tests. The first test is based on channel-1 reflectance of AVHRR images. The second test is based 

on channel-4 temperature of the same images. And the third test is based on both channel-1 and channel-4 data.  Cloud detection is performed 

using the first and second test and the third test is used to detect cloud shadow. The algorithm has been applied to the NOAA-17 day time 

imagery for prominent seasons of Bangladesh for detecting clouds. Performance of the method has been evaluated visually.  It is observed that 

the efficiency of the method in detecting cloudy pixels is sufficiently higher for operational use. 

 

Index Terms— Cloud detection, NOAA-AVHRR, Threshold based technique, performance of cloud detection. 

——————————      —————————— 

1 INTRODUCTION                                                                     

LOUD detection on the basis of data from geostationary or 

polar orbiting weather satellites has a long tradition in satel-

lite meteorology [1], [2], [3]. Cloud information is especially 

important for now-casting purposes [4] and as an input for differ-

ent satellite based estimation of atmospheric and surface parame-
ters [5], [6], [7]. The spatial information on the occurrence of 

clouds, its frequency, types; phases as well as optical and micro-

physical properties are also of great importance for climatic-

ecological studies  [8], [9], [10], [11], [12], [13].  

      Clouds also play important role in the energy balance and the 

water cycle of the vegetation. As a result, the availability of cloud 

and rainwater determines the vertical distribution of vegetation 

[5]. Several cloud-classification schemes based on data from the 
polar and geostationary orbits have been developed in Europe 

and America over the last decades. Unsupervised classification 

by cluster analysis was developed by  Seddon and Hunt,  Guillory 

et al., and McClain et al. [14], [15], [16]. A successful strategy 

was to use one-dimensional and multidimensional histogram 

techniques [17]. The most common methods for cloud detection 

are the threshold-based algorithms which are based on NOAA-

AVHRR data like APPOLO schemes [18], [19], [20] or super-
vised classification approaches like SCANDIA scheme of Karl-

son [21], [22]. The threshold technique is relatively simple. It 

applies several spectral and spatial tests to satellite data to detect 

not only cloud filled pixels but also the types of clouds. But there 

is problem related to threshold based technique- it is space sensi-

tive and requires several adaptations to the threshold [5],  [23].     

      The practice of utilization of modern space based technology 

to gather knowledge about the spatial pattern of clouds, cloud 
frequency and precipitation is rather low for Bangladesh, a coun-

try which is very much vulnerable to climate change. The goal of 

this study is to present a simple threshold based method for the 

detection of cloud in a tropical environment of Bangladesh and 

its adjacent areas from NOAA-AVHRR digital images. 

 

 

2   DEVELOPMENT OF SATELLITE BASED 

ALGORITHM 

A simple 4-step threshold method using visible and infrared 

channels was developed to detect the cloud contaminated pixels 

from NOAA-17/AVHRR visible and thermal infrared day-time 

imagery. Satellite visible (VIS) and infrared (IR) imagery have 
different ways of detecting clouds. Visible imagery is produced 

by the sun's rays reflecting off of clouds. Infrared imagery is pro-

duced by sensing the emitted radiation coming off of clouds. 

Temperature of cloud will determine the wavelength of radiation 

emitted from clouds. Some advantages of visible imagery is that 

it shows cloud texture better, and can be used to get a good idea 

about the thickness of clouds. Some advantages of infrared im-

agery is that  it can be used to determine the temperature of cloud 
tops and earth surface features, and it can be used to get a general 

idea of how high the clouds are. 

The satellite based algorithm has been developed from AVHRR 

data obtained from satellite passes over Bangladesh and its adja-

cent areas. The AVHRR onboard NOAA-series have six channels 

at 1.1 km spatial resolution ranging from the visible to infrared 

spectrum. In general, clouds have a relatively higher reflectance 

and lower temperature than those of land and sea surfaces. Many 
previous works have used this simple logic in indentifying clouds 

from satellite remote sensing data [24], [25], [26], [27], [28], 

[29], [30])  The AVHRR radiometer on board NOAA satellite 

has two channels in the reflective wavelength band (channel-1 

and channel-2) and two channels in the thermal infrared band 

(channel-4 and channel-5). Among the two reflective channels, 

channel-1 is less modulated by vegetation and hence provides 

more contrast between land surfaces and clouds [5]. On the other 
hand, for the AVHRR thermal infrared bands, atmospheric atten-

uation is greater in channel 5 than in channel 4 [31]. This differ-

ence increases with increasing atmospheric water vapor content. 

For these reasons, in this study, we have used channel-1 and 

channel-4 for discrimination of clouds from other image features. 

C 

Dynamic visible threshold test 

(Channel-1 reflectance> threshold 

value) 

Combined threshold test  (detection of shadow) 

(a) channel-1 reflectance < threshold value 

and channel-4 temperature ≈ threshold 

temperature. 

(b) Channel-1 reflectance < cloud reflectance 

and channel-4 temperature ≈ cloud tem-

perature. 

Thermal infrared test 

(Channel-4 temperature < threshold value) 

Preprocessing of satellite images 

and preparation of reference 

data 

Fig. 1  Algorithm of cloud detection scheme. 
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The algorithm of the developed cloud detection scheme has been 
presented in figure-1. 

 

Step 1: Preparation of clear sky reference layer- The orbiting sa-

tellites, like NOAA, provide images having swath width of about 

2399 km. Due to such large swath width, during the scanning 

process, a number of geometric distortions are introduced into the 

image data [32]. Also, raw images obtained from the ground receiv-

ing stations are not maps. They could not be used to find positional 

parameter of any point on the image or for image to image compar-

ison. Therefore, geometric correction of the images is necessary for 

achieving required locational accuracy and registering the images 

with a common map coordinate system. Also the images are radi-

ometrically calibrated to convert the DN values to physical parame-

ters; top of atmosphere (TOA) reflectance from channel-1 and 

brightness temperature from channel-4. Geometric correction and 

radiometric calibration have  been done as described by [33] and 

[34] respectively. On the clear sky, the dominant element of the ob-

served reflectance and brightness temperature are the ground 

reflectance and ground temperature respectively, which depend on 

the ground conditions and atmospheric conditions, such as moisture 

content and vegetation. 

       At first, in order to detect cloud-contaminated pixels by 
Channel-1 for various ground conditions, a reference ground ref-

lectance map should be prepared. Since the ground reflectance is 

much lower than cloud reflectance and that the lifetime of cloud 

is generally shorter, it is proposed that the minimum value of the 

reflectance derived at a certain site within a certain period of time 

can be taken as the signature of the reference ground reflectance 

[35]. We have constructed the clear sky ground reflectance image 

layer using a simple filtering method applied to the time series of 

satellite images; in this case, all daytime images (apparently 

cloud free images only) for a month. All images for the month 

under analysis were compared, and minimum values for the cor-

responding pixels were taken. The minimums of these apparent 
values for a month were retained as the clear sky reference reflec-

tance of the pixels for the month [36]. Here reference reflectance 

contains the reflectance of the surface plus the reflectance from a 

clean, clear and dry atmosphere above the surface. Secondly, in 

order to detect cloud-contaminated pixels by channel-4 on vari-
ous thermal conditions, a reference brightness temperature image 

of the ground should be prepared. Since the brightness tempera-

ture of ground is higher than the brightness temperature of cloud, 

the minimum value of the brightness temperature derived at a 

certain site within a certain period of time can be taken as the 

index of the reference ground temperature [35]. The reference 

ground temperature map has been prepared using the same pro-

cedure for preparation of reference ground reflectance map. 
 

Step 2: Dynamic Visible Threshold Test - The first test for cloud 

detection is the dynamic visible threshold test using TOA reflectance 

value from channel-1. The threshold value is identified from the ref-

erence ground reflectance. In this test, all pixels with channel-1 ref-

lectance greater than a predefined threshold value are defined as 

cloudy [37].  

 

Step 3: Thermal Infrared Test- The second test is the threshold 

temperature test using brightness temperature from channel-4. In this 

test, all pixels with brightness temperature less than a predefined 

value are taken as cloudy.
  
Both the visible test and thermal test can 

be used to detect all cloud types.  

 

Step 4: Combined Threshold Test (Ch-1 & Ch-4) - The purpose of 

this test is to detect shadow of cloud on earth surface and shadow of 

one cloud on another cloud. When shadow is cast by clouds on earth 

surface, the reflectance of the surface covered by shadow becomes 

lower than the clear sky reflectance of the area but the temperature of 

the surface does not change noticeably between the clear and shadow 

cases.  On the other hand, when shadow is occurred by one cloud on 

another cloud, its reflectance become much lower than the cloud 

reflectance and temperature remains the same as the cloud. Thus the 

shadow on ground and on the cloud can be detected through the 

combined reflectance and temperature test. 

3 RESULT AND DISCUSSION 

The algorithm developed in this study was tested for full resolution 

AVHRR/3 images from day-time NOAA-17 passes over  
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(a)) 
(b) (c) 

 Fig. 2  (a) Raw multispectral image of 15 April 2005, 10:35am. (b) Monochrome image showing cloud areas obtained through test-1 and 

(c) Image showing cloud areas obtained through test-2. 

(a) 

(b) 

(c) 

Fig. 3  (a) Shows the raw satellite image of 02 August 2005 11:05am. (b) Image showing cloud areas through test-1 and (c) Image showing 

cloud areas obtained through test-2. 

(a) 
 
 
 

(b) 
(c) 

Fig. 4  (a) Shows the raw satellite image of 17 December 2005, 10:00am. (b) Image showing cloud areas through test-1 and (c) Image 

showing cloud areas obtained through test-2  
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(a) 

  Shadow 

Fig.-5  Shadow cast by cloud on Earth’s surface (left). In the right, 

shadow detected by using the combined application of the reflec-

tance and temperature properties. 

Bangladesh and its adjoining areas. Data for the months of April, 

August and December for the year 2005 was processed for this study. 

The images were obtained from satellite Earth station located at 

Bangladesh Space Research and Remote Sensing Organization 

(SPARRSO).  The data were first Earth-located and calibrated to 

obtain brightness temperatures and top-of-atmosphere bidirectional 

reflectances required as input to the cloud detection scheme. In the 

present technique, three threshold tests were applied to the day-time 

AVHRR data for the detection of cloud-contaminated pixels. Effi-

ciency of the algorithm in detecting clouds was assessed through 

visual inspection between raw multispectral color images and cor-

responding cloud masked images (single channel black and white 

image). Seasonal variations of threshold values were determined by 

taking images from three prominent seasons (winter, summer and 

monsoon) of Bangladesh.  

        Fig 2(a) shows the raw image of 15 April 2005 (summer pe-

riod). The time of satellite pass was 10:35am local standard  

 

 

 

 

 

 

time (LST). For this month the threshold reflectance and threshold 

brightness temperature values were 20% and 18°C respectively. Fig-

ure 2(b) and figure 2(c) present the resulting images after performing 

test-1 (reflectance test) and test-2 (temperature test) respectively.  In 

Fig. 2(b) the image features whose reflectances are higher than 20% 

have been marked as clouds. In Fig. 2(c) features whose tempera-

tures are lower than 18°C have been classified as clouds. The cloudy 

pixels are shown in black.    

      Fig 3(a) shows the satellite image of 02 August 2005 (rainy sea-

son). The time of image acquisition was 11:05am LST. For this 

month the threshold reflectance and threshold temperature values 

were 15% and 10°C respectively. Figure 3(b) and figure 3(c) present 

the cloud masked images obtained by performing test-1 and test-2 

respectively.  

     A raw image contains some cloud of 17 December 2005 (winter 

season) is shown in Fig.  4(a). The time of image acquisition was 

10:00am LST. For this month, the threshold reflectance and thre-

shold brightness temperature values were 19% and 14°C respective-

ly. Fig. 4(b) and Fig. 4(c) present the cloud maps obtained through 

applying test-1 and test-2 respectively.   

        Fig. 5(a) shows a typical satellite image containing shadow 

casts by cloud on the Earth’s surface. The image was received on 23 

Aril 2005 at 11:10am. Fig. 5(b) presents the image of cloud shadow 

marked by the combined application of reflectance and temperature 

test. White areas in this image represent the cloud shadow.  

        From the study it is observed that the reference values of reflec-

tance and temperature vary with seasonal variations. Also there is a 

small difference in the ways the two threshold based algorithms per-

form cloud detection functions. A small under- and over-estimation 

problem has been witnessed for both the tests.  From the images as 

depicted in Fig. 2(a) to 2(c) it is observed that, for summer periods, 

both the reflectance and temperature based tests have reasonably 

higher efficiency in identifying cloudy pixels. Dynamic visible thre-

shold test, however, cannot detect a small number of very thin water-

cloud pixels as observed in the middle-right part of figure-2(b). This 

may happen due to the fact that reflectance of the very thin water 

clouds may sometimes be equal to or even sometimes lower than the 

cloud-free land surfaces and so this type of clouds were flagged as 

clear pixels.  By inspecting the images from Fig. 3(a) to Fig. 3(c) it is 

observed that, for monsoon period, test-1can detect all types of 

clouds with higher efficiency but test-2 cannot detect many of the 

low-level broken clouds as seen in the upper part of Fig. 3(c). 

This shortcoming of temperature based test may arises from the 

fact that the average temperature of the lower height broken 

cloud pixels may be very close to that of cloud free surfaces. For 

winter period it is observed that efficiency of test-2 (thermal 

infrared test) is higher than that of test-1 in identifying all cloud 
types [Fig. 4(a) to 4(c)]. In case of test-1 some of the pixels orig-

inally covered by thin low level clouds remain undetected as seen 

in the top-right part of Fig. 4(b).  Saunders and Kriebel [19] re-

ported similar results of channel properties when applying mul-

tispectral AVHRR data to detect cloud. 

 

4 CONCLUSION 

In this study, a threshold technique has been developed to detect 

cloud for a tropical region. The method is consists of three tests 

to detect cloud and cloud shadow using AVHRR radiometer data 

from the polar orbiter NOAA satellite. The efficiency of the me-

thod in identifying clouds was tested visually. It was observed 

that the method can detect almost all of clouds with reasonable 

accuracy. It was also observed that there are some seasonal ef-

fects on the effectiveness of the visible and thermal infrared tests. 
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