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Abstract

The detection and estimation of weathering conditions have become a very
important daily necessity in our life. For this purpose, several satellites of low
resolution imagery were launched by the weathering and environmental
agencies. The important weather paremeters are temperuter, wind direction,
velocity, clould and humidity, etc. The low resolution images often deal with
large-scale phenomena and the interpretation and projection of the produced data
requires continuous development of tools and criteria.

In this paper, the low spatial resolution data generated by the moderate
resolution imaging spectroradiometer (MODIS) were used to monitor the cloud
density and direction above Irag and its neighboring countries for the period
from 14-12-2021 to 23-12-2021. The MODIS reflectance and surface
temperature (HDF format) data were used and processed to achieve the purpose
of this research. The reflectance data were projected according to a sinusoidal
system due to the presence of three Earth zones distributions (37, 38, and 39, N).
The cloud density was estimated from the digital values and the wind direction
was estimated from the bands animation. The direction of wind for the cloudy
condition was from the North-East. The digital data processing included data
preparation and selection, georeference (adding a projection system), features
extraction, and displaying the final results. All data were evaluated using ENVI
(Environment for Visualizing Images, ver. 4.5.)
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1. Introduction

The weather monitoring and estimation is considered as an important application of
remotely sensed data which has a remarkable interest in humans daily life. For this
purpose, several spaceborne and airborne sensors in different spectral bands were designed
and launched, [1]. These sensors have low spatial resolution and utilized for monitoring
and recording large areas or large-scale phenomena. Clouds are the major factor that
controls water balance and energy in the Earth. Also, the cloud condition is characterized
by often uncertain sources and components, [1]. A cloud can be defined, according to the
American Meteorological Society’s Glossary of Meteorology, as a visible aggregate of
minute water droplets and/or ice particles in the atmosphere above the Earth’s surface, [2].
The monitoring of cloud areas by satellite imagery involves many parameters and
limitations. Clouds could be monitor through high reflectance in the visible band and low
radiation emission in the thermal bands, [2].

The Moderate Resolution Imaging Spectroradiometer data, (Reflectance and Surface
temperature were used to detect and monitor the clouds over different regions of interest,
[3]. The (MODIS) is a an instrument that was launched by the National Aeronautics and
Space Administration (NASA) in 1999, the MODIS employs two satellites, (Terra satellite,
1999, Aqua satellite 2002). These satellites provide a global view for the Earth’s surface
and atmosphere in 36 different spectral bands. The MODIS spatial resolutions are 250 m,
500 m, and 1 km distributed through the spectral bands, The visible and reflected bands are
those of 250 to 500 m, whereas, the thermal band are of 1 km in spatial resolutions, see
appendix A. The spectral bands are variable from 8-bit to 16-bit images, [3]. The (NASA
earthdata) website provides the user with many types of MODIS data which are coded in a
particular format. Hence, the user must select the perfect type of MODIS data according to
the research problem, size of region of interest, the nature of this region, for download
request and data format details, visit the https://urs.earthdata.nasa.gov/home.

2. Region of Interest and Available Data

The region of interest is a full MODIS scene of an area of 1200%1200 km? which is
assigned in the MODIS data index as “Coordinates: 35.0468 , 43.0305”. The main scene
area represent the Iraq country and a parts of all neighboring countries except. The
geographic corners of the Region Of Interest, ROI can be given as;
NW corner, Lat. 40° 01’ 40.09” N, Long. 39° 00’ 52.20" E
NE corner, Lat. 39° 59'56.76" N, Long. 52° 13' 56.28" E
SW corner, Lat. 29° 52' 58.08" N, Long. 34° 29’ 24" E
SE corner, Lat. 29°51"32.04"” N, Long. 46° 10’ 02.28" E
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The topography of the study area is vary from flat terrain to ragged terrain. The
flatness goes to the south of the area, while the elevation from the sea level is about 1000
m in North to 7 meter in South. Two capital cites are found in the area, namely Baghdad
and Amman, whereas many other big cities can also be found. The water resources can be
found as a part of the Caspian sea, rivers, and lakes. The precipitation of this area is bout
100 mm in North to few millimeters in South. . The vegetation areas are concentrate in the
northern part of the studied area and degraded toward the south; therefore, the south-
western part of the area can be describe as desert. Figure 1 represents the ROI.
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Figure 1: Location E)f

The available data are satellite imagery from the MODIS Terra and Aqua sensors for
the reflectance and surface temperature bands. These data are free to downloaded from the
USGS Earth Explorer and NASA Earthdata websites. The used data in this research are
daily Level 2 MODO09GA, Terra/Aqua Surface Reflectance of 250 m, 500 m to 1 km
spatial resolution, (from band 1 to band 7), and, the daily surface temperature Level 3
MOD11A1 (1) km in spatial resolution, (band 31 & band 32). This mode of data was
georeferenced to sinusoidal projection, [3]. The data period is 10 days from 12/14/2021 to
12/23/2021, the reasons of selecting this time of the year are related to the cloud frequency
increase and also temperature decrease. The temperature decrease is related with the using
of MOD11A1 mode.

3. The Cloud Overview

The clouds are considered as important factor in all climatic and weather conditions.
Also, many cloud caused a rain which is control the energy balance on the Earth. The
monitoring of cloud by satellite data became more convenient in climatic and weather
estimation, this remotely sensed application save time and public to all sites on the Earth.
According to international cloud atlas, the clouds can be classified with respect to highest
form the earth surface, such as, low cloud; (less than 2km), medium cloud; (2-7 km), high
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cloud; (5-13 km). The highest of clouds is depends upon several factors, i.e. environmental
and climatic factors, [4].

4. Research Methodology

The methodology of this research includes the data description and pre-processing,
cloud extraction from the reflectance mode, digital change detection, comparing the
reflectance results with the thermal bands, and cloud animation. The animation facility in
the ENVI provides a display of the band in sequence that the images appears as movies.

4.1 Data Description and Pre-Processing

The NASA Earthdata provided several types of MODIS reflectance modes including
different spatial, spectral, and temporal resolutions. The 8 day MODIS Terra/Aqua band 1-
7, Surface Reflectance 8-Day L3 Global 500 m, MODO09AL, records the best observations
in 8 day, i.e. the image is free from cloud, shadow and aerosol. This mode is not used in
the current research due to cloud decline. The MODO09GA L2 daily MODIS band 1-7
surface reflectance at 500 m to 1 km resolution was used in cloud detection and
monitoring. This type of data was provided with out projection reference and record all
cloud, shadow, and aerosol, the band size is 2400*2400 for 500 m, and 1200*1200 for 1
km. The Land Surface Temperature, LST mode, daily collected, level 3 (band 31 & band
32) at 1km spatial resolution was projected to Sinusoidal projection. The band size is 1200
* 1200 within the area for each square km being about 0.928km by 0.928km, [5].

The re-processing of remotely sensed data before any calculation of image features is
necessary to remove distortion and georeference the image data, [6]. The data set of
MODO9GA was re-projected to sinusoidal projection using the ENVI correction facility.
For this purpose, the reference MOD11A1 mode data were used to projected the input
MODO9GA. By selection the upper left point coordinates values, the start pixels , and
ground spatial resolution, such as, Projection; Sinusoidal, upper left point pixels (1,1) ,
ground coordinates (3335851.5593E, 4447802.0791N) m, Pixel size on the ground;
926.62543314 m. In the correction process the pixel size on the ground is was divide by 2
because the reference image is of 1 km.

At this point of view, the MODO09GA and MOD11A1 have the same projections, and
areas, but in different spatial resolutions, figure 2 shows an example of MODO09GA &
MOD11A1. Reflectance bands 1, 4, & 3, 500 m Resolution  Surface Temp. bands 31,
& 23, 1km Resolution

Figure 2: Examples of MOD09GA & MOD11A1 MODIS data, (date, 12/14/2021)
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4.2 The Digital Cloud Extraction

A threshold value method was applied to extract the cloud pixel from each reflectance
scene. The best reflectance bands for cloud detection are (b1; Red, b2; NIR, b3; Blue), [7].
The reflectance origin (Hierarchical Data Format), HDF spectral resolution is (8-16) bit.
From the statistical analysis of the band the maximum pixel values is about 15300. This
digit number represents the cloud pixels, because the cloud has high reflectance in the
visible and NIR bands. The following expression was used in Band Math facility as, [8];

Cloud pixel =(b1 gt 7000)* bl (1)

Where, b1 is any band in the reflectance mode.
7000, cloud detector threshold value. The (gt) term in equation 1 is to select the pixels
values above 7000, and multiply them by the band values to avoid the result of binary
image, i.e. the results hold the real cloud pixel values. Figure 3 illustrates an example of
cloud extraction.
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Figure 3: The Threshold Value Result Example

In figure 3, the change in cloud is illustrated visually, and the color difference between
the two images refers to variations in cloud pixels values. Note that due to high image size
the projection coordinates appear weakly.

4.3 The Digital Cloud Change Detection

At this point of view, the digital change will be calculated and extracted. The digital
change detection techniques are well known. Many conditions must be available before
any digital change detection process. These conditions includes, (1) same ground spatial
resolutions, although from different sensors, (2) same spectral resolutions and bands, and
(3) the images matching accuracy must be less than half pixel, [9]. The important factor at
this stage is to decide to which bands must be used from the 10 days. The applied bands
must be associated with the change methods. The famous change detection methods are,
image differencing, rationing, and principal components analysis as change detector. For
this case of data the differencing and rationing yields a long series of change images.
Hence, the Principal Component Analysis (PCA) is the convenient method to extract the
clod change during 10 days. In this method, the 1% bands from each cloud threshold
images were merged in one file of 10 bands. The same way was applied for the 2" bands
and 3™ bands. After applying the Principal Component Analysis, PCA kernel, the PC1
represented no image change PC2 is image change, and the other PCs are noise. Figure 4
presents the change of cloud threshold by PCA kernel, [10].
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Figure 4: The Digital Change Detection Results of PCA kernel for Cloud Threshold Images
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4.4 The Change Detection For Thermal Bands

For the surface temperature (band31 & band 32), also called emissivity bands,
MOD11A1 mode of 1 km change detection was calculated using the PCA kernel. The
wavelength of band 31 is (10.780-11.280) um, and for band 32 is (11.770-12.270) um. To
overcome the wavelength of (10.78- 12.27) um, the average of the bands was calculated,
but the result does not represent the real data values. Therefore, since, the wavelengths of
the two bands are continuous, the band 32 was used to extract the change due to long
wavelength. .In general the clouds absorber all thermal energy, and hence appear cold in
the thermal band, i.e. dark tone, [11]. The values of these thermal bands shows emissivity
i.e. (0 to 1) unit less, as shown in Appendix A. The typical temperature to record bands 31
& 32 is 300 k. Thus, the user can calculate the radiated energy recorded by the sensor
according to Stefan-Boltzmann law such as follows ;

F=coT"’ 2
Where,
F, is radiated energy per unit area recorder by sensor, watt/ m?
€, is the thermal emissivity, unitless.
o, is Stefan-Boltzmann constant, 5.67 x 10® W/m? k*
T, is temperature of thermal sources k.
For MODIS bands 31& 32, the F value is;
F =*459.27 (3)

Hence, from the above discussion, the emissivity value can be use to extract the change

of cloud for the 10 days period, see figure 5.

PC File: second bands

Figure 5: The Digital Change Detection Results of PCA kernel for Band 32, Emissivity

5. Results and Discussions

The results include the calculation of the cloud area on an image for each day of band 3
in the reflectance mode, as shown in Table 1. This paragraph was simply evaluated using
the image statistics and the threshold values between (7000 to 10000), and above 10000.
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Table 1: The Thin & Thick Cloud Area Calculation, Reflectance Mode, band 3

Thin Cloud Area km? Thick Cloud Area km? Total Cloud Area km’
28679.5 782.25 29461.75
6892 639.25 7531.25
7962.75 1173.75 9136.5
21781.75 5194.75 26976.5
16392 8044 24436
7767 8047.25 15814.25
20045.5 8142.5 28188
13680.75 9051.25 22732
12928.75 4118.75 17047.5
23795 8472.75 32267.75

From figure 4, A &B , the change of cloud areas are similar. This is a true case due to the
high correlation between the NIR and Red bands, therefore, the clouds appear with high
reflectance value in the visible band , i.e. band 3 (the Blue) is the best band for
distinguishing the cloud, as shown in figure 4, C. Building on this fact the band 3 was
selected to compute the clouds area for all days, as shown in Table 1. The thin clouds
yielded a pixels values between (7000 to 10000), where, the thick clouds yielded a pixels
values above 10000. These threshold values are corresponding to MODIS reflectance
mode the images of spectral resolution between (8 to 16) bits. From the Table 1, it is clear
that the clouds density was variable from day to day, where, the most cloudy day was
12/23/2021.

From the thermal emissivity band 32, it is observed that the clouds is cold, so the pixels
value approach to zero. Distinguishing of clouds areas is based on the low pixel values.
These calculations given in Table 2, in thermal band, the cloud density is difficult to
estimate due to the low pixels values.

Table 2: The Cloud Area Calculation, Thermal Emissivity, band 32

910733
275829

520432
743955
362543
379417
421993
369477
404177
848888

From Tables 1 and 2, the areas of cloud increase about 2.3 to 3 times at night over those of
the daylight . This was realistic because in daylight, the Sun diffuses the clouds through
thermal absorption and the clouds density becomes low. In fact, the values for these areas
did not indicate perfect cloudy zones because the shaded areas in daylight appeared in zero
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pixel values. Also, the table shows that the most cloudy day was 12/23/2012, as in the
reflectance indication.

From Figures 4, C and 5, it is observed that the changes in clouds over the areas of the
scenes occurred in absolutely different tones; i.e. bright tone for reflectance mode and dark
tone for emittance mode. Many shifts in the clouds’ positions can be noticed due to the
difference in temperature between night and daylight. Using the ENVI image animation, it
was found that the direction of wind for this cloudy case is from North-East to South-West.
The 2-D scatter plots in Figure 4 A to C represent the Eigen values of the Forward PCA
transform. These values start from the maximum value corresponding to PC1 to the
minimum value for PC10. The overall integration of Eigen values is equal tol.

In the PCA change detection transform, some noise may appear in the images. This
was due to the uncorrelated bands t used in the PCA kernel; i.e. the PCA kernel was
applied for correlated data, such as the multi bands data from one scene, but the PCA
change detectors dealt with the same band for different temporally scenes.

6. Conclusions

From the above results, the following can be concluded;

e The clouds can be detected and monitored from the multi band remotely data but with
a suitable spatial resolution.

e The MODIS MODO09GA daily reflectance and MOD11A1 daily surface temperature
were used to extract the results.

e The clouds appeared in high reflectance in the Blue band and low emittance in the
thermal bands due to their absorption of all energy by the clouds.

e The digital change detection showed similar results between the NIR and Red bands,
this is true due to the continuity of these bands.

e The change results showed that, the cloud areas vary from day to another, while, the
most cloudy day was 12/23/2021.

e From the image animation, it was found that the direction of wind for the cloudy case
is from North-East to South-West, whereas the daily weather records expected the wind
direction to be East-Southeast.

e For a series of temporally data, the PCA change detector is convenient to extract the
changes after files preparation.
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Appendix A
The MODIS Spectral Bands Characteristics, [7]
Band No. Spectral Bands, nm Usage Notes

1 620 - 670 Land/Cloud/Aerosols Red, Reflectance

2 841- 876 Boundaries NIR, Reflectance

3 459 - 479 Blue, Reflectance

4 545 — 565 Green, Reflectance
5 1230 -1250 Land/ 'g;gr/ Lerosols NIR, Reflectance

6 1628 - 1652 MIR, Reflectance

7 2105 - 2155 MIR, Reflectance

8 405-420 Short Blue, Reflectance
9 438 — 448 Blue, Reflectance
10 483 - 493 Blue, Reflectance
11 526 -536 Ocean Color/ Green, Reflectance
12 546 -556 Phytoplankton/ Green, Reflectance
13 662 — 672 Biogeochemistry Red, Reflectance
14 673 -683 Red, Reflectance
15 743 -753 NIR, Reflectance
16 862 -877 NIR, Reflectance
17 890 -920 ) NIR, Reflectance
18 931 -041 Atmos‘\’/haegé‘; Water NIR, Reflectance
19 015 -965 NIR, Reflectance
20 3660 -3840 FIR, Emittance, 300 k
22 3929 - 3989 Surface Temperature FIR, Emittance, 300 k
23 4021 - 4080 FIR, Emittance, 300 k
24 4433 -4498 ) FIR, Emittance, 250 k

Temperature Profile 5
25 4482 — 4549 FIR, Emittance, 275 k
27 6535 — 6895 FIR, Emittance, 240 k
28 7175 - 7475 Moisture Profile FIR, Emittance, 250 k
29 8400 -8700 FIR, Emittance, 300 k
30 8580 - 9880 Ozone FIR, Emittance, 250 k
31 10780 -11280 FIR, Emittance, 300 k
Surface Temperature 5

32 11770 -12270 FIR, Emittance, 300 k
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33 13185 -13485 FIR, Emittance, 260 k
34 13485 -13785 . FIR, Emittance, 250 k

Temperature Profile 5
35 13785 -14085 FIR, Emittance, 240 k
36 14085 -14385 FIR, Emittance, 220 k
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