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Abstract

In the present article distribution of the waste disposal thermal radiation caused by
biochemical processes of decomposition is examined. Using thermal channels of the Landsat 8 (OLI)
the waste disposal spectral characteristics are obtained. All this data is compared with solar activity
during the same period and differences between internal thermal radiation and solar influences are

discussed.

Introduction

With the permanent increasing of human population, a serious problem
concerning air and water pollution and also soil contamination arises. This is the
problem of waste disposals sites (WDS) and its influence on the surrounding
environment [1, 2]. These disposals are main source of methane emissions (CH4),
which is one of the greenhouse gases with strong influence on the atmosphere and
prerequisite of the greenhouse effect with anthropogenic character. Waste gases are
organic products, a result from decomposition of waste in anaerobic conditions. They
are composed mainly from methane (CH4) and carbon dioxide (CO») [3, 4].

The areas occupied by waste disposals are rapidly growing, as in some cases
they are unregulated. For example in 2012, 481 kg solid waste per single person for
the population in European Union is generated [5].

This research focuses on Suhodol waste disposal close to the Bulgarian
capital, Sofia. Officially this disposal was formed 30 years ago with purpose of Sofia
municipality waste collecting. Its exploitation is achieved in two stages, and the first
stage was until 1995.

The main goal of this work is calculating the surface temperature caused by
waste internal thermal radiation and determining the places where the temperature is
the highest (thermal points). Several time intervals are examined.
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In Fig. 1 is shown the location of the waste disposal Suhodol, Sofia. The
object is in geographic coordinates 23°12°03"" E and 42°41°26"" N (WGS 84,
UTM 34N).

Fig. 1. Location of the waste disposal Suhodol, Sofia.

Materials and methods

Current investigation uses thermal channels of Landsat 5-7 ETM+ and
Landsat 8 OLI/TIRS, as for the calculation of thermal radiation is used band 6 of
Landsat ETM+ with wave length 10.40+12.50 um and band 10 with wave length
10.6+11.9 pm. Images for four years and for two different seasons (winter and
summer) are considered. In Table 1 are described the images.

We can write a general formula for Landsat 4-8: [6-9]

b
cxQ+d

(1) T[K] =axn71 ( + 1)

Where a, b, ¢, and d are the constants for the different types of Landsat
images, T is the pixel temperature (K), Q is the spectral brightness coefficient of the
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surface in the thermal channel Landsat (4—8) satellite images are downloaded from
web page https://earthexplorer.usgs.gov/.

Table 1. Used Landsat satellite images

Date Satellite
31.01.2004 Landsat 7 ETM+
18.08.2004 Landsat 5 TM
28.01.2006 Landsat5 TM
23.07.2006 Landsat5 TM
02.01.2009 Landsat 5 TM
23.07.2009 Landsat 7 ETM+
02.01.2017 Landsat 7 ETM+
21.07.2017 Landsat 8 OLI

After the georeferencing procedure of the thermal images the cutting out of
the rectangular sections in each image covering the vicinity of the geographic
coordinates is carried out. The time series {Q1, Q2, ..., Qn} of the images in the
thermal channel of each WDS are extracted. The data from the image is converted
into the surface temperature {T1, T2, ..., Tn} using transformation:

_ af_b
) Tico; = a*Ln (C*Qw

+ 1) —273.15 ,

where:

aisthe K, =Thermal conversion constant for the band (K2 CONSTANT BAND n
from the metadata);

b is K; = Thermal conversion constant for the band (K1 CONSTANT BAND n
from the metadata);

c is M; = Radiance multiplicative scaling factor for the band
(RADIANCE_MULT BAND _n from the metadata);

dis Ly = Spectral radiance (W/(m2 * sr * um));

Q = L1 pixel value in DN;

T =TOA ( Top of Atmosphere) Brightness Temperature

The time series for WDS are formed together with the mask for clouds and

“blankness” and are entered into the database. The time series of images for
temperature for each landfill or WDS is systematized [10].

18


https://earthexplorer.usgs.gov/

Results

Presented results are for the following days: 18.08.2004, 31.01.2004,
23.07.2006, 28.01.2006, 23.07.2009, 02.01.2009, 02.01.2017 and 21.07.2017. We
have tracked the internal thermal radiation of the Suhodol waste disposal for four
different years. In Fig. 2 land surface temperature (LST) of waste disposal Suhodol
is presented. Hot spots are situated in the center of the landfills. A temperature
variation of 4°C between the center and surrounding area is observed. Average
surface temperature is —7° C while the core temperature of the landfills reaches —4° C.

In Fig 3 the temperature for 18.08.2004 is calculated. In the summer there is
an increased rotting activity which increases the temperature of this area. Hot spots
move beyond the limits of the landfill. The average surface temperature is +26°C
while the temperature within the landfill reaches +31°C.

During the winter of 2006 the average surface temperature is —6°C, and
within the landfill it reaches —4°C. The hot spots move toward the center and the
north parts of the observed object (Fig. 4).

In 23.07.2006 the same temperature displacement as in July 2004 is detected.
The highest temperature is again at the center of the object in question as well as in
its north part (+34° C).

Fig. 2. LST of Suhodol — 31.01.2004 Fig. 3. LST of Suhodol — 18.08.2004
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Fig. 6. LST of Suhodol — 02.01.2009

Fig. 7. LST of Suhodol — 23.07.2009



Fig. 8. LST of Suhodol —02.01.2017 Fig. 9. LST of Suhodol —21.07.2017

In Fig. 6 is shown that the hot spots are entirely in the northern part of the
investigated object. The average surface temperature is —0.5° C, while within the
landfill it is +1°C. In the end of the July 2009 (Fig. 7) a major change in landfill
temperature is observed. The highest values are found in the northern part - +38.5°C.
The average temperature is +29°C.

In January 2017 significant displacement of the hotspot compared to
previous years is observed. The temperature difference between the object and
surrounding area is 2°C. In Fig. 8 are presented calculated temperature values for
21.07.2017. The temperature has the highest values in the northern part of the landfill
+33°C.

P %00
20000 — SAL of RoM (Suhooa) - 21 T 0N 3300 | == SAC of ndtil (Surodc)
23505
w 000 s
b=
o
o
tr em 88 1 s 1M 1M 21 we ns 2443 0,49 0.5 00050708 074 6 1W36 4430, 050. 5451374 1 41 219
sy um IO =
Fig. 10. Spectral reflectanse characteristics ~ Fig.11. Spectral reflectanse characteristics
of landfill of lanfill

21



For comparison, landfill spectral characteristic with different sensors are
made. In Fig. 10 and 11 spectral reflective characteristics of the waste disposal
Suhodol for 21.07.2017 and 08.06.2018 are presented. The used sensors are Landsat
8 and Sentinel 2 (Copernicus, ESA, https://scihub.copernicus.eu).

Solar activity

Land surface temperature (LST) is one of the most usable parameters in
studying the physical and chemical processes and phenomena that involve energy
balance in hydrology, biology meteorology etc. Short and long-term variation of LST
depends strongly on the amount the solar energy that reaches the Earth’s surface and
therefore on the diurnal variation, seasons and climate zones. One of the most
reliable indicators for the estimation of the solar energy that reaches the Earth is solar
irradiance (W/m?) and the solar £10.7 index (2 800 MHz) which correlates with the
sunspot number and Ultra Violet (UV) radiation. F10.7 radio emissions are very
sensitive to the processes in the upper chromosphere and at the base of the solar
corona. It is present in solar flux units (sfu), where 1 sfu =102 W m?2 Hz .

In Fig. 12 and Fig. 13 are shown the variations of the total solar irradiance
(W.m) (http://spot.colorado.edu/~koppg/TSI/) for the last several years that reach
the outer part of the Earth’s atmosphere and solar radio index 10.7 cm (sfu)
(https://omniweb.gsfc.nasa.gov). It can be seen that during the period of last solar
minimum, i.e. 2016-2018, the values of both indicators are smaller than those
measured in previous years.

SORCE/TIM Irrodiance (Version 17-1807)

g

2004 2006 2008 010 FLLk 04 Pl 1018
Yoor
B Eapp, OF Sl 2008

Fig. 12. Variation of the total solar irradiance
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Fig. 13. Variation of the solar radio flux at 10.7 cm

Conclusion

This work presents a study of Suhodol waste disposal and its thermal

radiation caused by biochemical processes of decomposition using satellite data. The
results can be summarized in the following statements:

In 18.08.2004 an increased rotting activity is observed which increases the
temperature of the landfill. Hot spots move beyond the limits of the landfill.
During the winter of 2006 the hot spots move toward the center and northern
parts of the observed object.

In 23.07.2006 the same temperature displacement as in July 2004 is
detected. The highest temperature is again at the center of the object in
question as well as in its north part (+34° C).

In January 2009 the hot spots are entirely in the northern part of the
investigated object while in the end of the July 2009 a major change in
landfill temperature is observed.

In January 2017 significant displacement of the hotspot compared to
previous years is observed. The temperature difference between the object
and surrounding area is 2° C. The temperature has the highest values in the
northern part of the landfill - +33°C.

According to the F10.7 index and Solar irradiance, solar energy reaching the
surface during the period of last solar minimum - 2016-2018, is less than
the measured in previous years. The observed landfill temperature variation
do not show measurable dependence with solar activity.
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MN3IOJI3BBAHE HA CIITbTHUKOBU TIAHHMU 3A NU3CJIEABAHE
HA COBCTBEHOTO TOIIVIMHHO U3JITBYUBAHE HA CMETHIIA
C OTYUTAHE HA BJIMAHUETO HA CJIBHUETO

A. lanuesa, C. Acenoscku

Pe3rome

B Hactosmata pabota ce u3cienBa paslpelelieHHETO Ha COOCTBEHOTO
TOIUIMHHO W3JIbUYBaHE HAa CMETUINA, MPEAU3BUKAHO OT OMOXMMHUYHU MPOIECH Ha
pasnmarade. M3moiBBaHW ca TOINTMHHWUTE KaHamd Ha ceH3opa Landsat 8 (OLI).
[lomydenu ca crieKTpalHU XapaKTEpPUCTUKY HA CMETHIIa OT ceH3opute Landsat 8 u
Sentinel 2. Ha 0a3ara Ha COBTHUKOBU JAHHU 3a CIbHYEBATA AaKTUBHOCT €A OTYETEHHU
Pa3IUKUTE MEXTy COOCTBEHOTO TOIUTMHHO M3ThUBaHE W BIUSAHUETO Ha CIBHIIETO.
[lomyuenu ca pe3ynTatu 3a pa3iMYHU BPEMEBU CE30HU OT PA3IUYHH MO CBOETO
MPOCTPAHCTBEHO PA3MNPECICHIE CMETHILA.
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