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Abstract
The current investigation assessed the relationship between the Land Surface Temperature
(LST) in terms of vegetation and built-up indices in the Mymensingh district during the
Keywords winter season using Landsat 8 OLI/TIRS. The lowest LST indicated in the study has been
found within areas where vegetation was the highest/most dense while the highest LST was
LST, found in areas with increasing built-up. It was also found that LST-NDVI (R? = 0.74) and
NDVI, LST-NDBI (R? = 0.99) possess a negative and positive correlation respectively thus
NDBI, showing that the applied methods show efficient techniques to monitor and correlate the
Landsat 8 OLI/TIRS, LST with the spectral indices. Although the phenomena of urbanization cannot be stopped
Agroforestry. entirely, however, it can be controlled through proper planning and stricter policies which
can ensure adequate living for all the residents along with a balanced ecosystem. As a
consequence of growing urbanization, there exists serious stress on vegetation therefore, the
application of agroforestry technology on a large scale can ensure better living and improve
socio-economic conditions.
Introduction

The earth has turned into an urban planet. Though urban
takes up a small fraction of the total global land area, it
holds more than 54% of its population. It has also been
said that the urban population is expected to grow by
over 2 billion by 2050 (United Nations, 2014). As a
fundamental aspect of the climate, Land Surface
Temperature (LST) drives the turbulent heat fluxes and
outgoing long wave radiation at the interface between
the atmosphere and land which is why it is commonly
used for drought monitoring, soil moisture estimation
and so on (Anderson et al., 2011). In fact, on several
time scales, the LST exerts control over the energy
partitioning into latent and sensible heat fluxes and is a
strong indicator of trends in surface warming from
climate change (Schneider and Hook, 2010).
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To monitor almost all fields within the science domain,
geospatial technology can be considered a useful modern
method. By employing the spectral signature of land
surface materials under various regions of wavelengths,
satellite sensors such as Landsat have a significant role in
determining the changes in the specific characteristics of
these materials (Chen et al., 2006). The retrieval of LST
from Thermal-Infrared (TIR) data provides spatial
measurements that are continuous and can examine the
thermal heterogeneity of the earth's surface along with
the impact on surface temperatures as a result of natural
and human-induced changes (Jin and Dickinson, 2010).
Besides, a widely used spectral index in LST estimation
is the Normalized Difference Vegetation Index (NDVI)
which shows the condition and abundance of the green
vegetation cover and biomass.
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Moreover, the Normalized Difference Built-up Index
(NDBI) is also invariably used in LST studies and
provides information on the extent of urbanization and
the land cover change with the higher values suggesting
the existence of a more impervious surface and vice
versa.

While regional and global climate changes can have an
impact on changing the climate of the urban surface,
urbanization is an evident aspect of human alteration of
the natural landscapes and climate (Fan et al., 2017).
Urbanization, the anthropogenically induced change in
surface fluxes, not only increases the concentration of
atmospheric greenhouse gasses and land use and land
cover change but is also a key factor in driving the
formation and evolution of urban climates. The rise in
urban areas results in a major decrease in the vegetation
cover which not only increases the LST but also results
in the Urban Heat Island (UHI). Several studies have
found that places have experienced the UHI effect a
decade earlier than the global average (Briber et al.,
2013; Carreiro et al.,, 2009). Unplanned urbanization
also poses a major threat to the overall ecosystem and
the environment.

As modern practices destroy natural flora and the local
micro-environment, this results in more natural hazards
thus, in order to bring back the ecological equilibrium,
agroforestry can act as a critical solution as it stands
next to forestry (Haque et al., 1996).
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By definition, agroforestry is an agroecological approach
to tackle complex problems of interactions between the
woody perennial and other productive components of
agriculture (Haque et al., 1996). The International
Council for Research in Agroforestry (ICRAF) also made
it clear that agroforestry is effective in unstable climatic
events. This study aims to inform of the present situation
of the land surface temperature as a result of climate
change to propose nature-based solutions in terms of
agroforestry for urban planners.

Study Area

The Mymensingh district, as part of the Mymensingh
division, extends between 24°15' and 25°12' N and
90°04' and 90°49' E (Figure 1) with a total area of 4395
km®. The district had a cumulative population of
5,110,272 in 2011 which is significantly higher than the
4,489,726 in 2001. The rural population and the urban
population was at 4,312,145 (84.38%) and 798,127
(15.62%) respectively (BBS, 2015). The temperature in
the area rises at the end of January and the highest
temperature can be recorded between February to mid-
March. According to BBS 2015, the average annual
temperature in the district varies from a maximum of
33.3°C to a minimum of 12.0°C accompanied by an
annual average rainfall of 2174 mm. Mymensingh city is
also known for its rapid urban growth since the 1980s.
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Figure 1: Location map of the study area showing the Mymensingh district highlighted in the map of Bangladesh
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Methodology

Acquired from the USGS Earth Explorer, the band 10 of
the Landsat 8 OLI (Operational Land Imager) and TIRS
(Thermal Infrared Sensor) Level 1 satellite data used in
this study was converted to spectral radiance using the
radiance rescaling factors in the metadata file through
equation (1). As the USGS recommended that users
refrain from depending on the band 11 data in
quantitative analysis such as the retrieval of surface
temperature values due to the larger calibration
uncertainty, only band 10 was used in this study.

Ly, =M Qca AL (1)

Where, L, corresponds to the spectral radiance; My and
Ap stand for the band-specific multiplicative scaling
factor and additive rescaling factor respectively and Q.y
is the quantized and calibrated pixel values of Digital
Numbers (DN). Afterwards, using equation (2), the
spectral radiance was converted to brightness
temperature:

_|K
Br= 2/1n (ﬁ+ 1) — 273.15 2)
Ly

Where, Br refers to the top of atmosphere brightness
temperature (°C), L; corresponds to the spectral radiance
and K; and K, stand for the band-specific thermal
conversion constant. Spectral emissivity is a key factor
considered during the LST calculation which was
calculated using the NDVI-based method. At first, the
NDVI was derived using equation (3) with bands 5
(NIR) and 4 (Red) of the Landsat 8 where the values of
the NDVI image in this study were used to calculate the
Proportion of Vegetation (P,.,) using equation (4).

NDVI = (NIR-RED/NIR+RED)
Pyeo = [(NDVI-NDVI,,,,)(NDV1,,5,—~ND V1)

3)
“)
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Where, the NDVI,;, and NDVI,, refer to the
minimum and maximum values from the NDVI
images respectively. Using equation (5), the land
surface emissivity (€) was derived.

&= 0.004 x P+ 0.986 (5)

Where, P, refers to the proportion of vegetation. And
lastly, the LST was derived using equation (6).

LST= B:
1+ ((A,oBy)/(he))In(e)

(6)

Where, LST is the land surface temperature ("C), B
is the top of atmosphere brightness temperature (°C),
A is the effective wavelength, o is Boltzmann's
constant (1.38 x 107 J/K), h is Plank's constant
(6.626 x 107* Js), ¢ is the velocity of light in a
vacuum (3.00 x 10™* m/s) and ¢ is the emissivity.
Furthermore, the NDBI was calculated using
equation (7) with bands 6 (SWIR 1) and 5 (NIR) as
follows:

NDBI = (SWIR I- NIR/SWIR 1+ NIR) (7)

Results and Discussion

It can be seen from figure 2 that the areas where the
temperature ranges from 24.4°C to 31.5°C are also the
corresponding areas where the NDBI values are the
highest. It is also worth noting that the corresponding
areas are on the lower spectrum of the NDVI. From
figure 2(b), the sub-districts with regions having the
highest temperature (25.9°C to 31.5°C) include
Haluaghat, Dhobaura, Mymensingh Sadar,
Muktagacha, Fulbaria, Bhaluka and Gafargaon. Areas
with temperatures on the lower end include Fulpur,
Gouripur, Ishwarganj and Nandail.
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Figure 2: a) NDVIb) LST (°C) and ¢) NDBI maps of the study area in February 2017 using Landsat 8 OLI and TIRS
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Goward et al.,, (2002) found that the LST-NDVI
correlation, irrespective of any season, was negative and
that the value of the correlation coefficient was inversely
related to the surface moisture content. This has also
been shown in the present study (Figure 2a and 2b)
where the regions with lower NDVI values show higher
LST values and vice versa. As the NDVI values tend to
be higher over mixed vegetation in comparison to other
land cover types, the lower NDVI
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values that are seen scattered throughout the southern
part of the district (Figure 2a) can be partly attributable to
urban expansion which can lead to the loss of vegetation.
Although LST wvaries in both temporal and spatial
features, a drastic increase in LST is mostly observed in
urban areas (Zhang et al., 2016). This is evident in figure
2 (b and c) where the areas with high built-up can be seen
having the highest temperatures.
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Figure 3: Correlation between a) NDBI and LST b) NDVI and LST.

Figure 3 shows the relationship between the two spectral
indices and the LST where the independent variable for
figure 3(a) and figure 3(b) is the NDBI and NDVI
respectively and the dependent variable for figure 3 (a
and b) is the LST. A strong positive correlation is seen
in figure 3(a) with an R-squared

(a)

(b)

Temperature in Dégres Celeus

value of 0.9905 suggesting how urbanization/built-up is
contributing to increased surface temperature. Besides
that, a moderate negative relationship is observed in
figure 3(b) with an R-squared value of 0.7473 suggesting
that vegetation could play a key role in reducing surface
temperatures.
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Figure 4: Cross profile generated with respect to the LST in Mymensingh during February 2017.

42



Int. J. Adv. Multidiscip. Res. (2019). 6(7): 39-44

The combined pressures of uncertain and adverse
climatic conditions and over exploitation have led to the
degradation of ecosystems (Haque, 1996). With fewer
areas falling under the lower end of the LST scale
(<22.5°C) as seen in figure 4, agroforestry, as a
promising technology, can make the environment much
more favorable for precipitation, lowering water loss
through evapotranspiration and keeping the micro-
environment cooler through the absorption of water
from deep soil (Haque et al., 1996). In different regions
of the world, several agroforestry systems are being
practiced. Some of the agroforestry systems are old and
retain their form to a large extent while others have been
modified considerably over the years. As a matter of
fact, agroforestry systems are related to various
ecological factors and can be classified based on
important ecological parameters (i.e., climatic, edaphic
and physiographic) (Haque et al., 1996). Based on
climate, agroforestry systems can be classified into
temperate, tropical, sub-tropical, subalpine and alpine
(Huxley, 1983). For instance, sub-tropical agroforestry
systems consist of vegetation in suitable climatic
conditions (agroforestry practices in the sub-tropical
regions including Bangladesh). To check further
deterioration in the environmental conditions, massive
afforestation and appropriate agroforestry programmes
should be taken up without delay (Haque, 1996). In fact
it has been found that shaded surfaces through
vegetation and trees can be 20—45°F (11-25°C) cooler
than the peak temperatures of unshaded materials thus,
evapotranspiration, alone or in combination with
shading, could be wuseful in decreasing peak
temperatures by 2-9°F (1-5°C) (Akbari et al., 1997;
Kurn et al., 1994).

Conclusion

The climate around urban areas generally varies from its
rural countryside as urban tends to be more polluted,
warm, and less windy which leads to the understanding
that the increase in temperature will be experienced to a
larger extent in urban areas due to climate change. The
rising urban temperatures will affect the development of
the species community as a result of limited water and
nutrients. In this study, the lowest LST values have been
found in areas indicating dense vegetation through the
NDVI index while the highest LST values were found in
areas indicating dense built-up through the NDBI index
in the Mymensingh district. Through the inverse
relationship between vegetation and LST, it can be
inferred that nature-based solutions have a key role to
play and can create a sustainable habitat for the future.
Depending on the climatic and socio-ecological
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contexts, vegetation in various forms can also contribute
to various degrees of climate adaptation. To protect the
physical environment from further degradation,
appropriate agroforestry programmes can be adopted
through the active participation of all kinds of agencies,
farmers and residents. It is hoped that this study will
bring light to the current situation in the Mymensingh
district in regards to rising temperature as a result of
climate change to help the wurban planners and
policymakers make better decisions for a more
sustainable and eco-friendly place.
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