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Abstract
The changes in the socio-dynamics and the pattern of occurrences of natural hazards both at larger and regional scales have been 
influenced by the alterations in the Land use land cover change (LULCC) modifications. The LULCC of Lower Dibang valley 
of Arunachal Pradesh is investigated using contemporary tools of Remote sensing and Geographic Information system. A tem-
poral analysis is done for the years viz, 2009, 2014, and 2021 using USGS Landsat satellite images. To determine the change in 
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LULCC support vector machine a supervised classification method is used and is cross checked with Google Earth points for 
achieving accuracy and the temporal analysis is done by comparing each images pixel by pixel. The findings show that between 
2009 and 2021, the region had significant changes in land cover in the following areas: forest area (–8%), rangeland/scrubland 
(–6%), barren land/bare soil/open rocks (–1%), agricultural (-2%), and water body/river (–1%). It was observed that lowland and 
higher altitude regions saw the majority of the LULCC alterations. In the seven tehsils of the Lower Dibang Valley of Arunachal 
Pradesh, which are located at varying elevations and slopes, the effects of LULC changes on climatic and environmental vari-
ables such as latent/sensible heat flow, temperature, precipitation, and specific humidity have been evaluated independently. 
This research paper’s methodology and results section includes a full explanation of the procedures followed and the outcomes. 

Keywords: Land use land cover (LULC), machine learning, Landsat-8, change detection

MONITORING ZMIAN UŻYTKOWANIA I POKRYCIA TERENU  
ORAZ ICH WPŁYWU NA PARAMETRY KLIMATYCZNE  

PRZY UŻYCIU TELEDETEKCJI I GIS: STUDIUM PRZYPADKU  
W DOLINIE DOLNY DIBANG, ARUNACHAL PRADESH, INDIE

Abstrakt
Na zmiany socjodynamiki i wzorca występowania naturalnych zagrożeń zarówno w skali regionalnej, jak i większej mają wpływ 
modyfikacje użytkowania i pokrycia terenu (ang. land use land cover change – LULCC). Wskaźnik LULCC w Dolinie Dolny 
Dibang w Arunachal Pradesh badano przy użyciu nowoczesnych narzędzi teledetekcyjnych oraz Geograficznego Systemu Infor-
macji (GIS). Analizę zmian w czasie przeprowadzano dla lat 2009, 2014 i 2021 przy pomocy zobrazowań satelitarnych USGS 
Landsat. Aby określić zmiany w LULCC zastosowano maszynę wektorów nośnych, metodę klasyfikacji nadzorowanej, którą 
skonfrontowano z punktami w Google Earth, aby osiągnąć dokładność, a analizy zmian w czasie dokonano porównując każdy 
obraz piksel po pikselu. Wyniki pokazują, że pomiędzy rokiem 2009 i 2021 region ulegał znaczącym zmianom pokrycia terenu 
w następujących aspektach: zalesienie (–8%), pastwiska/zarośla (–6%), ogołocona ziemia/gołe skały (–1%), obszary rolnicze 
(–2%) oraz zbiorniki wodne/rzeki (–1%). Zaobserwowano, że większość zmian LULCC wystąpiła na nizinach i większych 
wysokościach. W siedmiu tehsilach (jednostka administracyjna) Doliny Dolnego Dibangu (Arunachal Pradesh) położonych na 
różnych wysokościach i stokach niezależnie oceniono skutki zmian LULC w odniesieniu do parametrów klimatu i środowiska, 
takich jak przepływ ciepła utajonego/jawnego, temperatura, opady oraz wilgotność właściwa. Rozdziały pracy przedstawiające 
metodykę i wyniki w pełni objaśniają użyte procedury i otrzymane rezultaty. 

Słowa kluczowe: użytkowanie i pokrycie terenu (LULC), uczenie maszynowe, Landsat-8, wykrywanie zmian

1. INTRODUCTION

The anthropogenic intervention across the different 
subsystems of the earth is responsible for severe chang-
es in the land use land cover, which alter ecosystems, 
thus it is imperative to continuously monitor the chang-
es occurring in the LULCC [1, 2, 3, 42, 43]. LULCC 
changes may contribute to the increase of land surface 
temperature and thereby may enhance formation and in-
tensity of urban heat islands [4, 44, 45]. In the Eastern 
Himalayas shifting cultivation, and conversion of land 
for commercial plantations, such as oil palm, areca nut, 
rubber, etc., have been the major forces for rapid LUL-
CC. In some regions, both forest and agricultural lands 
have shown a decline due to urbanization and mush-
rooming of aquaculture [5, 46].  The anthropogenic fac-

tor for the evolution of the mankind has been respon-
sible for the consequences of LULCC [6, 47, 48]. The 
rapid economic growth of developing countries backed 
by their large working population has boomeranged the 
LULCC in the recent years and has altered the niche of 
basic vital sources of life viz., vegetation, soil and wa-
ter [7, 8, 49]. The study of impact of LULCC should 
not be restricted spatially and temporally to local scale; 
on the contrary, the effects must be studied on a global 
scale [13, 14, 50].

To understand the changes in natural resources the 
stake holders and decision makers should understand 
the changes taking place in LULCC [15, 51], hence 
a thorough study of changes in LULC is necessary to 
make a wise and effective decision. The biotic and abi-
otic processes on earth are being influenced and affected 
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due to changes in LULCC according to many empirical 
studies [17, 18, 47]. The contemporary problems asso-
ciated with that of global warming and climate change 
have been linked to LULCC, beb0ming the epicentre of 
geopolitics, which has emphasised the study of change 
detection of LULC [14, 19, 20, 52]. The continuous 
monitoring of environmental degradation requires sys-
tematic assessment of LULCC which can be used as  
evidence for assessing the impact both spatially and 
temporally [22, 47, 11, 21]. 

To obtain the best or the most efficient classified im-
age that provides supreme LULC information, the pro-
cess must defy many challenges viz., the heterogeneity 
of landscape, the satellite images pre-processing labour 
to retrieve maximum information with minimum error 
corrections and choosing the reliability indices for the 
classified images. The most popular parametric classifi-
er, maximum likelihood decision rule, and a few ancil-
lary data, including locality knowledge, land use data, 
vegetation index, and textural analysis of the Landsat 
images that can be used for in-depth post-classification 
change detection, have been used to classify Landsat 
TM data over the past year to achieve improvement  
[23, 24, 53].

The Indian Eastern Himalayas are undergoing tre-
mendous forest degradation owing to frequent forest 
fires [25], indiscriminate deforestation and shifting culti-
vation [26], as well as land use changes [27–29]. Though 
at a few sporadic places in the region there is a decrease 
in shifting cultivation area owing to socioeconomic de-
velopment [30–32, 46], anthropogenic activities contin-
ue to rise causing loss of biodiversity [33], disruption of 
ecosystem function, regional climate, and people’s life 
and livelihood [34, 35, 52]. A study in Nagaland indicat-
ed a decline in both forest and agricultural lands due to 
urbanization and practices of aquaculture [5].

Some efforts have been done to identify LULC 
change in the eastern Arunachal Pradesh from1985 to 
2005 [36], and LULC mapping of Mouling Nation-
al Park [37], but no recent quantified data on LULC 
changes is available. Lower Dibang Valley is of great-
er importance to the region due to several reasons. The 
district rises from the Himalayan foothills to the middle 
ranges with the highest point of Mayudia at the height of 
2655 meters from mean sea level. Snow-capped peaks, 
turbulent rivers, mystic valleys, and abundance of rich 
flora and fauna are attractions of the district. The district 
is well known for its largest cover of thick green forest 

with almost 80% of the area being notified as reserved 
forest, wildlife sanctuaries, or unclassified state forests 
(https://roing.nic.in/about-district). Therefore, the iden-
tification of various LULC will not only provide base-
line information, but the decadal change monitoring 
will contribute to regional planning, effective land use 
management, and conservation initiatives. 

The change in LULC have small to large impacts on 
the climate cycle. The systematic study and understand-
ing of the changes occurring in LULC and their relations 
with the environment will contribute to timely and im-
proved management of croplands, forests, grasslands, 
wetlands, mangroves and water resources. The rapid 
growth of human population promotes the fast growth 
of industries and urbanization due to which LULC 
changes are frequently observed in developing coun-
tries such as India. Much research needs to be conduct-
ed in this field. However, few studies investigated the 
countrywide LULC changes and their interactions with 
energy fluxes and precipitation. In this research paper, 
LULC changes in Lower Dibang valley of Arunacha-
la Pradesh from 2009 to 2021 have been evaluated by 
utilizing Landsat ETM and Landsat-8 satellite datasets. 
The latent, sensible heat fluxes, temperature, precipita-
tion, specific humidity were obtained from the Climate 
Engine web-based platform (https://app.climateengine.
org/climateEngine).

The present study was formulated based on a hy-
pothesis that forest land has declined over the years 
due to increasing population pressure as well as cli-
mate change. With this background, the objectives of 
the study were to (a) understand the decadal changes 
in LULC and (b) identify the major anthropogenic fac-
tors contributing to LULC changes, (c) understand the 
effects of LULC on climatic and environmental vari-
ables like precipitation, maximum temperature, specif-
ic humidity, latent and sensible heat fluxes in 7 tehsils 
of Lower Dibang valley. 

2.  MATERIALS AND METHODS

2.1. Study Area 

The Lower Dibang Valley district is an admin-
istrative district in the state of Arunachal Pradesh in 
north-eastern India (Fig. 1). The district is rich in wild-
life. Rare mammals such as the Mishmi takin (Budor-
cas taxicolor taxicolor), red goral (Naemorhedus bai-
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leyi), elephants (Elephas maximus), wild water buffalo 
(Bubalus arnee), and leaf muntjac (Muntiacus putaoen-
sis) and Mishmi Hills giant flying squirrels (Petaurist-
ami shmiensis) live in the district. Birds that live in the 
Lower Dibang Valley include Sclater's monal (Lopho-
phorus sclateri), Blyth's tragopan (Tragopan blythii), 
the rufous-necked hornbill (Aceros nipalensis), the Ben-
gal florican (Houbaropsis bengalensis), and the white-
winged wood duck (Asarcornis scutulata). In 1980, 
the Lower Dibang Valley district became home to the 
Mehao Wildlife Sanctuary, which has an area of 282 
km2 (108.9 sq mi). A new subspecies of hoolock gib-
bon (Hoolock hoolock) has been discovered in this area, 
which was named the Mishmi Hills hoolock.

Fig. 1. The location of the study area
Ryc. 1. Lokalizacja obszaru badań

2.2. Methodology

The methodology and procedure employed in the 
LULC mapping and change detection included interpre-
tation and analysis of current and past satellite images, 

preliminary land use and land cover classification and 
mapping, field and signature data collection and verifi-
cation. During pre-fieldwork, the images were rectified 
and enhanced to create a more realistic representation of 
the scene and land cover signatures. Geospatial data un-
certainty resulted from image resampling, percent cloud 
cover, assumptions of homogeneity, and physical prop-
erties of the feature of interest were improved by apply-
ing geometric and radiometric corrections. The nearest 
neighbour resampling method was employed, and co-
lour balance or contrast stretching was used for image 
enhancement through histogram equalization.

2.2.1. Image Downloading and Pre-Processing

Landsat TM and Landsat-8 (path 134,135 row 40, 
41) were used in this study. The Landsat TM, and Land-
sat-8 images of 2009, 2014, and 2021 were download-
ed from the GLOVIS site (https://glovis.usgs.gov/ap-
p?fullscreen=1). The dates of all 3 images were chosen 
to be as close as possible to the same vegetation season 
i.e. November and the first week of December. Landsat 
TM and Landsat-8 are of 30 m spatial resolution. All 
visible and infrared bands (except the thermal infrared) 
were included in the analysis. Remote sensing image 
processing was performed using Q-GIS software. The 
training points for various LULC classes are gathered 
from the ground, with the exception of 2009 and 2014, 
when they were gathered from Google Earth Pro. For 
the year 2021, training points were re-collected from 
the ground.

Image processing involves the manipulation and in-
terpretation of digital images. Radiometric enhance-
ment, however, improved the area image classification 
by addressing stripping and banding errors that occur 
when the detector goes out of adjustment. In addition, 
principal component analysis improved the image visu-
alization with the technique of data compression to pro-
duce uncorrelated output bands, segregate noise compo-
nents, and reduce the dimensionality of data sets. 

2.2.2. Classification and Land Cover Mapping

Several classification techniques have been estab-
lished to extract vital information from imageries. In 
this study, we primarily used the pixel-based method 
of supervised classification, i.e. maximum likelihood 
classification. It is one of the furthermost collective 
satellite image classification algorithms applied in this 
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study that traces a possibility compactness function 
and predicts the probability with which a precise pixel 
fits a specific class. Higher deviations from the centre 
point will be permissible wherever a pixel is not in the 
area of a disputing category. The supervised classifica-
tion techniques work with the discriminant role to al-
locate the pixel to the class with the maximum proba-
bility. Respectively image pixel fits the land cover class 
aimed at which they become the maximum member-
ship likelihood ensuing the Gaussian normal distribu-
tion function. Though the maximum likelihood classifi-
cation is gentle in computation; yet it is a more accurate 
statistical decision criterion in classifying the overlap-
ping signatures. In this study, five LULC classes were 
established as rangeland/scrub land, barren land/bare 
soil, croplands, forest area, and river/water bodies.  
A supervised classification technique was used to com-
pare Landsat images from three unique time-period. 
With this method, these images of different dates are 

classified independently. Accurate classifications are 
imperative to ensure precise change-detection results. 
The detailed steps followed for the study are shown 
in Fig. 2. 

2.2.3. Environmental Data from the Year 2009 to 2021

The effect of LULC change on different key environ-
mental factors like precipitation, maximum tempera-
ture, specific humidity, latent and sensible heat fluxes re-
ferring to the 7 tehsils of Lower Dibang Valley has been 
studied by using the time series trends from 2009 to 2021. 
The trends have been plotted by using the web-based 
platform climate engine (https://app.climateengine.org/ 
climateEngine). The platform offers different remote 
sensing and climatic datasets. For all the environmen-
tal parameters the timeline considered for the data-
sets/trends was from the year 2009 to 2021. To study 
the trend of precipitation we used CHIRPS-4.8km 

Fig. 2. Flow chart showing the methodology followed in the study
Ryc. 2. Schemat pokazujący zastosowaną w pracy metodykę
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daily dataset, the unit was in millimeters, the statis-
tic (over day range) was in total and the calculation 
was of the values. To study the trend of temperature 
we used CFS-19.2km/28.28km daily dataset, the vari-
able was maximum temperature, the unit was in deg C,  
the computation resolution (scale) was 19200 (1/5-deg),  
statistics over region was maximum of the pixel. To 
study the trend of specific humidity we used CFS-
19.2km/28.28km daily dataset the computation res-
olution (scale) was 19200m (1/5-deg), statistics over 
the region was mean of the pixel. To study the trend 
of latent heat flux we used CFS-19.2 km/28.28km dai-
ly dataset, the variable was latent heat flux, the com-
putation resolution (scale) was 19200m (1/5-deg), 
statistics over the region was mean of the pixel. To 

study the trend of sensible heat flux we used CFS-
19.2 km/28.28km daily dataset, the variable was sen-
sible heat flux, the computation resolution (scale) was 
19200m (1/5-deg), statistics over the region was mean 
of the pixel (table-2). 

3. RESULTS 

3.1  Land Use/Land Cover Classification Map  
of 2009, 2014 and 2021

The LULC map of 2009 has been generated using 
2009 Landsat-5 satellite data (Fig. 3). The LULC classes 
of 2009 are as follows; forest area is 398 472.8 ha, range-
land/scrubland is 49 839.4 ha, barren land/bare soil/open 

Fig. 3. LULC map of the year 2009
Ryc. 3. Mapa pokrycia terenu (LULC) za rok 2009
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rocks are 77 460.33 ha, agriculture is 30 199.13 ha, wa-
terbody/river is 1 868.55 ha. 

The LULC map of 2014 has been generated using 
2014 Landsat-8 satellite data (Fig. 4). The LULC class-
es of 2014 are as follows; forest area is 410 846.04 ha,  
rangeland/scrubland is 33 840.7 ha, barren land/
bare soil/open rocks are 58 808.7 ha, agriculture is  
52 096.9 ha, water body/river is 2 247.8 ha. 

The LULC map of 2021 has been generated using 
2021 Landsat-8 satellite data (Fig. 5). The LULC classes 
of 2021 are as follows; forest area is 351 590.8 ha, range-
land/scrubland is 84 686.2 ha, barren land/bare soil/open 
rocks are 74 493.7 ha, agriculture is 43 777.1 ha, water 
body/river is 3 292.5 ha (Fig. 5). The detailed area sta-
tistics of the LULC areas have been given in table 1. 

3.2. Lulc Changes Trend from 2009, 2014 and 2021

The change detection analysis showed that in the 
forest class from 2009 to 2014 the area got increased 
by 2% and in 2021 the area got decreased by 10% com-
pared to 2014 and got decreased by 8% compared to 
2009. In the rangeland/scrubland class from 2009 to 
2014, the area got decreased by 3% and in 2021 the area 
got increased by 8% compared to 2014 and the area got 
increased by 5% compared to 2009. In the barren land/
bare soil/open rocks class from 2009 to 2014, the area 
got decreased by 2% and in 2021 the area got increased 
by 3% compared to 2014 and increased by 1% com-
pared to 2009. In agriculture class from 2009 to 2014, 
the area got increased by 2% and in 2021 the area got 

Fig. 4. The LULC map of the year 2014
Ryc. 4. Mapa LULC za rok 2014
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decreased by 1% compared to 2014 and increased by 
1% compared to 2009. In the water body/river class 
from 2009 to 2014, the area got increased by 1% and in 

2021 the area was the same as compared to 2014 and 
got increased by 1% compared to 2009 (Fig. 6). The de-
tailed results have been given in table 1.  

Fig. 5. The LULC map of the year 2021
Ryc. 5. Mapa LULC za rok 2021

Table 1. The trend of areas under different LULC classes of 2009, 2014 and 2021
Tabela 1. Kierunek zmian powierzchni w różnych klasach LULC w 2009, 2014 i 2021 r.

Sl 
no. Classes 2009  

(ha)
2009 
(%)

2014  
(ha)

2014 
(%)

2021  
(ha)

2021 
(%)

Changes 
(%) Trend

1 Forest area 398472.8 71 410846 73 351590.8 63 (-8) Declined
2 Rangeland/Scrubland 49839.4 F 33840.7 6 84686.2 14 (+5) Increased
3 Barren land/Bare 

Soil/open rocks
77460.3 12 58808.7 10 74493.7 13 (+1) Increased

4 Agriculture 30199.1 7 52096.9 9 43777.1 8 (+1) Increased
5 Waterbody/River 1868.6 1 2247.8 2 3292.5 2 (+1) Increased
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3.3. Accuracy Assessment of LULC Maps

The accuracy assessment of LULC maps of 2009, 
2014, and 2021 has been done using the points collect-
ed from the Google Earth from the available high-reso-
lution data sets and following the method of Congallton 
and Green [41]. The overall accuracy for 2009, 2014, 
and 2021 are 82%, 86%, and 81% respectively. 

3.4. Tehsil Wise Trends of Environmental Factors 
from the Year 2009 to 2021

3.4.1. Dambuk ADC Tehsil

 I. Precipitation 
The trend of precipitations shows that the precipita-
tion ranged between 210 and 260 mm from the year 
2009 to 2011. In the year 2014 suddenly, precipita-
tion got decreased to 140 mm. From the year 2014 
to 2017 the precipitation trend started to increase 
from the range 130 to 530 mm. From the year 2018 
to 2021 the precipitation trend shows decline from 
120 to 220 mm.  

 II. Maximum temperature
The trend of maximum temperature of the upper 
level shows continuous increase from the year 2009 

to 2021 from 25 to 41oC and the trend of maximum 
temperature at lower end also shows continuous in-
crease from the year 2009 to 2021 from 10 to 16oC. 

	III.	 Specific	humidity
The trend of specific humidity of the upper end shows 
continuous increase from the year 2009 to 2017 from 
19 to 23 g/kg and the trend of specific humidity at 
lower end shows continuous decline from the year 
2009 to 2016 from 6 to 3 g/kg and the around 3g/kg 
specific humidity continued up to 2021. 

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end from 
the year 2009 to 2010 ranged from 255 to 276 W/m2  

after the year 2010 trend of latent heat flux of the 
upper end shows continuous decline up to the year 
2021 from 276 to 212 W/m2. The trend of latent heat 
flux of the lower end shows small variations from 
the year 2009 to 2021 from 40 to 10 W/m2. 

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end from 
the year 2009 to 2020 shows continuously increas-
ing trend from 90 to 168 W/m2. In the year 2021  
the trend shows sudden decrease i.e. 119 W/m2 
compared to previous year i.e. year 2020. The trend 

Fig. 6. The LULC classes trend of the years 2009, 2014 and 2021
Ryc. 6. Kierunek zmian w klasach LULC w latach 2009, 2014 i 2021
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Table 2.  Trends of environmental factors from the year 2009 to 2021
Tabela 2.  Kierunki zmian czynników środowiskowych za lata 2009–2021

Tehsil Environmental Parameter 2009 2011 2014 2017 2019 2021

Dambuk ADC Precipitation (mm) 8.49 8.36 8.55 9.13 8.51 8.39

Temp (0C) 23.02 27.58 28.29 29.88 29.67 31.07

Specific humidity (g/kg) 11.54 10.55 11.41 11.52 11.56 10.94

Latent heat (W/m2) 132.73 83.81 93.48 92.69 82.50 67.87

Sensible heat index (W/m2) –38.68 19.28 6.37 14.28 20.16 38.10

Desali circle Precipitation (mm) 5.35 5.13 5.46 5.66 5.18 5.33

Temp (0C) 21.62 19.97 22.07 25.31 25.18 25.92

Specific humidity (g/kg) 10.41 8.39 9.41 9.83 9.83 9.62

Latent heat (W/m2) 146.33 96.47 105.51 105.18 94.54 74.63

Sensible heat index (W/m2) –41.83 –0.23 –7.97 –0.50 5.37 29.04

Hunli SDO Precipitation (mm) 5.81 5.49 5.18 5.64 4.91 4.91

Temp (0C) 21.62 19.97 22.07 25.31 25.18 25.92

Specific humidity (g/kg) 10.41 8.39 9.41 9.83 9.83 9.62

Latent heat (W/m2) 146.33 96.47 105.51 105.18 94.54 74.63

Sensible heat index (W/m2) –41.83 –0.23 –7.97 –0.506 5.37 29.04

Koronu Circle Precipitation (mm) 7.77 7.73 7.06 7.70 7.43 6.80

Temp (0C) 28.45 31.28 30.23 29.83 29.75 30.73

Specific humidity (g/kg) 11.26 9.56 10.89 10.75 10.65 10.09

Latent heat (W/m2) 72.58 50.71 78.24 88.86 73.38 65.46

Sensible heat index (W/m2) 57.36 75.53 39.24 27.23 38.42 47.43

Parbuk SDO Precipitation (mm) 8.43 8.31 8.21 8.82 8.34 8.08

Temp (0C) 29.55 31.74 30.52 29.88 29.67 31.07

Specific humidity (g/kg) 12.43 10.45 11.33 11.52 11.56 10.94

Latent heat (W/m2) 80.06 56.70 82.89 92.69 82.50 67.87

Sensible heat index (W/m2) 39.32 62.05 28.52 14.28 20.16 38.10

Roing HQ Precipitation (mm) 8.14 8.08 8.14 8.74 8.32 8.12

Temp (0C) 23.02 28.42 28.72 29.88 29.67 31.07

Specific humidity (g/kg) 11.54 9.81 11.05 11.52 11.56 10.94

Latent heat (W/m2) 132.73 67.96 91.68 92.69 82.50 67.87

Sensible heat index (W/m2) –38.68 43.59 14.11 14.28 20.16 38.10

Tinali Paglam Precipitation (mm) 9.20 9.10 9.47 9.89 9.67 9.08

Temp (0C) 29.55 30.35 29.81 29.88 29.67 31.07

Specific humidity (g/kg) 12.43 11.26 11.72 11.52 11.56 11.43

Latent heat (W/m2) 80.06 75.21 86.63 92.69 82.50 67.87

Sensible heat index (W/m2) 39.32 34.65 19.41 14.28 20.64 38.10
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of sensible heat flux of the lower end continuously 
shows increase in sensible flux from the year 2009 
to 2021 i.e. –170 to –75 W/m2 . 

3.4.2. Desali Circle Tehsil

 I. Precipitation 
The trend of precipitations shows that the precipi-
tation from the year 2009 to 2013 precipitation got 
declined from 210 to 90 mm. In the year 2014 sud-
denly, precipitation got increased up to 330 mm. 
From the year 2014 to 2021 the precipitation trend 
started continuously decreasing from the range  
330 mm to 160 mm. 

 II. Maximum temperature
The trend of maximum temperature of upper end 
shows continuous increase in the years 2009 to 
2021 from 31 to 33oC and the trend of maximum 
temperature at lower end also shows continuous in-
crease in the years 2009 to 2021 from 5 to 18oC. 

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows slit increase in the years 2009–2021 from  
18 to 18.2 g/kg. In-between 2016 and 2017 the 
trend shows the peak reached up to 19 to 19.1 g/kg. 
The trend of specific humidity at lower end shows 
continuous decline from the year 2009 to 2011 from 
5 to 2 g/kg and from 2011 to 2021 specific humidity 
continued 2 g/kg. 

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end from 
the year 2009 to 2020 shows overall decrease from 
the range 250 to 180 W/m2. In between the trend of 
the years 2010, 2014, 2016, 2017 and 2018 shows 
increased latent heat flux values i.e. 290, 280, 300, 
270, 355 W/m2.  The trend of latent heat flux of the 
lower end shows a small variation from year 2009 
to 2012 i.e. from 40 to 20 W/m2. 

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
of the years 2009–2020 shows continuous increase 
from 95 to 170 W/m2. In the year 2021 the trend 
shows sudden decrease i.e. 120 W/m2 compared to 
previous year i.e. 2020. The trend of sensible heat 

flux of the lower end continuously shows decrease 
in sensible flux from the year 2009 to 2021 i.e. –160 
to –180 W/m2. In the years 2016 and 2017 the trend 
shows further lower values i.e. –250 W/m2.

3.4.3. Hunli SDO Tehsil

 I. Precipitation 
The trend of precipitations shows that the precip-
itation was around 130 mm in the year 2009 and 
in 2010 precipitation got increased up to 178 mm.  
After 2010 the trend of precipitation shows con-
tinuous decline up to the year 2013. In the year 
2014 the trend shows the increase in precipitation 
i.e. around 260 mm. After the year 2014 the trend 
shows continuous decline in precipitation up to the 
year 2012 i.e. around 110 mm.

 II. Maximum temperature
The trend of maximum temperature of upper end 
shows a minor variation i.e. 31 to 28oC from the 
year 2009 to 2013. The trend of maximum tem-
perature at lower end for the year 2009 and 2010 
shows around 11oC. From the year 2011 to 2021 
trend shows increasing i.e. from 5 to 14oC. 

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows minor decrease in the years 2009–2013 
from 18 to 17 g/kg. The trend shows increase from 
the year 2014 to 2017 i.e. 18 to 19 g/kg. After the 
year 2017 the trend started to decline i.e. from 19 to  
18 g/ka. The trend of specific humidity at lower 
end for the years 2009 and 2010 oscillates around  
5 g/ka. The trend shows decline in the year 2011 i.e. 
2 g/kg and continued up to 2021.

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end in 
the years 2009–2020 shows overall decrease from 
250 to 170 W/m2. In the year 2012 the trend shows 
a drastic increase i.e. up to 360 W/m2. In between 
the trend of the years 2010, 2014, 2016, 2017 and 
2018 shows increased latent heat flux values i.e. 
290, 280, 300, 270, 260 W/m2. The trend of latent 
heat flux of the lower end shows a small varia-
tion from the year 2009 to 2012 i.e. from 40 to  
15 W/m2.  
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	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
from the year 2009 to 2020 shows continuous in-
crease from 95 to 165 W/m2 in the year 2021. The 
trend shows sudden decrease i.e. 126 W/m2 com-
pared to the previous year i.e. 2020. The trend of 
sensible heat flux of the lower end continuously 
shows increase in sensible flux from the year 2009 
to 2021 i.e. –167 to –130 W/m2. In the years 2016 
and 2017 the trend shows further lower values i.e. 
–260 W/m2.

3.4.4. Koronu Circle Tehsil

 I. Precipitation 
The trend of precipitations shows that the precip-
itation was around 240mm in 2009 and in 2010 
precipitation increased up to 260mm. After 2010 
the trend of precipitation shows continuous decline 
up to the year 2013. In 2014 the trend shows the 
increase in precipitation i.e. around 265mm. After 
2014 the trend shows continuous decline in precip-
itation up to 2016, i.e. around 180 mm. In 2017 and 
2019 the trend shows the increase in precipitation 
i.e. 305 and 320 mm. The trend shows that the pre-
cipitation decreased in 2020 and 2021 i.e. 140 and 
130 mm compared to previous year. 

 II. Maximum temperature
The trend of maximum temperature of the upper 
end shows a minor variation i.e. 38 to 36oC from 
2009 to 2010. From 2011 the trend shows an in-
crease in maximum temperature i.e. 43oC and fur-
ther the trend decreased continuously up to 2021 
i.e. 40oC. The trend of maximum temperature at 
lower end for 2009 and 2014 ranged from 18 to 
14oC. From 2016 to 2021 the trend shows the in-
crease ranging from 16 to 21oC.  

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows minor decrease from 2009 to 2011 from 19 
to 17 g/kg. The trend shows increase from 2012 to 
2017 i.e. 19 to 21 g/kg. After 2017 the trend started 
to decline i.e. from 21 to 19 g/ka. The trend of spe-
cific humidity at lower end for 2009 and 2010 shows 
around 5 and 4 g/ka. The trend shows decline in the 
year 2011 i.e. 3 g/kg and continued up to 2021.

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end of 
2009 and 2010 is 155 W/m2 and 190 W/m2. In 2011 
the trend shows further decrease in latent heat flux 
i.e. up to 100 W/m2. From 2012 to 2016–17 the la-
tent heat flux increased i.e. from 150 to 230 W/m2.  
Further, from the year 2017 to 2020 latent heat 
flux decreased from 230 to 150 W/m2. In the year 
2021 suddenly, the latent flux heat got increased i.e.  
315 W/m2. The trend of latent heat flux of the lower 
end shows a small variation from 2009 to 2021, i.e. 
from 10 to 20 W/m2.  

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
from 2009 to 2010 decreased i.e. from 150 to 115 
W/m2. In 2011 the trend shows sudden increase in 
sensible heat flux i.e. 176 W/m2.  After 2011 the 
sensible heat flux trend started to continuously de-
cline up to the year 2017, i.e. from 176 to 130 W/
m2.  For the years 2018, 2019 and 2020 the sensi-
ble heat flux values are 170, 155 and 167 W/m2. In 
2021 the trend got decreased i.e. 150 W/m2 com-
pared to the previous year i.e. year 2020. The trend 
of sensible heat flux of the lower end continuously 
shows decrease in sensible flux from 2009 to 2011 
i.e. –40 to –148 W/m2. From 2012 to 2016 the sen-
sible heat flux shows decrease trend i.e. –110 to 
–170 W/m2. After the 2016 the trend started to in-
crease up to 2020 i.e. –170 to –95 W/m2. In 2021 
the trend shows decline compared to the previous 
year i.e. –140 W/m2.

3.4.5. Parbuk SDO Tehsil

 I. Precipitation 
The trend of precipitations shows that the precip-
itation was around 260 mm in 2009 and in 2010 
precipitation increased up to 307 mm. After 2010 
the trend of precipitation shows continuous decline 
up to 2013. In 2014 the trend shows the increase 
in precipitation i.e. around 280mm. After 2014 the 
trend shows continuous decline in precipitation up 
to 2016 i.e. around 175 mm. In 2017 and 2019 the 
trend shows increase in precipitation i.e. 310 and 
490 mm. The trend shows that the precipitation 
decreased in 2020 and 2021 i.e. 190 and 230 mm 
compared to the previous year. 
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 II. Maximum temperature
The trend of maximum temperature of upper end 
shows a minor variation i.e. 41 to 37oC from 2009 
to 2010. In 2011 the trend shows the increase in 
maximum temperature i.e. 43oC and further the 
trend decreased continuously up to 2021 i.e. 41oC. 
The trend of maximum temperature at lower end 
for the years 2009 and 2014 ranged from 17 to 
14oC. In 2016–2021 the trend shows the increase 
which ranged from 14 to 21oC.  

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows minor decrease from 2009 to 2011 from 21 
to 19 g/kg. The trend shows the increase from 2012 
to 2017 i.e. 21 to 23 g/kg. After 2017 the trend start-
ed to decline from 23 to 21 g/ka. The trend of spe-
cific humidity at lower end for the years 2009 and 
2013 circulates around 5 and 2 g/ka. After 2014 the 
humidity trend shows the increase from 2 to 3 g/kg.  

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end of 
2009 and 2010 is 175 W/m2 and 195 W/m2. In 2011 
the trend shows further decrease in latent heat flux 
up to 130 W/m2. From 2012 to 2017 the latent heat 
flux increased from 160 to 215 W/m2. Further, 
from 2018 to 2020 the latent heat flux decreased. 
from 210 to 175 W/m2. In 2021, the latent flux heat 
shows increase i.e. 210 W/m2. The trend of latent 
heat flux of the lower end shows a small variation 
from 2009 to 2021 from 24 to 5 W/m2.  

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
from 2009 to 2010 decreased from 130 to 70 W/m2. 
In 2011 the trend shows sudden increase in sensible 
heat flux i.e. 170 W/m2.  After 2011 the sensible 
heat flux trend started to continuously decline up 
to 2017, i.e. from 170 to 110 W/m2.  For the years 
2018, 2019, 2020 and 2012 the sensible heat flux 
values are 130, 120 and 160 and 165 W/m2. The 
trend of sensible heat flux of the lower end continu-
ously shows decrease in sensible flux from the year 
2009 to 2016 i.e. –40 to –140 W/m2. In 2012–2020 
the sensible heat flux shows the increasing trend i.e. 
–140 to –70 W/m2. In 2021 the trend shows decline 
compared to the previous year i.e. –110 W/m2.

3.4.6. Roing HQ Tehsil

 I. Precipitation 
The trend of precipitations shows that the precip-
itation was around 280 mm in 2009 and in 2010 
precipitation increased up to 330 mm. After 2010 
the trend of precipitation shows continuous decline 
up to 2013 i.e. 150 mm. In 2014 the trend shows 
increase in precipitation i.e. around 250mm. After 
2014 the trend shows continuous decline in precip-
itation up to 2016 i.e. around 170 mm. In 2017 and 
2019 the trend shows increase in precipitation i.e. 
330 and 300 mm. The trend shows that precipita-
tion decreased in 2020 and 2021, i.e. 200 and 170 
mm compared to previous year. 

 II. Maximum temperature
The trend of maximum temperature of the upper 
end shows a minor variation i.e. 33 to 31oC from 
2009 to 2010. From 2011 trend shows there was an 
increase in maximum temperature i.e., 41oC, and 
further the trend continued up to 2021 i.e. 41oC. 
The trend of maximum temperature at lower end 
for the year 2009 and 2010 ranged from 11 to 9oC. 
From 2010 to 2021 the trend shows the increase, 
which ranged from 9 to 21oC.  

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows minor decrease from the year 2009 to 2011 
from 19 to 17 g/kg. The trend shows increase from 
2012 to 2017 i.e. 19 to 22 g/kg. After 2017 trend 
started to decline i.e. from 22 to 21 g/ka up to the 
year 2021. The trend of specific humidity at low-
er end for the years 2009 and 2014 shows around  
5 and 2 g/ka. After 2014 the humidity trend shows 
increase from 2 to 5 g/kg.  

	IV.	 Latent	heat	flux
The trend of latent heat flux of the upper end of the 
year 2009 and 2010 is 260 W/m2 and 270 W/m2. In 
2011 the trend shows further decrease in latent heat 
flux i.e. up to 140 W/m2. In 2012 the latent heat flux 
got increased i.e. 190. In 2013 the latent heat fur-
ther increased up to 240 W/m2. Further, from 2013 
to 2021 the latent heat flux decreased i.e. from 240 
to 210 W/m2. The trend of latent heat flux of the 
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lower end shows small variation from 2009 to 2021 
i.e. from 30 to 10 W/m2.  

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
from 2009 to 2011 increased i.e. from 90 to 170  
W/m2. After 2011 the sensible heat flux trend start-
ed to continuously decline up to 2021 i.e. from  
170 to 110 W/m2. The trend of sensible heat flux 
of the lower end continuously shows decrease in 
sensible flux from the year 2009 to 2013 i.e. –170 
to –190 W/m2. After the years 2013–2020 the sen-
sible heat flux shows the increase trend i.e. –190 to  
–70 W/m2. In 2021 the trend shows decline com-
pared to the previous year i.e. –113 W/m2.

3.4.7. Tinali Paglam Circle Tehsil

 I. Precipitation 
The trend of precipitations shows that the precip-
itation was around 200mm in 2009 and in 2010 
precipitation increased up to 350 mm. After 2010 
the trend of precipitation shows continuous decline 
up to 2014 i.e. 200mm. Increase in precipitation is 
seen for the years 2015, 2017 and 2019 i.e. 230, 370 
and 530 mm. Between 2016 and 2018 there was 
less precipitation i.e. 200 and 210 mm. After 2019 
the precipitation trend shows decline for 2020 and 
2021 i.e. 260 and 264 mm.    

 II. Maximum temperature
The trend of maximum temperature of the upper 
end shows a minor variation i.e. 42 to 37oC from 
2009 to 2010. From 2011 to 2021 the trend shows 
a decrease in maximum temperature i.e. from 42 to 
41oC. The trend of maximum temperature at lower 
end for the year 2009 and 2010 ranged from 17 to 
13oC. From 2010 to 2021 the increasing trend was 
observed ranging from 13 to 21oC.  

	III.	 Specific	humidity
The trend of specific humidity of the upper end 
shows minor decrease from 2009 to 2011 from 21 
to 20 g/kg. The trend shows increase from 2012 to 
2017 i.e. 20 to 22 g/kg. After 2017 the trend start-
ed to decline i.e. from 22 to 21 g/ka up to 2021. 
The trend of specific humidity at lower end for 
2009 and 2013 shows around 5 and 2 g/ka. After 

2013 the humidity trend shows increase from 2 to  
5 g/kg up to 2021. 

	IV.	 Latent	heat	flux
The trend of the latent heat flux of the upper end of 
2009 and 2010 is 170 W/m2 and 190 W/m2. In 2011 
the trend shows further decrease in latent heat flux 
i.e. up to 160 W/m2. From 2012 to 2013 the latent 
heat flux increased from 200 to 240 W/m2. In 2014 
the latent heat decreased up to 190 W/m2. From the 
year 2015 the latent heat flux decreased up to the 
year 2021 i.e. from 235 to 210 W/m2. The trend of 
latent heat flux of the lower end shows a small vari-
ation from 2009 to 2021 i.e. from 20 to 10 W/m2.  

	 V.	 Sensible	heat	flux
The trend of sensible heat flux of the upper end 
from 2009 to 2010 decreased i.e. from 130 to  
90 W/m2.  From 2011 to 2012 latent heat flux shows 
the increasing trend i.e. 135 to 140 W/m2. From 
2012 the sensible heat flux trend shows continuous 
decline till 2017 i.e. from 140 to 110 W/m2. Af-
ter 2017 the sensible heat flux trend started to in-
crease from 110 to 170 W/m2. The trend of sensible 
heat flux of the lower end continuously shows de-
crease in sensible flux from 2009 to 2016 i.e. –45 to  
–140 W/m2. After 2016 till 2021 the sensible heat 
flux shows increase i.e. –140 to –60 W/m2. 

4. DISCUSSION

4.1 Decadal Change on Lulc

The decrease in forest area and increase of scrub/
rangeland and agriculture suggest there was a demand 
for a new settlement that reduced the forest cover. The 
population increase from 2009 to 2021 was the main 
driving force that affected the reduction in forest area 
including the clearing of big trees for timber and wood 
extraction for fuel. This finds support from the previ-
ous works in the region [31–33]. The increase in ur-
ban areas contributes significantly to the loss of veg-
etation/forest cover, accelerating carbon emission [38, 
39]. This would also increase surface temperature and 
global warming. According to some study [12] veg-
etation cover loss increases temperature by 11oC in  
25 years, the maximum temperature increases in indus-
trial zone. Further it was found that poor vegetation ra-
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diates high temperature while healthy vegetation ra-
diates low temperature [12]. Tree-based systems with 
healthy vegetation cover can minimize radiation and 
store more carbon [27]. Population growth and changes 
in per capita consumption of food, fodder, fibre, timber 
and energy is on the rise in the region resulting in con-
tinued land use changes [27, 29, 33]. The rapid expan-
sion of build-up areas followed by loss of green cover 
is drastically impacting the carbon sink potential of var-
ious land uses and increasing climate hazards. Conver-
sion of crop lands often leads to losses in food produc-
tion and additional risk to food systems in the fragile 
mountain landscape. To mitigate climate hazards sus-
tainable land management is highly essential. Efforts 
should therefore be made to slow down urbanization to 
reduce pollution gateways and to improve carbon sink 
potential through afforestation, and other eco-friend-
ly inclusive and sustainable urban development. The 
indigenous communities that largely depend on forest 
resources for their livelihoods could be sensitized to 
promote sustainable biodiversity conservation through 
judicious land-use management that can also stabilize 
carbon dioxide accumulation at the local and region-
al level and help to mitigate climate change in the re-
gion [40].

As per the global forest watch (https://www.global-
forestwatch.org/) report, the total forest area of Lower 
Dibang Valley in the year 2010 was 396000 ha which 
is 71% of the total area and in 2020 the total forest area 
got decreased by 745 ha. Our findings also match the to-
tal forest area estimations and the total percentage cov-
ered by the global forest watch results. High fire alerts 
were reported between the 2nd of November 2020 and 
the 25th of October 2021 for the forests of this region. 
This is unusually high compared to previous years go-
ing back to 2012. Between the 29th of October 2018 and 
the 25th of October 2021, the Lower Dibang Valley ex-
perienced a total of 221 VIIRS fire alerts. The forest fire 
seems to be the one the main reasons for the decrease 
in the forest area. The mountainous and sloping topo-
graphic structure of the region, complex vegetation of 
the area and negative climate conditions are the essen-
tial reasons for those difficulties. For this reason, it was 
quite hard to find usable (not cloudy) satellite images. 
Some other problems had stemmed from using different 
sensor technologies (spatial resolution and spectral res-
olution) in comparing Landsat TM and Landsat 8 data, 
and in the determination of land cover. These problems 

were tried to be eliminated by independently applying 
the supervised classification change detection technique 
to all 3 date images.

5. CONCLUSIONS

This paper investigated land use/land cover chang-
es that occurred in the Lower Dibang valley between 
2009, 2014, and 2021 using remote sensing and GIS. 
The main change observed between 2009 and 2021 was 
that the area of forest decreased from 398 472.8 ha to 
351 590.8 ha i.e. from 71% of total forest area in 2009 
to 63% in 2021 while the total forest area decreased by 
8%. The significant change in forest cover has led to 
loss of various ecosystem services including loss of car-
bon stock from these land uses. The major impact has 
been occurred on climatic and environmental variables 
i.e. precipitation got decreased, maximum temperature 
got increased. The major driver for this change was due 
to expansion of infrastructure in recent years. It is there-
fore suggested that the policy makers, urban planners 
and local governments should implement eco-friendly, 
inclusive and sustainable urban development by mod-
ifying the degraded landscape through tree-based and 
agroforest systems for better livelihood and environ-
mental sustainability. 
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