Table S1. A catalog of seventy-three published studies between 1993 to 2021 (so far) on forest mapping using
remotely sensed data in Pakistan

Forest area

(km2) of
Refer  Study District/  Study Area District/ Altitude  Forest
- Province Latitude  Longitude RS Data/lmagery Used
ence  Area Province  Scale (km?2) (m) Type
extracted
from GFW/
GMwW
Pre-2010
Margala
Hills, Islamabad 4572 - SPOT XS, Landsat TM
1 Islamab  (Part of) Local 148 102 33.75 73.00 1584.96 and Landsat MSS
ad
Margalla Sub-
Hills, Islamabad 2200 Himalayan SPOT XS and Landsat
2] Islamab  (Part of) Local 126 102 3311 7309 (max) Tract 5TM
ad Forest
Siran Mansehra Bromcal
[3] Valley, Local 618 1385 34.52 73.12 900 v Landsat MSS and TM
(Part of) Deciduous
NWFP
forests
mangrove
s, mixed
terrestrial
Keti Thatta vegetation Landsat, ASTER
[4] Bunder, (Part of Local 82 34 2441 67.43 - (mainly (Terra)
Sindh Prosipus ~ and SPOT
sp.) and
marine
algae
A Riverine
Riverine Kashmore  Regiona forests or
5] forests 2410 1 28.09 69.18 - Landsat MSS and TM
. (Part of) | Bela
of Sindh
forests
Ayubia Moist
National Temperat
6 Park g\?g‘;ﬁa:g local 3 765 06 7342 e Quickbird
(ANP), Himalayan
NWFP Forest
Post-2010
District Abbottaba Urban Landsat TM, ETM, and
[7 Q:gotta d (Part of Local 1967 765 3412 73.28 forest ETM+
Abbotta
bad
gy dstict - Abbottaba -y och 4600 765 3441 7329 uban - spor.g
Khyber d forest
Pakhtun
khwa
Abbotta  Abbottaba Urban
9] bad f Local 4999 765 34.10 73.28 - forest SPOT-5




district,

KPK
Abbotta
bad Abbottaba Urban
[10] distict,  d (Part of Local 1756 765 34.13 73.23 - forest Landsat 5 TM
KPK
Abbotta
bad Abbottaba Alpine Landsat 5 TM, Landsat
] district, d (Part of) Local 1967 765 34.13 7325 ) forest 7 ETM+, Landsat 8 OLI
KPK
Dry
Temperat
e Forests
-
, emperate
Chitral ,
[M12]  tehsi, Cph'tf' Local 5818 247 35.77 .77 ;ggg gakf"res" Landsat TM
nwrp  (Partod) 5
temperate
coniferous
forest, and
alpine
meadow)
Kalasha
valleys, . .
(3]  Chital c;mtr;m Local 456 247 35,69 7167 ;%g Conifer | -ndsat
District, (Part of) species
KPK
Kalasha D
(4] \éahl:%f Chitral Local 047 3571 7169 i terr¥1perate Landsat MSS, T™M
District (Part of) ' ' coniferous  ETM+ and OLI
KPK forests
Dry
temperate
coniferous
Chitral ,
[15] district, ~ Chitral Local 14850 247 36.69 73.23 1070- Deciduous Landsat
7700
KPK forests
and oak
scrub
forests
Tehsi < Forests
ey  oarawal  Dir Local 391 257 34.98 71.93 - mixed with ~Landsat 5
, District ~ (Lower)
. broadleav
Dir, KPK
ed Forest
Dir
district,  Dir (Upper Temperat
17 Khyber  and Local 4198 1276 35.20 71.88 - e conifer ~ SPOT and MODIS
Pakhtun  Lower) forests
khwa
subtropica
Dir |
Kohista broadleav
nforest  Dir (Part 1165- es
[18] division, of Upper  Local 927 1019 35.28 72.00 4847 Oak SPOT-5
Khyber  Dir) forest,
Pakhtun temperate
khwa coniferous

forest and




alpine

and
subalpine
regions
. Subtropic
Dir
Kohista 222:;
n Forest  Dir (Part 1379- and D

[19] Division, of Upper  Local 99 1019 35.29 72.01 Y Landsat 8 OLI, SPOT-5
Khyber  Dir) 3035 Temperat
Pakhtun °

Coniferou
khwa

s Forest
Dir Dir (Upper 1400- coniferous

[20] valley, and Local 1276 35.25 72.00 5000 , alpine Land-use survey maps
KPK Lower) forests
Centra
Karakor
am

21 e T Local 10000 148 %9 7483 Luyaly SPOT5
(CKNP),

Gilgit-
Baltistan
Bagrote glﬂ)ne
22] ‘é":l"?ty Sf')'g't (Part  ocal 4 148 3583 7447 ;?88 Alpine,  Sentinel-2
g Coniferou
Baltistan
s Forests
Alpine
Scrub,
Sub
Khyber Alpine
Pakhtun Forests,
khwa Dry
(KP) Temperat
province e Forests,
s the Gllgit- Moist
administ Bali Temperat
. altistan,
rative e Forests,
unitof  Svoer . Sub-

23] Gigi- azkzt:gk IReg'O”a (1)8260 15103 34.25 73.25 iggo Tropical  Landsat TMIETM
Baltistan Azé d Coniferou
(GB) s Forests,
andthe  Jammud Sub

Kashmir .
state of Tropical
Azad (broad
Jammu leaved)
and Forests,
Kashmir and
(AJK) Tropica

Dry
Deciduous
Forests
. evergreen
Khyberp  Gilgit- .
akhtun Baltistan, ﬁlocrﬂ,fgﬁg
(KP), Khyber Regiona 18300 1500-

[24] Gilgi Pakhtunk | 0 15103 35.76 73.36 3300 Zzgwiguous MODIS
Baltistan  wa, and broad-
(GB) Azad

leaved




and Jammu & and
Kashmir  Kashmir conifer
species
Gilgit-
Baltistan
(GB), Gilgit- ,
Khyber Baltistan, S:rzzlplne
Pakhtun  Khyber s0nes
khwa Pakhtunk  Regiona . Landsat 5 TM and
[25] (KP), wa, and | 85435 15103 36.40 73.31 - alpine dry Landsat 8 OLI
and Azad steppeg
Azad Jammu & and alpine
Jammu  Kashmir meadows
Kashmir
(AJK)
Rawal Forest,
Watersh Conifer
6]  ed, Islamabad ool o724 102 370 7342 1800 oSt | ndsat5 (TM)
Islamab (Part of) Dry Semi
ad Evergreen
Forest
Simly Conifer
Watersh Islamabad zr?crjelgt Landsat 5 (TM) and
[27] ed, P Local 164 102 33.70 73.12 - Semi y SPOT
Islamab (Partof) em!
ad Evergreen
Forest
Islamab : Margalla Landsat 5 TM imagery
[28] ad Islamabad  Local 907 102 33.82 72.40 457-610 Hills and SPOT 5 imagery
Margalla subtropica
h Hills | broad-
National leaved
Park Islamabad 469- evergreen  Landsat5 TM, 7 ETM, 5
[29] (MHNP)  (Part of) Local 174 102 33.73 73.07 1560 , ™, 8 OL|
; subtropica
Islamab | chir pine
ad forests
Margalla
Hills
National
Park Islamabad Landsat 7 (ETM+),
[30] (MHNP)  (Part of) Local 571 102 33.75 73.01 - Landsat 8 (OLI)
islamab
ad
B S idamabad Local 907 102 3B74 7308 : : Landsat 5 and 8
Subtropic
al
Islamab broadleav  Landsat-5 TM TIRS and
[32] ad Islamabad  Local 906 102 33.47 72.81 400-650 es and Landsat-8 OLITIRS
pine
forests
Islamab Subtronic Landsat 3 MSS, Lansat
[33] ad Islamabad  Local 906 102 3347 72.81 1175 al fore\ft 5 TM, Landsat 7 ETM+

Capital

and Landsat 8 OLI




Territory

(ICT)
Landsat Multi-Spectral
Scanner (MSS),
Islamab Thickand  Thematic Mapper
[34] Islamabad  Local 906 102 33.72 73.08 457-610  mixed (TM), Enhanced
ad .
forestland  Thematic Mapper Plus
(ETMp) and Operational
Land Imager (OLI)
evergreen
broadleaf
forests
and
subtropica  Landsat 4/5 MSS/ TM,
Islamab | Landsat
[35] ad Islamabad  Local 906 102 33.72 73.08 457-610 evergreen 7 ETM+ and Landsat 8
coniferous  OLI
aeciduous
broadleaf
forest
Indus
Delta
and Indus
Sandspi Delta Indus Delta,
t, Sindh ’ 67.6412
- 24144 .
Miani Sandspit Sandspit,
Hor ’66.933
; 24.836 -~
(Sonmia  Mangrove Sonmiani Sonmiani, Manarove
[36] nibay),  Sites of National - 680 ' 66.74 - g ALOS - AVNIR-2
; 25.2001 s Forest
Kalmat Pakistan Kalmat
Kalmat
Khor Khor Khor,
and i 64.039
Jiwani 3&22?5 Jiwani,
(Gwadar 25 0234 61.741
bay),
Balochis
tan
Indus Indus
Delta Delta Indus Delta,
and ’ 67.6412
, 24144 )
Sandspi Sandsoit Sandspit,
t, Sindh Pt 66,933
; 24.836 -
Sonmia  Mangrove Sonmiani Sonmiani, Manarove
[37] ni, Sites of National 1580 680 ' 66.74 100 9 ALOS - AVNIR-2
; 25.2001 s Forest
Kalmat Pakistan Kalmat
Kalmat
Khor Khor Khor,
and 254035 04039
Jiwani, Jiwani Jiwani,
Balochis 25 0234 61.741
tan
Indus Indus Indus Delta:
Delta, Delta: 67.5015
Sandspi  Mangrove 23.957 Sandspit: Manarove Landsat-5 TM, Landsat-
[38] t, Sindh  Sites of National 9538 680 Sandspit:  66.9478 - foresgt 7 ETM+ and Landsat-8
Sonmia  Pakistan 24.8399 Sonmiani: oLl
ni, Sonmiani:  66.3945
Kalmat 25.5343 Kalmat




Khor Kalmat Khor:
and Khor: 64.0827
Jiwani, 25.4105 Jiwani:
Balochis Jiwani: 61.7558
tan 25.1678
District Tropical
[39] Manseh  Mansehra  Local 4296 1385 34.72 73.49 975 forest Landsat 5and 8
ra, KPK
District
ll}:a:r‘sgh gllna dnsehra Landsat 5 TM, Landsat
[40] District ~ Battagram Local 1802 1847 34.50 73.04 - 7 ETM+ and Landsat 8
Battagra  (Part of) oL
m, KPK
Murree Himalayan
1] Srae'gat F(f,vﬂ‘zgd Local 468 712 33.86 73.36 gggo f:ibr:fp'ca SPOT-5
Punjab forests
Foothills
of the Sub-
Himalay . tropical
2 an oty Local 62 712 382 7336 oY andmoist oo T and
Mountai temperate
ns, forests
Punjab
Shahee
d Shaheed
uy oo aBjr(‘gz'lftab local 20 11 2610  68.25 30 Paiforest oot TWETMIOLT
district, of)
Sindh
Pai
forest,
District ~ Shaheed
W g e Lol 19 2611 6825 4m-33m  Paiforest Landsat-8 OLITIRS
Benazir  of)
abad,
Sindh
District 500- Coniferou  Aerial Photographs and
[45] Swat, Swat Local 5037 939 35.17 72.46 6500 sForests  Sattelite Ima
NWFP gery
Western
Himalayan
Swat subalpine
and . conifer
146] ghangla g‘r’]vjrt]galgd lReg'O”a 409 1478 3473 7256 iggo forest and 'é?ﬁffgpg“%ﬁgd\faﬂ
istricts, Himalayan
NWFP subtropica
| pine
forests
District 500- Coniferou  Aerial Photographs and
[47] Swat, Swat Local 5037 939 3517 72.46 6500 s Forests  Sattelite Ima
NWFP gery
Swat Tropical
[48] Valley, Swat Local 5337 939 35.06 70.79 - deciduous  Landsat
KPK to Alpine




Kumrat,  Swat (Part Local 346 939 35 56 7243 2000- coniferous

[49] Landsat 5 TM, 8 OLI

KPK of) 6000 forest
Cedrus
deodara
forest
(CD),
Pinus
Kumrat wallichian
50]  valey, ovat(Pat o 346 a3 3565 7230 2000-aforest ) gcatg oL
KPK of) 6000 (PW),
Abies
pindrow
(AP) and
mixed
coniferous
forest
Swat
511 Valey,  Swat local 5302 939 35.00 72.30 : gaL’}/d%aFt{gM ETM+ and
KPK
59 :Sdlltjs Thatta Local 1010 34 2495 67.71 Mangrove  Landsat TM and
[52] Si?l de;], (Part of) oca ' ‘ i sForest  Landsat8 OLI
Riverine
Thatta
53] distict, 9N local 17361 34 2158 6792 : forest | andsat
Sindh (Part of) Mangrove
forest
54 :;dlltjs Thatta Local 1962 34 23.94 6765 Mangrove  Landsat-7 ETM+ and
54 Si?l dah’ (Part of) oca : ' i sForest  Landsat-8 OLI/TIRS
Thatta
River,
Indus Thatta Riverine Landsat 3 MSS,
[59] River (Part of) Local 42 34 24.66 67.97 i Forest Landsat5 TM
Basin,
Sindh
Sukkur
and
Shikarp ~ Sukkur Riverine
ol Regiona 1997 12 2800 6912 : forests of | andsat MSS and TM
ivision'  Shikarpur | Bela
S (Part of) forests
forests,
Sindh
Subtropic
al
evergreen
dry broad-
Muzaffa leaved
rabad forests,
district, subtropica
prp G20 o Mlerd o 70 7 3428 7364 : eI PNe | andsat TM
ammu  bad forests
and and
Kashmir temperate
(AJK) broad
leaved
and
coniferous

forests




Thak

Valley, Diamir
[58] Khyber Local 213 570 35.15 74.05 - - Landsat ETM
Pakhtun (Partof)
khwa
Chichaw
atni
Irrigated Dalbergia ~ SAR (ALOS-2 PALSAR)
Plantati ~ Sahiwal sisso0 dual-pol imagery and
(5] on, (Part of) Local 47 3 30.53 7266 Forest WorldView-3 satellite
Sahiwal Plantation  image
District,
Punjab
Besham Buner
[60] Watersh (Part of) Local 6812 464 34.50 72.50 - - Landsat5 TM
ed, KPK
Gilgit-
:;rakor Baltistan _
Highway and Regiona Conlfgrs Landsat 4-5 MSS,
[61] Khyber 4200 11042 34.91 72.87 4,693 and pine Landsat 7 ETM and
(N-39). " pakntunk ! f
KPK akhtun orests Landsat 8 OLI
andGB "2 (Part
of)
62 CeMW pechawar  Local 1257 9 3402 7158 331 Urban | ondsat 5, 7 and 8
ar, KPK forest
Mangla
i Oy
District . Subtr.oplc Landsat 5 TM, Landsat
[63] A " Mirpur Local 3053 63 33.12 73.39 630 al Thiste 7 ETM+ and Landsat 8
ad
and Scrub  OLI
Jammu
Forest
and
Kashmir
Chir Pine
(Pinus
roxburghii)
with a little
mix of
Sudhnut Blue Pine
[64]  idistrict, Sudhnuti  Local 471 297 33.71 73.75 3?21 (Pinus (L)aLrl‘dsatTM’ ETM+ and
AJK wallichian
a) when
approachi
ng
temperate
forest
Balochis
tanand  Balochista Regiona 76982 600- Mixed
[65] Eastern n I 4 18 2885 66.41 1200 forests MODIS
Iran
Subalpine,
dry
temperate
Knyber v ber . »
[66] Eﬁkht“” Pakhtunkh 9™ 11336 10123 34.10 71.60 2% most SPOT-5
wa wa I 7708 temperate
(KP) , oak,
subtropica
| broad-

leaved,




subtropica
|

pine, and
dry
tropical
thorn
forests
Jhelum
River
Basin Azad Evergreen
67] (DMangla Jammu & Regiona 33397 4061 34.00 7431 232- andl Landsat TM, ETM+ and
am Kashmir 6285 deciduous  OLI
Watersh forests
ed),
Punjab
Multan Urban
[68] district, ~ Multan Local 3650 59 29.90 71.35 - f Landsat TM and OLI
Punjab orest
Landsat 4, 5 Thematic
Mapper (TM), Landsat 7
Lodhran
o Urban Enhanced TM Plus
[69] gj:'lg;; Lodhran Local 1 29.90 71.35 - forest (ETM#), and Landsat 8
I Operational Land
Imager (OLI)
Himalayan
Battagra moist
m, temperate
[70]  Khyber Battagram Local 1507 462 34.41 73.10 4000 forestand  oNdsaT and Landsat
Pakhtun Sub-
khwa alpine
temperate
Coastal
belt of Karachi Mangrove
[71] Karachi Local 2030 34 2477 67.18 - Landsat 8 OLI
Region, (Part of) forest
Sindh
Dense
deodar
and pine
forest,
Juniperus
communis
(juniper),
Pinus
\F/’Z:Iaesy wallichian
Kohista ?blue
N Kohistan 3000-  pine) Landsat 3 MSS,
[72] district, Part Local 7492 1304 35.38 73.33 4000 Abies, Landsat 7 ETM+ and
Knyber ~ (Parton ' Sentinel 2A
Pakhtun webbiana
khwa (silver fir),
(KP) Aesculus
indica
(bankhor),
Pinus
species,
Cedrus
deodara
(deodar),

Abies




pindrow
(palunder)
, Pinus
gerardian
a
(chalghoz
a), and
Juglans
regia
(walnut)

[73]

Gilgit-
Baltistan

Gilgit-
Baltistan

Regiona
I

68601

919

36.24

76.42

950-
8538

Forest
with
needle
leaf trees,
broadleaf
trees, and
mixed

MODIS




Table S2. A database of methodology, accuracy, LULC classes, classification techniques, algorithms and forest change statistics published in seventy-three published articles (1993-2021) for
forest mapping in Pakistan using remotely sensed data.

Reference Forest Classificat LULC Classificat Algorithm  Ground  Classificat Accuracy = Change Rate of Forest Change
Ecoregion  ion Type Classes ion used / Truthing/ ion achieved Assessme Change of
Technique Technique Validation accuracie nt Years Forest (if
s for s used calculated
Classificat )
ion
Accuracy

1] Himalayan ~ Unsupervis Dense Principal Maximum - - - 1976- Therates  Forest depleted from 1976-1987, Forest area increased from
subtropical  ed Forest, Componen  likelihood 1987-1990 ofchange  1987-1990
pine Sparse t Analysis  classificati in area
forests Forest, on between

Bare Soil/ technique 1976 and

Very 1987 in

Sparse dense and

Vegetation sparse
forests are
about
64.27 and
31.55
halyear,
respectivel
y, while the
correspond
ing rates of
change
from 1976
to 1990
are about
32.42 and
35.36
halyear,
respectivel
y.

[3] Western Unsupervis  Agriculture  Pixel- Nonhierarc - - - 1979-1993 20,270 ha  Forest decreased/ declined
Himalayan ed Riparian, based hical in 1979
broadleaf Forests, clustering that
forests Barren procedure reduced to

land/ fallow known as 11,340 ha
land and ISODATA in 1993
Water (Interactive

Self

Organizing




Data

Analysis)

[4] Indus Manual Dense Pixel- On-screen - - - 1992- Decrease  Analysis reveals overall reduction of 1,938 ha (19.38 sq. km) of
River Mangroves  based, Digitization 2001-2007 of 1938 ha  mangroves from 1992 to 2001 whereas, from 2001 to 2007 a
Delta- , Medium visual of positive trend in mangrove classes was observed in terms of
Arabian Mangroves  interpretati mangroves  sustainability.

Sea , Sparse on and from 1992
mangroves Mangroves  band to 2001.
, Very combinatio On the
Sparse n other hand
Mangroves a relatively
, positive
Saltbushes trend of
| Grasses, mangroves
Marine from 2001
Algae, to 2007 is
Water analyzed.

2 Himalayan ~ Supervised Agricultural  Pixel- - - Overall Did not 1990-1998  Forest Forest decreased
subtropical Land, based accuracy,  mention cover
pine Dense Overall decreased
forests Forest, Kappa atan

Settlement Statistics annual rate
s/ Urban, 0f 0.6%
Sparse

Vegetation

[5] Aravalli Not River, Not Not - - - 1977- 877.69 Forest decreased from 1977-1990 and from 1990-1998
westthorn  mentioned  Riverine mentioned  mentioned 1990-1998  halyear
scrub forest, decrease
forests Sandy and from 1977-

Barren 1990

Areas 897.5
halyear
decrease
from 1990-

1998




[6] Western Supervised  Conifer Object- NN Fuzzy - Overall 89.99% NA NA NA
Himalayan Forest, based classifier accuracy
broadleaf Conifer
forests forest
(Shadowe
d), Mix
Forest,
Grasses/S
hrubs,
Bare
soil/Rocks
and Built-
up area
[56] Aravalli Supervised  Forest, Pixel- Maximum - Overall 1979 1979- Forest Result show that the deforestation from 1979-2009 was about
west thorn Water based likelihood accuracy (Overall 1992- cover in 85%.
scrub body, classificati and Kappa Accuracy;:  1998- 1979 was
forests Grass/ on Coefficient  99.96%, 2000- 22.67%, in
Agriculture technique Kappa: 2006-2009 1992 was
land and 0.9995) 17.38%, in
Dry land/ 1992 1998 was
land use (Overall 12.28%, in
Accuracy: 2000 was
99.9%, 6.15%, in
Kappa: 2006 was
0.9996) 7.51% and
1998 in 2009
(Overall was
Accuracy: 5.97%.
99.53%,
Kappa:
0.9935)
2000
(Overall
Accuracy:
99.96%,
Kappa:
0.9994)
2006
(Overall
Accuracy:
99.93%,
Kappa:
0.9985)
2009

(Overall




Accuracy:

99.68%,
Kappa:
0.9945)
[36] Indus Supervised Dense Object- NN Fuzzy 250 Overall Overall Nochange NA NA
River Mangroves  based classifier accuracy Accuracy:  assessme
Delta- , Medium and Kappa  83.2% nt, study
Arabian Mangroves Coefficient  Kappa was done
Sea , Sparse value: only for
mangroves Mangroves 0.7301 year 2008-
, Shrubs/ 09
Grasses,
Algae,
Mudflats,
Barren
land,
Saltpans,
Built-up
Area, and
Water
body
[45] Western Manual Forest NA Manual - - 1968- Forest A significant decrease in forests and increase in agriculture and
Himalayan cover, Digitization 1990-2007  change built up areas
subalpine Agricultural of Aerial between
conifer land, Photograp 1968-2007
forests Rangeland hs and in Kalam
, Built up Satellite (zone A)
areas, and Imagery was -
Water 30.5%,
bodies Malamjaba
(zone B)
was -
49.7% and
Barikot
(zone C)
was -

70.9%.




[46]

Mixed
forests

Supervised

Dense Pixel-
forest, based
Open

forest,

Shrub/

grass,

Agriculture

, Bare soil,

and Water/

snow

Maximum
likelihood
classificati
on
technique

Overall
accuracy,
User's
accuracy
and
Producer's
accuracy

2001
(Overall
Accuracy:
79.2%)
2009
(Overall
Accuracy:
81.1%)

2001-2009

Annual Forest decreased/ declined
gross
deforestati
on rate,
between
2001

and 2009,
in swat
was 0.96
%, in
Shangla
0.64%

and in
other
areas
0.91% with
a total
average of
0.82 %.

7]

Western
Himalayan
broadleaf
forests

Supervised

Settlement  Pixel-
, based
Vegetation

, Water,

Forest and

Bare land

Maximum
likelihood
classificati
on
technique

1998-
2005-2009

Forest Forest increased Overall
change
between
1998-2005
was
positive
ie.,
11.943%
to
15.222%
and
between
2005-2009
was
negative
ie.,
15.222%
to 14.77%.
Overall
forest
change
from 1998-
2009 was
positive
ie.,




11.943% -
14.77%.

[37]

Indus
River
Delta-
Arabian
Sea
mangroves

Supervised Dense
Mangroves
, Medium
Mangroves
, Sparse
Mangroves

Saltbushes
| Grasses,
Algae,
Mudflats
and Water

Object-
based

Nearest
neighbour
classificati
on
algorithm
and rule-
based
methods

Overall
accuracy
and Kappa
Coefficient

Indus
Delta
(Overall
Accuracy:
80.2%,
Kappa:
0.71)
Sandspit
(Overall
Accuracy:
84.6%,
Kappa:
0.74)
Kalmat
Khor
(Overall
Accuracy:
80.5%,
Kappa:
0.76)
Miani Hor
(Overall
Accuracy:
78.9%,
Kappa:
0.69)
Jiwini
(Overall
Accuracy:
83.8%,
Kappa:
0.73)

No change
assessme
nt, study
was done
only for
year 2009

NA

NA




[47]

Western Manual
Himalayan

subalpine

conifer

forests

forestland,
agricultural
land,
rangeland,
settlement
s and area
covered by
permanent
or
perennial
water
bodies

NA

Manual
Digitization
of Aerial
Photograp
hs and
Satellite
Imagery

1968-
1990-2007

In zone C,
75.1 % of
the forest
area was
converted
to
rangeland
in 40
years,
whereas in
zone A,
37.8 % of
forest area
was
converted
to
rangeland,
of which
2/3 took
place in
period 1

The
highest
rate of
reforestatio
nwas
observed
in zone A,
where 27.7
% of
rangeland
and 16.0
% of
agriculture
land was
reforested
in period 1

Reforestati
onin
period 2
took place
particularly
on range

Deforestation majorly while reforestation occurred but negligible




land, with

03,04
and 4.1 %
in zones A,
B and C,
respectivel
Y;
reforested.
The extent
of
reforestatio
nwas,
however,
negligible
compared
to the rate
of
deforestati
on.

[12] Northwest  Supervised Forest, Pixel- Maximum Overall The total 1992- The Deforestation occurred
ern Grass/shru  based likelihood accuracy,  accuracy 2000-2009  deforestati
Himalayan b, classificati Producer's  rate (total on rate
alpine Agriculture on accuracy,  number of increased
shrub and , bare soil/ technique user's accurate from
meadows rock, accuracy,  pixels 0.14% per

snow/ Overall compared annum in
glaciers Kappa to number 1992-2000
and water Statistics of pixels t0 0.54%
body taken as per annum
reference) in 2000~
was 87.6% 2009, with
and the 3,799 ha
kappa forest lost
statistics over the 17
value years
85.0%.
The
producer’s
accuracy
was over
80% in all
classes

except




agricultural
fields

(78.9%);
the user's
accuracy
was over
80% in all
classes
except for
grasses
(75%).

[57] Himalayan  Supervised Forest, Pixel- Maximum Overall 1998 1998-2009 The Forest decreased/ declined
subtropical Low based likelihood accuracy,  (Overall classificati
pine vegetation, classificati Producer's  Accuracy: on results
forests Built up, on accuracy, 89%, revealed

Bare soil technique user's Kappa: that from
and Water accuracy, 86%, 1998 to
Overall Producer's 2009, over
Kappa accuracy: a period of
Statistics >90% for about 11
all classes years,
except forest
bare soil cover and
i.e. 85%, low
User's vegetation
accuracy: have
>84% for decreased
all classes) at the rate
of 02.70%
2009 and
(Overall 02.60%
Accuracy: respectivel
86%, y.
Kappa:
82%,
Producer's
accuracy:
>87% for
all classes
except
bare soil
i.e. 79%,
User's
accuracy:

>77%)




[52] Indus Supervised Mangroves  Pixel- Maximum - 2009-2014  The Forest increased
River Classificati , Mudflats,  based likelihood supervised
Delta- onand On- Vegetation classificati classificati
Arabian Screen / Crop, on on and
Sea Digitization ~ Algae, technique onscreen
mangroves Sand and and On- digitization

Water Screen results

Digitization showed
that total
area of
mangrove
cover was
946.52
km2,
960.83km2
and
1010.11km
2,
1082.71km
2in 2009
and 2014
respectivel
y

[16] Western Supervised  Agriculture  Pixel- Maximum - 2000-2012  From 2000  Forest decreased/ declined
Himalayan , Snow, based likelihood to 2012 the
subalpine Barren, classificati forest area
conifer Forest and on is
forests Water technique decreased

by 12%
and
agriculture
area is
increased
by 7%.

[41 Himalayan ~ Supervised Close Object- Standard 117 Overall 2011 2005-2011 Basedon  The results show that there is a decrease of about 5 km2 of
subtropical canopy based nearest accuracy,  (Overall a change ‘closed canopy Pinus wallinchiana’ forest from 2005 to 2011 in
pine Pinus neighbor Producer's  Accuracy: matrixand  the state managed area, whereas, and a
forests roxburghi, accuracy,  94.01%, Cross- decrease of about 2 km2 in the community/private forest.

Close user's Kappa tabulation  Similarly, a reduction of closed canopy Pinus roxburghii forests of
canopy accuracy,  value: 122 km2 about 3 and 15 km2 is observed in state and

Pinus Overall 0.93, remain community/private forests respectively. The decrease in the Pinus
wallichiana Kappa Producer's forested wallichiana and Pinus roxburghii forests in turn resulted in an

, Open Statistics accuracy: after increase in the open canopy covers of both the Pinus species
canopy >91.67% conversion

(Pinus for all of 24 km2




roxburghii
and Pinus
wallichiana
), Open
canopy
(Quercus
spp.

and
Aesculus
spp.),
Scrub
forest,
Grasses,
Agriculture
land,
Barren
area, Built-
up area,
and Water
body

classes
except
scrub
foresti.e.
85.71%,
User's

accuracy:

>80.95%
for all
classes)

to non-
forested
land within
the state-
owned
forests,
from 2005
to 2011.
Only 24
km2 were
transforme
d from
nonforeste
dland to
forest
while
about 31
km2
remained
unchanged

On the
other
hand, in
the
community
[private
forest,
about 31
km2 was
converted
from forest
to
nonforeste
d land
while
about 52
km2
remained
unchanged
. An area
of about 49
km2 was
converted
from non-




forest

(8]

Western Supervised  Unclassifie

Himalayan d, Shrubs

broadleaf & Bushes,

forests Settlement
s, Forests,
Sparse
Vegetation
, Water
bodies and
Barrend
land

Pixel-
based

Mahalanob
is Distance
Classificati
on
algorithm
(MDC) and
Parallelepi
ped
classifier

Overall
accuracy,
Producer's
accuracy,
user's
accuracy,
Overall
Kappa
Coefficient

Parallelepi
ped
Technique
(Overall
Accuracy:
95.4%,
Kappa:
0.937,
Producer's
accuracy:
>95.31%
for all
classes
except
Sparse
Vegetation
ie.
76.31%,
User's
accuracy:
>84.85%
for all
classes
except
Settlement
si.e.,
75.65%)
MDC
Technique
(Overall
Accuracy:
85.97%,
Kappa:

classes to
forest
classes
while 135
km2
remained
unchanged
within the
non-
forested
land

No change -

assessme

nt, study

was done

only for

year 2014




0.8115,

Producer's
accuracy:
>70.28%
for all
classes,
User's
accuracy:
>61.55%
for all
classes
except
Sparse
Vegetation
ie.,
46.84%)

17 Western - Temperate - Land cover 2000-2012  In 2001, Forest increased
Himalayan Confier, classificati forest area
subalpine Subtropical on (LCC) -36,200 ha
conifer Conifer, obtained (SPQOT)
forests Junipers, from and -5874

Alpine Global ha
Meadows, Land (MODIS)
Degraded Vegetation

Forests, Monitoring In 2012,
Slope (GVM) forest area
Grassland project and 15,100 ha
s, Tropical developed (SPQOT)
Moist at NUST and 4160
Decidious, for year ha
Irrigated 2000 (MODIS)
Intensive

Agriculture

, Irrigated

Agriculture

, Slope

Agriculture

, Snow and

Mixed

Forests

[58] Northwest ~ Supervised  Snow, Built  Pixel- - - 1989, Forestin Forest decreased/ declined
ern up, Forest,  based 1999, 2009 1989 was
Himalayan Water, 85.83 sq
alpine Vegetation km, in

1999 was




shrub and 41.34 sq
meadows km and in
2009 was
34.4 sq km
[26] Himalayan ~ Supervised Agriculture  Pixel- Maximum 100 Overall Overall 1992-2012  Vegetation  Forest decreased/ declined
subtropical , based likelihood accuracy,  accuracy (mixed
pine Settlement classificati Overall 0f 95.32% forest) in
forests s, Bare on Kappa and 1992 was
Soil/ Rock, technique Statistics 95.13% for 13160 ha
Vegetation 1992 and that
(Mixed 2012 decreased
forest), respectivel to 12292
Water y hain 2012
Kappa with a -
statistics of 6.6%
0.9237 and change.
0.9070 for
1992 and
2012
respectivel
y
[27] Himalayan Agriculture  Pixel- Maximum 100  Overall Overall 1992-2012  Vegetation  Forest decreased/ declined
subtropical , based likelihood accuracy,  accuracy (mixed
pine Settlement classificati Overall 0f 95.32% forest) in
forests s, Bare on Kappa and 1992 was
Soil/ Rock, technique Statistics 95.13% for 11,342 ha
Vegetation 1992 and that
(Mixed 2012 decreased
forest), respectivel to 7008 ha
Water y in 2012
Kappa with a -
statistics of 26%
0.9237 and change.
0.9070 for
1992 and
2012
respectivel

y




[53] Aravalli Supervised Dense Pixel- Maximum - - - 1990- All types of  Forest decreased/ declined
west thorn Mangrove  based likelihood 2010-2014  forests
scrub Forest, classificati were
forests Sparse on 152,762 ha

Mangrove technique in 1990,
Forest, 129,306 ha
Riverine in 2010
Forest, and
Agriculture 102,223 ha
Land, in 2014
Mesquite/

Grasses/B

ushes,

Saccharu

m

spp./Typha

Spp.,

Soil/Wet

Soil/Mudfla

ts/Rocks,

Algal Mat,

Sand/River

Bed/Saline

Area and

Water

[28] Western Supervised  Agricultural  Pixel- Maximum 100  Overall Overall 1992-2012  Forest Forest decreased/ declined
Himalayan area, Built  based likelihood accuracy,  accuracy areain
subalpine up area, classificati Kappa of 89% for 1992 was
conifer Barren on statistics both 1992 12,136 ha
forests area, technique and 2012 and in

Forest Kappa 2012 was
area and statistics of 6138 ha
Water 0.89 for with an
body both 1992 annual rate
and 2012 of change

of -2.47%




(23]

Mixed
forests

Supervised Dense
Coniferous
Forest
(DCF),
Sparse
Coniferous
Forest
(SCF),
Dense Mix
Forest
(DMF),
Sparse Mix
Forest
(SMF),
Dense
Broadleav
ed Forest
(DBF),
Sparse
Broadleav
ed Forest
(SBF),
Grasses/S
hrubs
(GS),
Alpine
Grasses
(AG),
Peatlands
(P),
Agriculture
(Cropped)
(AC),
Agriculture
(Fallow)
(AF), Bare
Soil/Rocks
(BSR),
Snow/Glac
iers/lce
(SGI) and
Water
bodies (W)

Pixel- Maximum
based Likelihood
Classifier

Overall
accuracy,
producer's
accuracy
and user's
accuracy

DCF 1990-
(Overall 2000-2010
Accuracy:
91%)
SCF
(Overall
Accuracy:
80%)
DMF
(Overall
Accuracy:
90%)
SMF
(Overall
Accuracy:
84%)
DBF
(Overall
Accuracy:
92%)
SBF
(Overall
Accuracy:
92%)
Dense
Forest
(PA:
80.95%,
UA:
94.44%)
Sparse
Forest
(PA:
71.43%,
UA:
95.24%)
Grass/Shr
ubs (PA:
49.35%,
UA:
74.51%)
Agriculture
(PA:
65.31%,
UA:

Overall,
the annual
forest
cover rate
of change
is -0.38%
for the
entire
area.
Annual
rate of
change of
forest in
KP was -
0.42%, in
GB was -
0.31% and
in AJK was
-0.13%.

Forest decreased/ declined




60.38%)
Bare
soil/rocks
(PA:
81.25%,
UA:
59.09%)
Snow/Glac
iers (PA:
60.71%,
UA:
53.13%)
Water (PA:
112.50%,
UA:
64.29%)

)

Western
Himalayan
broadleaf
forests

Supervised

Forest,
Bare land,
Shrubs &
bushes,
Sparse
vegetation,
Water and
Settlement
S

Object-
based

Nearest
neighbor
classifier
and
Support
Vector
Machine
classifier

Overall
accuracy,
User's
accuracy
and
Producer's
accuracy,
Kappa
Coefficient

Nearest
Neighbor
(Overall
Accuracy:
96%,
Kappa
Coefficient:
0.96,
Producer's
accuracy:
>92% for
all classes,
User's
accuracy:
>85% for
all classes)
Support
Vector
Machine
(Overall
Accuracy:
98.93%,
Kappa
Coefficient:
0.98,
Producer's
accuracy:

No change
assessme
nt, analysis
year not
mentioned
in the
paper




>96% for
all classes,
User's
accuracy:
>93% for
all classes)

43]

Aravalli Supervised
west thorn

scrub

forests

Dense Pixel- Maximum
forest, based Likelihood
Sparse Algorithm
forest, and

Bare land

1987-
1992-
2000-
2010-
2013-2014

Forest
area in
1987 was
1525 ha, in
1992 was
1057 ha, in
2000 was
1290 ha, in
2010 was
1540 ha, in
2013 was
1619 ha
and in
2014 was
1637 ha.

Forest
increased
on about
467 ha (24
%) over a
period of
18 years
(1992-
2010) with
an average
annual
increase in
area of 26
ha. While
from 2010
to 2014,
vegetation
increased
on an area
of about
113 ha (6

Forest increased




%) with an

average
annual
increase of
28 ha.
[18] Western Supervised  Forest Pixel- Maximum 297  Overall 2004 2004- Period Forest decreased/ declined
Himalayan land, based Likelihood accuracy,  (Overall 2007- 2004 to
subalpine Range Algorithm User's Accuracy:  2010-2013 2013 the
conifer land, accuracy 62.22%, area of
forests Agriculture and Kappa: forest land
land, Producer's  58%) decreased
Barren accuracy, 2007 by 6.4%
land, Kappa (Overall with an
Glacier/ Coefficient  Accuracy: annual
sSnow 75%, declined
cover, Kappa: rate of
water 65%) 0.6%
bodies 2010
(Overall
Accuracy:
78%,
Kappa:
69%)
2013
(Overall
Accuracy:
78%,
Kappa:
69%)
[59] Aravalli Calibration ~ Shisham L-band - - - - No change - -
west thorn (Dalbergia  synthetic assessme
scrub Siss00), aperture nt, study
forests Sufeda radar was done
(Eucalyptu only for
S year 2015
camaldule
nsis), Toot
or
Mulberry
(Morus
alba), and
Simal
(Bombax
cieba) in

pure and




mixed form

with
naturally
grown
Mesquite
(Prosopis
juliflora).

[48] Western Supervised  Water, Pixel- - 30 Overall 72% 1992-2011  Dense Dense Forest decreased/ declined
Himalayan Dense based accuracy forest Open Forest increased
subalpine forest, Mix shows
conifer class, decrease
forests Agriculture from

, Open 178933.5

forest, hato

Pastures, 108054.4

and Snow ha (13.42
%
decrease)
which
amounts to
about
3730.47 ha
annually
over the
past
nineteen
years.
Conseque
ntly, open
forest is
increased
from
92633.6 ha
to
116648.23
ha

[19] Western Supervised  Forest Pixel- Non- 280 Overall SPOT-5 Nochange - -
Himalayan land, based parametric Accuracy, SVM assessme
subalpine Range Image Producer's  (Overall nt, study
conifer land, Classificati accuracy, Accuracy:  was done
forests Agriculture on user's 89%, only for

, Technique accuracy Kappa year 2013




Settlement
, Barren
land,
Water
bodies

(k-nearest
neighbor
(k-NN),
support
vector
machine
(SVM),
random
forest
(RF),

and neural
network
(NN))

and Kappa
Coefficient
s

Coefficient:
0.86,
Producer's
accuracy:
>71% for
all classes,
User's
accuracy:
>78%)
k-NN
(Overall
Accuracy:
88%,
Kappa
Coefficient:
0.85,
Producer's
accuracy:
>69% for
all classes,
User's
accuracy:
>71%)

RF
(Overall
Accuracy:
88%,
Kappa
Coefficient:
0.84,
Producer's
accuracy:
>69% for
all classes,
User's
accuracy:
>71 %)

NN
(Overall
Accuracy:
88%,
Kappa
Coefficient:
0.84,
Producer's




accuracy:
>73% for
all classes,
User's
accuracy:
>64%)

Landsat-8
SVM
(Overall
Accuracy:
1%
Kappa
Coefficient:
0.59,
Producer's
accuracy
>26% for
all classes
User's
accuracy
>40%)
k-NN
(Overall
Accuracy:
59%
Kappa
Coefficient:
0.54,
Producer's
accuracy
>11% for
all classes
User's
accuracy
>31%)

RF
(Overall
Accuracy:
1%
Kappa
Coefficient:
0.59,
Producer's
accuracy:




>17% for

all classes,
User's
accuracy:
>33%)

NN
(Overall
Accuracy:
65%,
Kappa
Coefficient:
0.51,
Producer's
accuracy:
>11% for
all classes,
User's
accuracy:
>4%)

[10] Western Supervised  Forest, Pixel- Maximum - - 2000-2009  Forest Forest decreased/ declined
Himalayan Settlement  based Likelihood areain
broadleaf s, Bare Algorithm 2000 was
forests land, 21146.4 ha

Vegetation andin

and Water 2009 was
19592.73
ha

[29] Himalayan  Supervised Settlement  Pixel- Maximum 200 Kappa 1990 1990- Area under Dense Forest decreased/ declined
subtropical s, Dense based Likelihood statistics (Kappa: 2000- dense Open Forest increased
pine forest, Algorithm 0.90) 2010-2017  forest
forests Open 2000 decreased

forest, (Kappa: by 11.14%
Water 0.91) (0.41% yr-
body and 2010 1), while
Agricultural (Kappa: the area
land 0.87) under
2017 open
(Kappa: forests
0.91) increased
by 4.28%

(0.15% yr-
1)




[49] Northwest ~ Supervised  Agricultural  Pixel- Maximum 50 Overall No 1994-2016  Netloss of  Forest decreased/ declined
ern land, based Likelihood accuracy, accuracy 629 ha
Himalayan Dense Algorithm User's values forest (29
alpine vegetation/ accuracy mentioned ha yr-1)
shrub and forest, and in the from 1994-
meadows Snow, Producer's  paper 2016

Barren accuracy,
land, and Kappa
Sparse Coefficient
vegetation/

forest and

Range

land

[20] Western On-Screen  Forests, - Scanned - 1970-2014 Atotalofa  Forest decreased/ declined
Himalayan  Digitization ~ Agricultural and 17%
subalpine land, Rectified decrease
conifer Rangeland has been
forests s and observed

pastures, in forest
Barren cover
land, and areas from
Settlement 1970 to

s 2014,

[54] Indus Supervised Dense Pixel- - - 2000-2014  Dense Dense mangroves decreased and normal mangroves increased
River mangrove, based mangroves
Delta- Normal decreased
Arabian mangrove, from 5682
Sea Cultivated ha in 2000
mangroves land, Other and 4382

vegetation, haata
Wet rate of -
mudflat, 0.93sq
Dry km/ year
mudflat,

Wet Normal
barren/vac mangroves
ant land, increased
Dry from
barren/vac 58446 ha
ant land, in 2000
Turbid and 90939
water and haata
Deep rate of
water 23.21sq

km/ year




[60] Western Supervised  Water, Pixel- Maximum 98 Overall Overall 2000-2010  Forestin Forest decreased/ declined
Himalayan Soil, based Likelihood Accuracy,  accuracy: 2000 was
subalpine Forest, Algorithm Kappa 71.4%, 2280.31 sq
conifer Grass, Coefficient  Kappa km and in
forests Built-up Coefficient 2010 was

(2010) 1892.56, a

0.623 change of -
17%
(2000-
2010)

[30] Himalayan ~ Supervised Forest, Pixel- Maximum - 2000-2018  Forestin Forest decreased/ declined
subtropical Open based Likelihood 2000 was
pine Land, Algorithm 4964.897
forests Water sq km and

bodies, in 2018

Build up, was

Shadow 4313.416
sq km, a
change of -
13%
(2000-
2018)

[61] Western Supervised Open land, Pixel- Maximum 500 Overall 1990 1990- There has  Forest decreased/ declined
Himalayan Urban, based Likelihood Accuracy,  (Overall 2000- been 26%
subalpine Water, Algorithm Kappa Accuracy:  2010-2016  decrease
conifer Vegetation Coefficient  88%, in forest
forests , Forest Kappa: cover from

and Snow 0.83) 1990 to

2000 2016
(Overall

Accuracy:

85%,

Kappa:

0.78)

2010

(Overall

Accuracy:

83%,

Kappa:

0.77)

2016

(Overall

Accuracy:

89%,




Kappa:

0.85)

11 Western Supervised  Built-up, Pixel- Non- Overall 1987 1987- Vegetation  Forest increased
Himalayan Agriculture  based parametric Accuracy,  (Overall 2002-2017  in 1987
broadleaf , Image Kappa accuracy was 68200
forests Vegetation Classificati Coefficient  82.44%, ha, in 2002

(forest), on Kappa was 68900
Bare Soil, Technique Coefficient ha and in
Water (Support 0.76) 2017 was
Vector 2002 73000 ha
Machine (Overall with a net
(SVM)) accuracy change of
88.80%, +2.90%
Kappa
Coefficient
0.86)
2017
(Overall
accuracy
94.68%,
Kappa
Coefficient
0.92)

[42] Himalayan ~ Supervised Forest Pixel- Maximum 300 Overall 1998 1998- Forestland  Forest decreased/ declined
subtropical land, based Likelihood accuracy, (Overall 2008-2018  shows
pine Barren Algorithm User's Accuracy: decline
forests mountains, accuracy 96%, from

Agricultural and Kappa 40,936.77
land, Built- Producer's  Coefficient: hain 1998
up area, accuracy, 0.832, to
and Water Kappa Producer's 40,545.63
body Coefficient  accuracy: ha in 2008
>72.73% to
for all 39,231.90
classes, hain 2018.
User's
accuracy: Forest land
>91.18% annual rate
for all of change
classes was -
except 0.09%




Barren
mountains
ie. 70%)
2008
(Overall
Accuracy:
96%,
Kappa
Coefficient:
0.823,
Producer's
accuracy:
>83.33%
for all
classes
except
Agricultural
i.e. 72.73,
User's
accuracy:
>83.78%
for all
classes
except
Barren
mountains
i.e., 69.23)
2018
(Overall
Accuracy:
96%,
Kappa
Coefficient:
0.841,
Producer's
accuracy:
>83.87%
for all
classes
except
Agricultural
i.e. 72.73,
User's
accuracy:
>80.00%

from 1998-
2008 and -
0.32%
from 2008-
2018




for all
classes)

[13]

Northwest
em
Himalayan
alpine
shrub and
meadows

Supervised

Forest,
Cropland
and Other
Classes

Pixel-
based

Maximum
Likelihood
Algorithm

2003-2015

Not
reported

Forest decreased/ declined

[14]

Northwest
ern
Himalayan
alpine
shrub and
meadows

Supervised

Dense
forest,
Sparse
forest,
Crops, and
Other

Pixel-
based

Maximum
Likelihood
Algorithm

1973-
1993-2015

In the
1973-1993
period,
most
deforestati
on
occurred at
higher
elevations
in valuable
confer
forests,
and that
deforestati
on has
shifted to
the lower
elevation
oak forests
in the
1993-2015
period.
There also
appears to
be an
increase in
forest

Overall forest cover decline between 1993 and 2015




degradatio
n at the
higher
elevations
in the
1993-2015
period.
Reduced
rate of
0.6% and
0.9% per
year in the
different
valleys

(1]

Baluchista
n xeric
woodlands

Supervised  Urban
area,
Water
bodies,
Barren
land and
Vegetation
(cropland,
forest, and
grassland)

Pixel-
based

Maximum
Likelihood
Algorithm

1996-
2003-2016

Vegetation
shows
increase
from
398.96 sq
km in 1996
to 594.97
sq km in
2003 and
then
decrease
464.68 sq
kmin 2016

Vegetation
shows an
overall
positive
change
from 1996-
2016 of
65.72 sq
km

Vegetation
decreased
by 21.90%
from 2003
to

2016.

Overall veegtation cover increased




[39] Western Supervised  Barren Pixel- - - 1998- Forests Forest decreased/ declined
Himalayan land, based 2008-2017  shows
broadleaf Builtup increase
forests area, from 601

Forest sq kmin

area, 1998 to

Grass 668 sq km

land, Ice in 2008

area and and then

Water area huge
decrease
194 sq km
in 2017

[62] Karakoram  Supervised Water Pixel- Visual - Nochange - -
-West body, based Image assessme
Tibetan Forest and Classificati nt, study
Plateau Shrub on was done
alpine land, only for
steppe Barren year 2013

land,
Alpine
Pasture,
Spare
Grass,
Irrigated
Agricultural
Land,
Permanent
Snow and
Glacier

[31] Western Supervised  Forestland, Pixel- Maximum - 1992- Itisfound  Forest decreased/ declined
Himalayan Grassland, based Likelihood 2000- that study
subalpine Settlement Algorithm 2008-2017  area faced
conifer s,Wetlands 22%
forests , reduction

Croplands, in the

and Other vegetative

lands (bare cover over

land, the time

shadow period

region) 1992-2000
the results
confirmed

51%




reduction

in the
vegetative
cover
between
the time
period
2008-2017
[40] Mixed Supervised  Built-up, Pixel- Non- 160  Overall 1990 1990- Vegetation  Vegetation (forest) decreased/ declined
forests Vegetation  based parametric accuracy,  (Overall 2002-2017  in 1990
(parks, Image Producer  Accuracy was
trees, Classificati accuracy,  94.96%, 1017.66 sq
grasslands on User Kappa km, in
, and Technique accuracy, Coefficient 2002 was
playground (Support Kappa 0.92, User 933.25 sq
s), Bare Vector Coefficient  Accuracy km and in
Soil, Water Machine 96.34%, 2017 was
(SVM)) Producer 841.89 sq
using Accuracy km with
Anderson 93.15%) net change
classificati 2002 of -9.88%
on scheme (Overall (1990-
(Level 1) Accuracy 2017)
92.26%,
Kappa
Coefficient
0.88, User
Accuracy
96.34%,
Producer
Accuracy
86.24%)
2017
(Overall
Accuracy
91.35%,
Kappa
Coefficient
0.87, User
Accuracy
93.67%,

Producer




Accuracy

92.84%)

[15] Karakoram  Supervised Dense Pixel- Maximum - Overall Overall 1973- Forestin Forest decreased/ declined
-West forest, based Likelihood accuracy,  accuracy: 1993-2015 1973 was
Tibetan Sparse Algorithm User's 89% and 89938 ha
Plateau forest, accuracy 93% with that
alpine Cropland, and 90% and reduced to
steppe and Other Producer's  92% 82540 ha

classes accuracy producer in 1993
accuracies and 68904
for dense hain 2015.
and sparse
forest Annual
respectivel rate of
y change

1973-1993
was -
0.43%,
1993-2015
was -
0.82% and
1973-2015
was -
0.63%

[63] Western Supervised  Water Pixel- Maximum 120  Overall 1992 1992- Vegetation  Forest decreased/ declined
Himalayan body, based Likelihood accuracy,  (Overall 2002-2013  in 1992
subalpine Vegetation Algorithm Kappa accuracy: was 738.1
conifer (forest), statistics 95.83% sq mi, in
forests Built-up and Kappa 2002 was

area, Statistics: 732.7 sq

Barren 0.93) mi and in

area 2002 2013 was
(Overall 526.73 sq
accuracy: mi with net
96.67% change of -
and Kappa 211.37 sq

Statistics:




0.95) mi (1992-
2013 2013)
(Overall

accuracy:

99.17%

and Kappa

Statistics:

0.99)

[55] Indus Supervised  Forest Pixel- Maximum 28 Overall 1979 1979- Forest Forest decreased/ declined
River cover, based Likelihood accuracy, (Overall 1992- cover was
Delta- Water Algorithm Kappa accuracy:  1998- 35.11%,
Arabian body, Coefficient  93.46% 2000- 29.14%,
Sea Grass/ and Kappa  2006- 8.10%,
mangroves Agriculture Coefficient:  2009-2010  5.56%,

land, Dry/ 0.9094) 2.57%,
Barren 1992 3.025%,
land (Overall 2.237% in
accuracy: years
98.10% 1979,
and Kappa 1992,
Coefficient: 1998,
0.9886) 2000,
1998 2006, 2009
(Overall and 2010
accuracy: respectivel
99.01% y. -89.07%
and Kappa net change
Coefficient: was
0.9986) observed
2000
(Overall
accuracy:
99.79%
and Kappa
Coefficient:
0.9966)
2006
(Overall
accuracy:
100% and
Kappa
Coefficient:
1.0)
2009

(Overall




accuracy:

100% and
Kappa
Coefficient:
1.0)
2010
(Overall
accuracy:
99.00%
and Kappa
Coefficient:
0.9825)
[50] Northwest ~ Supervised Dense Pixel- Maximum 50 Overall Did not No change - -
ern Forest, based Likelihood Accuracy, mention assessme
Himalayan Open Algorithm Kappa nt, study
alpine forest, Coefficient was done
shrub and Agriculture only for
meadows land, year 2016
Range
land,
Barren
land,
Water
bodies and
Snow and
Glaciers
[64] Himalayan ~ Supervised Forest, Pixel- Thresholdi 140  Overall Overall 1989- Forest Forest increased
subtropical Non-forest  based ng accuracy,  Accuracy:  1993- area
pine approach User's 96% 1999- declined
forests (linear accuracy Kappa 2005- from
mixture and Statistics: ~ 2010- 19701 ha
model Producer's  0.92 2015-2018 in1989to
(LMM) accuracy,  Producer's 18523 ha
approach) Kappa accuracy: in 1993,
Statistics 97% for 17574 ha
forest and in 1999
95% for and then
non-forest increased
classes from
User's 17792 ha
accuracy: in 2005 to
96% for 18447 ha
forest and in 2010 to
97% for 19015 ha

in 2015




non-forest and 20262
classes hain 2018
[65] Baluchista ~ Supervised Water, - MODIS - - 2001- Forest Forest increased
n xeric Forest, land cover 2002- cover was
woodlands Shrubland type 2003- -12.7,-13,
S, product 2004- 48.7, -
Savannas, (MCD12Q 2005- 222,10, -
Grassland 1) 2006- 25.5,-2.2,
s, 2007- 4.7,-3.7,
Croplands, 2008- 6.2, 27,
Urban, 2009- 40.2 sq km
Non- 2010- from 2001-
vegetated 2011- 2013
lands. 2012-2013  respectivel
y.
[66] Western Supervised - Object- - 373 - - Nochange - -
Himalayan based assessme
subalpine nt, study
conifer was done
forests only for
year 2012
[24] Mixed - Landsat Pixel- Rule- - 2000-2018  Did not -
forests tree cover, based based mention
Cropland, classificati
Shrub/gras on
siwetland/
Sparse
vegetation/
Built/ Bare
areas,
Water and
Snow
[32] Western Supervised  Forest Pixel- Machine 460 Overall 1998 1993-2018  Forestland Forest decreased/ declined
Himalayan land, based Learning accuracy,  (Overall in 1993
subalpine Impervious (Random User's Accuracy: was
conifer surface, Forests) accuracy 84%, 27,999 ha
forests Grass/agri algorithm and Kappa: that
culture Producer's  0.79) decreased
land, accuracy, 2018 to 26,675
Barren Kappa (Overall hain 2018
land and Coefficient  Accuracy: with an -




Water
bodies

91%,
Kappa:
0.85)

1.4%
change
from 1993-
2018

(33]

Western
Himalayan
subalpine
conifer
forests

Supervised

Tree cover  Pixel-
>40% based
canopy,

Tree cover

<40%

canopy,

Settlement

, Soil, and

Water

Maximum
Likelihood
Algorithm

125

Overall
accuracy,
User's
accuracy
and
Producer's
accuracy,
Kappa
Coefficient

1976
(Overall
Accuracy:
0.83,
Kappa:
0.79,
Producer's
accuracy >
72%,
User's
accuracy >
75%)

1990
(Overall
Accuracy:
0.85,
Kappa:
0.81,
Producer's
accuracy >
80%,
User's
accuracy >
77%)

2000
(Overall
Accuracy:
0.86,
Kappa:
0.82,
Producer's
accuracy >
80%,
User's
accuracy >
80%)

2010
(Overall
Accuracy:
0.88,
Kappa:

1976-
1990-
2000-
2010-2016

Annual
rate of
change of
Tree cover
>40%
canopy
was -
0.81% per
year from
1976-2016

Forest decreased/ declined




0.84,
Producer's
accuracy >
80%,
User's
accuracy >
79%)

2016
(Overall
Accuracy:
0.90,
Kappa:
0.85,
Producer's
accuracy >
84%,
User's
accuracy >
84%)

[67]

Western
Himalayan
subalpine
conifer
forests

Supervised

Agriculture
, Forest,
Grass,
Settlement
and Water

Pixel-
based

Machine
Learning
(Random
Forests)
algorithm

Overall
accuracy,
User's
accuracy
and
Producer's
accuracy,
Kappa
Coefficient

2001
(Overall
Accuracy:
90%,
Kappa:
89%,
Producer's
accuracy >
83%,
User's
accuracy >
83%)
2009
(Overall
Accuracy:
92%,
Kappa:
90%,
Producer's
accuracy >
88%,
User's
accuracy >
82%)

2018
(Overall

2001-
2009-2018

Forestin
2001 was
9311 sq
km, in
2009 was
10,745 sq
km, and in
2018
12,118 sq
km with
positive
difference
of 2806.87
sq km from
2001-2018

Forest increased




Accuracy:

95%,
Kappa:
94%,
Producer's
accuracy >
93%,
User's
accuracy >
94%)

[51] Western Supervised  Forest, Pixel- - - 2000- Forest in Forest decreased/ declined
Himalayan Settlement  based 2005- 2000 was
subalpine , Snow, 2010-2015  1473.07 sq
conifer Water km, in
forests body and 2005 was

Others 1235.40 sq
km, in
2010 was
1167.93 sq
km and
was
1086.05 sq
km.

[68] Aravalli Supervised  Forest, Pixel- Overall Rabi 1988- Forestin Forest decreased/ declined
west thorn Wheat, based accuracy, Season 2002-2017 1988 was
scrub Sugarcane User's 1988 9400 ha, in
forests , Other accuracy (Overall 2002 was

crops, and Accuracy: 7285 ha,
Building, Producer's  87.6%, and in
Water and accuracy,  Kappa: 2017 was
Bare soil Kappa 0.75, 5297 ha
Coefficient  Producer's with
accuracy > change of
85.2%, -4103 ha
User's from 1988-
accuracy > 2017
85.5%) during
2002 Rabi
(Overall Seasion
Accuracy:
84.5%, Forestin
Kappa: 1988 was
0.77, 9793 ha, in
Producer's 2002 was
accuracy > 7139 ha,




80.4%,
User's
accuracy >
82.1%)
2017
(Overall
Accuracy:
85.1%,
Kappa:
0.82,
Producer's
accuracy
>84.2%,
User's
accuracy >
79.2%)

Kharif
Season
1988
(Overall
Accuracy:8
6%,
Kappa:
0.81,
Producer's
accuracy >
84.4%,
User's
accuracy >
82.7%)
2002
(Overall
Accuracy:
89.3%,
Kappa:
0.84,
Producer's
accuracy
>83.5%,
User's
accuracy
>81.9%)
2017
(Overall

and in
2017 was
4937 ha
with
change of
-4856 ha
from 1988-
2017
during
Kharif
Seasion




Accuracy:

87.7%,
Kappa:
0.78,
Producer's
accuracy
>83.2%,
User's
accuracy >
83.1%)

[69] Aravalli Supervised vegetation  Pixel- Maximum - Overall 1977 1977- Vegetation ~ Forest increased
west thorn (natural based Likelihood accuracy,  (Overall 1987- (forest) in
scrub vegetation, Algorithm User's Accuracy:  1997- 1977 was
forests forest, crop accuracy 0.86, 2007-2017  87.9%, in

fields, and Kappa: 1987 was
agricultural Producer's  0.77, 89.8%, in
lands, accuracy,  Producer's 1997 was
parks, and Kappa accuracy > 91.5%, in
vegetated Coefficient  82.9%, 2007 was
lands), User's 90.8% and
built-up accuracy > in 2017
area (all 89.1%) was
infrastructu 1987 89.5%.
re, (Overall

commercia Accuracy:

| and 0.85,

residential; Kappa:

road 0.74,

networks; Producer's

and accuracy

settlement >83.9%,

s), bare User's

soil accuracy

(unused >84.3%)

lands, 1997




empty (Overall
lands, Accuracy:
open 0.86,
space, Kappa:
fallow 0.77,
lands, Producer's
earth/sand accuracy >
fillings, 85.5%,
bare soil, User's
and accuracy >
others), 87%)
and water 2007
bodies (Overall
(river, Accuracy:
lakes, 0.88,
ponds, Kappa:
canals, 0.79,
low-lying Producer's
areas, accuracy >
marshy 87.7%,
lands and User's
swamps, accuracy >
etc.) 89.8%)
2017
(Overall
Accuracy:
0.95,
Kappa:
0.84,
Producer's
accuracy >
87.5%,
User's
accuracy >
95%)

[70] Himalayan ~ Supervised Forest, Pixel- Maximum Overall 2000 2000-2015  Forestin Forest decreased/ declined
subtropical Agriculture  based Likelihood accuracy,  (Overall 2000 was
pine , Shrub Algorithm User's Accuracy:8 72287.26
forests and accuracy 0.44%, haandin

Grassland, and Kappa: 2015 was
Settlement Producer's  0.7621, 45077.62
, Barren accuracy,  Producer's ha.
land, Kappa accuracy > decreased
Water and Statistics 65.31%, to

User's 45077.62




Glacier accuracy > ha
and Snow 69.14%) (27.98% of
2015 the study
(Overall area) in
Accuracy: 2015. 1t
86.24%, indicates a
Kappa: 27209.64
0.8422, ha (-
Producer's 16.88%)
accuracy loss with
>67.59%, an annual
User's deforestati
accuracy on rate of
>77.59%) 2.51%, i.e.
1814.41 ha
deforestati
on per
year
[71] Indus Unsupervis  Mangroves  Pixel- Spectral 2000 Overall L8MI_1 Nochange -
River ed , Non- based Indices accuracy, (Overall assessme
Delta- mangroves (ASST_1, User's Accuracy:9  nt, study
Arabian ASST_2, accuracy 6.9%, was done
Sea NDMI, and Kappa:0.8  only for
mangroves NDVI, RVI, Producer's 91, year 2017
EVI, CMRI, accuracy, Producer's
and SAVI) Kappa accuracy =
Coefficient  96.2%,
User's
accuracy =
86.2%)
L8MI_2
(Overall
Accuracy:
97.0%,
Kappa:
0.894,
Producer's
accuracy =
96.8%,
User's
accuracy =
86.2%)
NDMINSA
VI (Overall

Accuracy:




95.8%,
Kappa:
0.851,
Producer's
accuracy =
96.9%,
User's
accuracy =
79.8%)

[72]

Western
Himalayan
subalpine
conifer
forests

Supervised  Forest
cover,
Agriculture
land,
Shrubs/Bu
shes, Bare
soil/rocks,
Snow
cover/Glaci
ers and
Water
bodies

Pixel- Maximum
based Likelihood
Algorithm

Overall
accuracy,
User's
accuracy
and
Producer's
accuracy,
Kappa
Coefficient

1980
(Overall
Accuracy:
94.60%,
Kappa:
93.41%,
User's
accuracy >
90%)
2000
(Overall
Accuracy:
95.50%,
Kappa:
94.39%,
User's
accuracy >
90%)
2010
(Overall
Accuracy:
94.40%,
Kappa:
93.20%,
User's
accuracy >
90%)
2017
(Overall
Accuracy:
93.00%,
Kappa:
91.40 %,
User's
accuracy >
90%)

1980-
2000-
2010-2017

Forest
cover was
36,942.00
ha in 1980,
was
34631.35
ha in 2000,
was
26374.93
hain 2010
and was
19863.17
hain 2017
with a
change of -
12.23%
from 1980-
2017

Forest decreased/ declined




[35] Western Supervised  Built-up Pixel- Maximum 50 Overall 1979 1979- Forestland  Forest decreased/ declined
Himalayan area, based Likelihood accuracy,  (Overall 1989- in 1979
subalpine Agriculture Algorithm Kappa Accuracy:  1999- was 174.7
conifer , Forest, Statistics 90.5%, 2009-2019  sqkm,in
forests Water Kappa 1989 was

bodies, Stat: 0.90) 139.2 5q
Bare soil 1989 km, in
(Overall 1999 was
Accuracy: 134.8 sq
91.13%, km, in
Kappa 2009 was
Stat: 0.92) 122.7 sq
1999 kmand in
(Overall 2019 was
Accuracy: 934 sq
95.32%, km. -81.3
Kappa sq km
Stat: 0.94) overall
2009 change in
(Overall forest land
Accuracy: (1979-
94.44%, 2019)
Kappa
Stat: 0.92)
2019
(Overall
Accuracy:
95.1%,
Kappa
Stat: 0.93)

[44] Aravalli Unsupervis  Forest Pixel- Normalize - - 2018-2020 - Forest carbon stock declining
west thorn  ed (Vegetatio  based d
scrub n) Difference
forests Vegetation

Index
(NDVI) and
Enhanced
Vegetation
In-dex

(EVI)




[22] Karakoram  Supervised Rocks/barr  Object- Standard 179  Overall Overall 2016 - -
-West en land, based nearest accuracy, accuracy:
Tibetan Snow/glaci neighbor User's 92.180%,
Plateau er, accuracy Kappa
alpine Alpine/sum and Coefficient:
steppe mer Producer's  0.914,
pastures, accuracy, User's
Winter Kappa accuracy:
pastures, Coefficient  91.17%,
Dense Producer's
conifer, accuracy:
Sparse 92.70%
conifer,
Agricultural
land,
Linear/bloc
k
plantations
, Sparse
broadleave
d, Sparse
mix, Dense
mix, Dense
broadleave
d,
Settlement
S,
Rivers/Lak
es
[34] Western Supervised  Built-up Object- Not Overall Overall 1979- Forestland  Forest decreased/ declined
Himalayan area, based mentioned accuracy, classificati ~ 1989- in 1979
subalpine Agriculture Kappa on 1999- was 174.7
conifer , Forest, statistics accuracy ~ 2009-2019  sqkm, in
forests Water for all 1989 was
bodies, images 139.2sq
Bare soil was above km, in
90% and 1999 was
the Kappa 134.8 sq
statistic km, in
was also 2009 was
0.90 122.7 sq
km and in
2019 was
934 sq

km. -81.3




sq km

overall
change in
forest land
(1979-
2019)
[25] Mixed Supervised  Forest Pixel- Maximum - Overall Did not 2000- Forestland  Forest decreased/ declined
forests Land, based Likelihood accuracy, mention 2010-2020 in 2000
Built-up Algorithm User's was
Area, accuracy 5470.32 sq
Agricultural and km, in
Land, Producer's 2010 was
Water accuracy, 6845.54 sq
Bodies, Kappa km and in
Barren Coefficient 2020 was
Mountains, 3693.12 sq
Snow km. -
Cover 1777.20 sq
km (-32%)
change
was
observed.
[38] Indus Supervised Mangroves  Pixel- Machine - Overall 1990 1990- An Forest increased
River , Non- based Learning accuracy,  (Overall 1995- estimated
Delta- mangroves (Random Kappa Accuracy:  2000- 477.22
Arabian Forests) Coefficient  91.8%, 2005- km2
Sea algorithm value Kappa: 2010- mangrove
mangroves 0.892) 2015-2020 areain
1995 1990
(Overall increased
Accuracy: to 1463.59
94%, km2 in
Kappa: 2020 a
0.906) 3.74%
2000 annual rate
(Overall of change.
Accuracy:
93%,
Kappa:0.8
92)
2005
(Overall
Accuracy:
94.2%,

Kappa:




0.908)

2010
(Overall
Accuracy:
93.6%,
Kappa:
0.892)
2015
(Overall
Accuracy:
93.6%,
Kappa:
0.904)
2020
(Overall
Accuracy:
95.4%,
Kappa:
0.926)

[73] Karakoram  Supervised Barren, Pixel- Maximum 30 Overall Overall 2008- During Forest increased
-West Forest, based Likelihood accuracy Accuracy:  2009- 2008-
Tibetan Snow, Algorithm 92.3% 2010- 2017,
Plateau Urban, 2011- there was
alpine Water, 2012- a constant
steppe Wetlands, 2013- substantial

and Other 2014- increase in
LULC 2015- total forest
2016-2017  area
observed
(51.34-
55.83
km2).
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