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FOREWORD 

Reducing Emissions from deforestation, forest degradation, conservation and 

enhancement of carbon stock and sustainable forest management titled as "REDD+" has 

emerged as a key international mechanism for climate change mitigation in forestry sector. 

Under this mechanism developed countries will provide incentives to developing countries to 

contribute to mitigation actions by voluntarily undertaking activities that reduce greenhouse gas 

(GHG) emissions and that enhance carbon sinks in the forest sector. UNFCCC calls upon the 

developing countries aiming to participate in the international REDD+ mechanism to undertake 

inventories of forest carbon stocks. 

The Government of Gilgit Baltistan is actively participating in the national REDD+ 

Programme and has also initiated a REDD+ Project in 2010 with a total budget of Rs.30 million to 

achieve REDD+ readiness in Gilgit Baltistan. The project has achieved several milestones in the 

journey towards REDD+ implementation in Gilgit Baltistan which include formulation of Forest 

Policy and Laws, development of local volume tables, biomass tables, allometric models, 

establishment of GIS lab and capacity building of the officers and staff of Forest Department and 

local communities.  

¢ƘŜ ŎǳǊǊŜƴǘ ǊŜǇƻǊǘ ƻƴ άForest Carbon LƴǾŜƴǘƻǊȅ ƻŦ DƛƭƎƛǘ .ŀƭǘƛǎǘŀƴέ ƛǎ ǘƘŜ Ŧƛƴŀƭ ƻǳǘŎƻƳŜ ƻŦ 

two years hard work of data collection in the field. This document provides comprehensive 

information on carbon estimates in different forest types and strata of Gilgit Baltistan. It also 

provides district-wise data on land use, forest cover and carbon stock in GB. These information 

are vital for implementation of REDD+ programme in the region.  

The REDD+ Focal Person for GB and his team deserve appreciation for their hard work, dedication 

and professional excellence in preparation of this document.  

 
 
 
 

Sajjad Haider 
Secretary to Government of Gilgit Baltistan 
Forests, Wildlife & Environment Department 
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A terrestrial carbon inventory was conducted by the GB REDD+ Program during 2015-

2016 to estimate carbon stock in the forests of Gilgit Baltistan. Forest area of the region was 

determined and mapped through object based image analysis (OBIA) of Sentinel-2 satellite 

imageries of 2016. The forest cover was classified into six forest strata on the basis of crown 

density and species composition to obtain more homogenous units for field inventory. These 

strata include dense conifers, dense mixed, dense broad-leaved, sparse conifers, sparse mixed 

and sparse broad-leaved forests. The total forest area of Gilgit Baltistan was estimated at 249,205 

ha which make up 3.57% of the total area of the region. Diamer has the highest forest cover 

(71%) followed by Astore (12%) and Gilgit (10%). These three districts together contain 93% of 

the total forest area of Gilgit Baltistan. 

Carbon stocks in different forest areas and strata were determined through a terrestrial 

carbon inventory. For this purpose data was collected from 537 sample plots each having area of 

0.1 ha, laid out in different forest areas through a stratified random sampling design. 

It was found that about 51 % (126,927 ha) of the forests are dense forests which have 

canopy cover of more than 35%. On the other hand about 49% (122,277 ha) are sparse forests 

which have crown density of less than 35%. The highest amount of forest cover falls under the 

dense coniferous class (43%) followed by sparse conifers (34%) and sparse broad-leaved forest 

(11%). The remaining forest cover consists of dense mix, dense broad-leaved and sparse mixed 

forests each having 4% cover. 

The tree species sampled predominantly consisted of conifers (78%) with few 

broadleaved species (22%). Deodar (Cedrus deodara) is the dominant specie (23%) followed by 

Kail (Pinus wallichiana) with 22% and Spruce (Picea smithiana) with 20% share in the total 

growing stock. Fir (Abies pindrow) has 7% share in the total trees. Thus, 72% of the total growing 

stock consists of these four species. Juniper and Chilghoza have small proportions in total number 

of trees with 2.34% and 2.84% shares, respectively. Oak (Quercus spp.) is the dominant broad-

leaved species recorded during the inventory with 15.31% followed by Betula utilis (Birch) with 

6.98% contribution in the total trees. Taxus wallichiana (Yew) has only 0.21% share in the total 

trees sampled during the inventory.  
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The average stocking/density was estimated at 244 trees per ha. In dense and sparse 

forests, the average number of trees per ha were estimated at 356 and 111 respectively. Highest 

number of trees per unit area was found in Dense Pure Broad-Leaved Forest i.e. 660 trees/ha, 

followed by Dense Mixed forests with 405 trees/ha. Similarly dense coniferous forests have 

density of 332 trees/ha. On the other hand, Sparse Broad-leaved forests have 190 trees/ha, 

followed by sparse mixed forests 140 trees/ha and sparse conifers have 89 trees/ha. 

The results of the inventory indicate that the forests of Gilgit Baltistan are mostly young. 

About 65% of the trees fall in immature class followed by sub-mature with 27.5% sample trees. 

Thus about 93% of the trees are young and only 7 % of the sample trees are mature. Higher 

numbers of trees in the younger classes have very high potential for carbon sequestration as 

growth rate is generally fast in these stages and they can sequester a large amount of carbon 

dioxide from the atmosphere. Thus, the forests of Gilgit Baltistan have high potential for REDD+. 

The total carbon stock in aboveground and belowground biomass in the forests of Gilgit-

Baltistan was estimated at 16.95 million ton. It was found that 80% of the carbon stock is in 

aboveground and 20% is in belowground pool. The highest amount of carbon stock is present in 

Dense Conifers (70%) followed by Sparse Conifers (14%). Dense Mixed forests have 5% share in 

the total carbon stock. Dense Broad-leaved and Sparse Broad-leaved forests have almost equal 

share in the total carbon stock i.e. 4.37% and 4.55% respectively. Similarly, sparse mixed forests 

have 2.09% share in the total carbon stock in the area. 

The above ground carbon stock in the forests of Gilgit Baltistan was estimated at 

13,590,410 ton. Weighted mean carbon stock was calculated at 54.53 ± 3.80 t/ha and weighted 

average sample error was determined as 6.97% (95% confidence interval). 

It was found that 84% of the total aboveground carbon is present in dense forests 

whereas only 16% carbon is present in sparse forests. In dense forest, the above ground carbon 

stock was calculated at 87.43 t/ha ranging from 1.129 t/ha to 333.493 t/ha. On the other hand, 

in sparse forests, the aboveground carbon stock was 20.75 t/ha ranging from 0.069 t/ha to 

155.165 t/ha. The highest carbon stock was found in dense coniferous forests as 91.65 t/ha, 

followed by dense broad-leaved as 60.78 t/ha and dense mixed as 25.77 t/ha. Similarly, in sparse 
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conifers, sparse broad-leaved and sparse mixed forests, the aboveground carbon stocks were 

20.00 t/ha, 18.74 and 25.77 t/ha respectively. It was estimated that the forests of Gilgit-Baltistan 

can sequester 1,283,406 tonne CO2 per year. 
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1. INTRODUCTION 

Climate Change is the most serious and complex environmental problem of the modern 

era arising due to increasing concentrations of atmospheric carbon dioxide (CO2) and other 

Greenhouse Gases. Forests act as carbon storehouses and play an important role in influencing 

our climate. When forests are cleared, they release carbon and act as a source of carbon 

emissions. When they are restored, they sequester carbon and become a sink of carbon. The use 

of forests can therefore add to the problem of climate change, but it can also be a tool for climate 

change mitigation. 

Realizing the importance of forests in climate change mitigation, negotiations under the 

United Nations Framework Convention on Climate Change (UNFCCC) have been considering 

different options to include forestry in the global climate change agenda. Reducing emissions 

from deforestation, forest degradation, sustainable forest management, conservation and 

enhancement of forest carbon stocks known as REDD+ has emerged as a promising option for 

forest-based climate change mitigation in developing countries. Under the REDD+ programme, 

developed countries will provide incentives to the developing countries to keep their forests 

standing and thus help in reducing GHG emissions. UNFCCC calls upon the developing countries 

aiming to participate in the international REDD+ mechanism to develop a REDD+ Strategy, a 

Safeguards Information System, a Forest Monitoring System and Forest Reference Emission 

Level/ Forest Reference Level.  

 Pakistan being a signatory of the UNFCCC and the latest Paris Agreement has been 

contributing in the global efforts to mitigate climate change. In order to benefit from the 

international REDD+ mechanism, the government of Pakistan started REDD+ programme at 

national level. Similarly, provincial governments particularly Khyber Pakhtunkhwa and Gilgit 

Baltistan also initiated subnational projects to achieve REDD+ readiness in their respective 

provinces.  
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Gilgit-Baltistan is situated in the extreme north of Pakistan, bordering China and 

!ŦƎƘŀƴƛǎǘŀƴ ƛƴ ǘƘŜ ƴƻǊǘƘ όорɕ-отΩύ ŀƴŘ LƴŘƛŀ ƛƴ ǘƘŜ Ŝŀǎǘ όтнɕ-трΩύΣ ŎƻǾŜǊƛƴƎ ŀƴ ŀǊŜŀ ƻŦ 69685.6 

square kilometers. The whole area falls within the high mountain ranges of Karakorum, 

Himalayas, Hindukush and Pamir with most of the area situated above 3,000 meters above sea 

level (Govt. of Pakistan, 2003). 

Climatic conditions vary widely in the Gilgit-Baltistan, ranging from the monsoon-

influenced moist temperate zone in the western Himalaya, to the arid and semi-arid cold desert 

in the northern Karakoram and Hindu Kush. Below 3,000 m, precipitation is minimal, rarely 

exceeding 200 mm annually. However, there is a strong gradient with altitude, and at 6,000 m, 

the equivalent of 2,000 mm per year falls as snow. Temperatures in the valley bottoms can vary 

from extremes of 40°C in summer to less than ς10°C in winter (Govt. of Pakistan, 2003). The total 

forest area of Gilgit Baltistan is 249205 ha. Ecologically most of the forest areas can be classified 

as dry temperate where Cedrus deodara (Deodar) is the dominant species with Pinus wallichiana 

(Kail), Abies pindrow (Fir), Picea smithiana (Spruce), Pinus gerardiana (Chilghoza) and Quercus 

ilex (Oak) as the key associates (Akbar et al., 2011). 

Most of the area of Gilgit Baltistan consists of rugged mountains, the higher elevations 

remaining snow covered throughout the year. This area hosts several highest peaks in the world 

including K2 and Nanga Parbat. Due to the presence of invaluable glaciers, these mountains are 

important source of water for downstream plains of Pakistan. The mountains provide 

opportunity for climbing, trekking and hiking besides being home to forests and important 

habitats of high altitude plants and animals. The natural forests of Gilgit Baltistan are an 

important source of softwood timber for the country. Locally, they provide timber; firewood; 

torch wood; grazing; medicinal plants and other non-timber forest products (NTFP) .They have 

great potential for countryside recreation and eco-tourism.  

The emergence of REDD+ as a promising option for climate change mitigation, has added 

a new dimension to the importance of forests. Under this mechanism, developing countries will 

be rewarded for keeping their forests standing for carbon sequestration. In order to benefit from 

REDD+, the Government of Gilgit Baltistan initiated a project for REDD+ Preparation in Gilgit 

Baltistan in 2013.  
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The Gilgit Baltistan REDD+ Project undertook this study to measure carbon stock in the 

aboveground biomass of the forest ecosystem through a combination of terrestrial forest 

inventory and satellite data based forest cover mapping. The main objective of this study was to 

quantify carbon stock in the aboveground biomass of the forest of Gilgit Baltistan. Determination 

of forest area, its stratification, mapping and determination of carbon sequestration potential 

were also some of the objectives of the study.  This study covers the measurement component 

of Monitoring, Reporting and Verification (MRV) system. The study also yields local emission 

factors for forestry sector of Gilgit Baltistan which can be used to estimate GHG inventory for the 

area. 
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2. Methodology 
 

Forest carbon inventory was conducted through the GB REDD+ Programme during 2015-

16. The inventory estimated forest area under different forest types and strata and the carbon 

density in each strata to assess current carbon stock in the forest. Forest area was determined 

through remote sensing and GIS and the carbon density was determined through field 

measurement. In order to achieve tier 3 level carbon estimates for aboveground carbon in the 

forests of Gilgit- Baltistan, local allometric equations, biomass expansion factors and basic wood 

densities were determined through destructive sampling. The detail of methods employed for 

these operation are given in the following sections. 

 

2.1 Forest Cover Classification and Mapping 

Forest carbon stock assessment requires data on forest cover and carbon density of a 

given area. It is, therefore, essential to accurately determine the area and map the boundary of 

a forest area for carbon accounting. Satellite data provides an excellent source of information 

about different features of a large area at different temporal scales. Satellite Land Monitoring 

System (SLMS) is considered as the major component of REDD+ activities. Sentinel-2 satellite 

imageries of 2016 developed by European Space Agency were used in the current study. This 

satellite system provides the spatial information by using 13 spectral bands (10 m. Spatial 

Resolution and vegetation red edge spectral bands) for forestry and other land use practices.  
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Figure 1. Landuse Map of Gilgit Baltistan 
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2.1.1 Data Acquisition and Preparation 

The Sentinel-2 satellite system assigns the grid codes to their users to identify their area 

of interest. The Sentinel-2 grid codes to cover the entire Gilgit-Baltistan are; 43SBA to 43SEA, 

43SBU to 43 SFV, 43SCU to 43 SFU & 43SDB.  

 

 

Satellite data was acquired in the form of scenes/ tiles & processed using image processing tools 

in ArcGIS. Scenes of the same band were ǎǘƛǘŎƘŜŘ ōȅ ǳǎƛƴƎ ΨƳƻǎŀƛŎΩ ǘƻƻƭ ǘƻ ƳŀƪŜ ŀ ǎƛƴƎƭŜ ōŀƴŘ 

for the whole area of interest. The satellite image/ scenes of summer season having less than 

10% of snow/ clouds cover were used in this study. 
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All single bands were ǘƘŜƴ ƳŜǊƎŜŘ ǳǎƛƴƎ ΨōŀƴŘ ŎƻƳǇƻǎƛǘŜΩ ǘƻƻƭ ǘƻ ƳŀƪŜ Ƴǳƭǘƛ-band/ multi-

resolution image. 

 

 

 

 

 

 

The extraction of area of interest (Gilgit-Baltistan) out of mosaicked image was carried out by 

ǳǎƛƴƎ ΨŜȄǘǊŀŎǘ ōȅ ƳŀǎƪΩ ǘƻƻƭ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ōƻǳƴdary and enhanced the image 

using image enhancement tools in ArcGIS. 

 

 


