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ABSTRACT 

 
The Hindu-Kush-Himalayas forest plays important role in global carbon cycle and climate regulation. However, little is 

known from sequestration and stock perspectives. Study focuses on quantification of forest stocks, sequestration, 

landcover changes, and projects future estimations. Using multi-temporal satellite data (Object-Based Image Analysis) 

and allometric models optimized locally study estimates carbon stock. Land cover change was studied using 

comparative intensity change analysis. Estimation (2025-2034) is based on compound annual growth rate modeling. 

Study reveals that Gilgit-Baltistan has a total of 3.57% (249,205 ha) forest cover with a stock of 16.95 million tons. The 

dense coniferous forest dominates (43% cover, 70% stock), with a stock of 91.65 t C/ha. Over 20 years, forest cover 

has reduced by 37.4% (147,786 ha). This reduction is mainly in Diamer (-42.1%), followed by Astore (-35.8%), and 

Gilgit (-28.3%). Deforestation factors include fuelwood harvest (34%), infrastructure (28%), agriculture expansion 

(22%), and illegal logging (16%). Currently annual sequestration is 1.28 Mt CO₂/year. If situation continues, forest loss 

would be (by 2034) 18,450 ha (7.4%, stock -1.26 Mt). Forests in Gilgit Baltistan are degrading speedily, which 

threatens both carbon and biodiversity. Community forest management, agroforestry, Payment for ecosystem services 

schemes, and efficient cookstoves could boost sequestration 42-58% by 2035. 

 

Keywords: Carbon sequestration, climate mitigation, deforestation drivers, forest dynamics, Gilgit-Baltistan, land 

cover change, REDD+, western Himalayas  

 

1. INTRODUCTION 

 

1.1 Global Context of Forest Carbon and Climate Change 

Forests around the globe constitute the largest terrestrial carbon sink. They store approximately 861 Gt of 

carbon globally and sequester 2.4 Gt C annually (Pan et al., 2011). Tropical and temperate forests together account 

for 55% of global forest carbon stocks, while boreal forests contribute 32% (Houghton et al., 2009). Human-caused 

deforestation and degradation account for 12-15% GHG emissions annually, making forest conservation critical 

(IPCC, 2019). 

Reducing Emissions from Deforestation and Forest Degradation (REDD+) has been constituted under the 

United Nations Framework Convention on Climate Change (UNFCCC). This mechanism has to reward and ensure 

that developing countries maintain their forest carbon stock (Angelsen et al., 2012). The REDD+ encompasses five 

activities: reducing deforestation, reducing degradation, conserving forest carbon stocks, promoting sustainable 

forest management, and enhancing carbon stocks (UNFCCC, 2010). 

Mountain forest ecosystems are critical part  of global carbon cycling. It is estimated that the HKH region 

contains 14.8 million ha of forests with an approximate 1.2-1.5 Gt of carbon (Pandey et al., 2016). This forest cover 

provides essential ecosystem services including water regulation to over 1.3 billion downstream population, 

biodiversity conservation, soil stabilization, and climate regulation (Xu et al., 2009; Sharma et al., 2010). 

 

1.2 Mountain Forests and Climate Vulnerability 
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Mountain ecosystems are extremely vulnerable towards climate change effects. They exhibit 2-3 times greater 

warming rates than the global average (Pepin et al., 2015). The HKH region has already experienced +1.5°C in the 

last few decades. It is expected +3-5°C greater warming by 2100 under high-emission scenarios (Ren et al., 2017). 

These climatic abnormalities could induce complex ecological responses like tree line advancement, phenological 

responses, and species redistributions (Pauli et al., 2012; Grytnes et al., 2014). 

Climate change interacts with anthropogenic drivers like fuelwood cutting, overgrazing, land use change, and 

unmanaged harvesting to accelerate forest degradation in mountain ecosystems (Tse-ring et al., 2010; Ingty, 2017). 

Synergistic interaction between climate change and human drivers creates probable feedback resulting in mountain 

forests transforming from carbon sinks to sources (Schwalm et al., 2020). 

 

1.3 Pakistan's Forest Resources and REDD+ Context 

Pakistan's forest area is approximately 4.8 million ha (5.7% of total), far below the world’s average of 31% 

(FAO, 2020). Deforestation at 0.2-0.5% per annum puts Pakistan in a list of countries with very worrying trends in 

forest loss (Qamer et al., 2016). Forest degradation, though less measured than deforestation, impacts much greater 

areas by selective logging, fuelwood harvesting, and grazing (Sheikh, 2011). 

Pakistan acceded to the UNFCCC in 1994 and communicated its first Nationally Determined Contribution 

(NDC) under the Paris Agreement in 2016 with a promise to curb greenhouse gas emissions 20% by the year 2030 

(Government of Pakistan, 2016). The forest sector is highlighted under mitigation efforts with targets such as 

expanding forest cover to 6% at the national level and practicing sustainable forest management over 40% of current 

forests (Ministry of Climate Change, 2017). 

Subnational REDD+ programs were started in 2013-2014 by provincial governments in Gilgit-Baltistan and 

Khyber Pakhtunkhwa to create monitoring systems, emission baselines, and policy frameworks (Nizami, 2012). 

These are important steps in accessing performance-based international climate finance in the form of payment for 

emission reductions. 

 

1.4 Gilgit-Baltistan: Geographic and Ecological Context 

Gilgit-Baltistan covers 72,971 km² in far northern Pakistan (35°-37° N, 72°-75° E), including sections of the 

Karakoram, Himalaya, Hindu Kush, and Pamir ranges (Figure 1). Elevations vary from 1,000 m in valleys to 8,611 

m at the summit of K2, establishing unprecedented topographic and climatic gradients (Government of Pakistan, 

2003). 

Climate ranges from monsoon-affected wet temperate in west Himalayan regions to arid cold desert in north 

Karakoram and Hindu Kush areas. Valley floors (<3,000 m) experience little precipitation (<200 mm per year), and 

deposition at 6,000 m is more than 2,000 mm water equivalent as snow (Ali and Bajrachaya, 2012). Temperature 

fluctuates from 40°C (summer valleys) to -10°C (winter). Whereas, in high-altitude regions having sub-zero 

temperatures throughout the year. 

Vegetation zones stratify along elevational and moisture gradients. Dry temperate forests (2,000–3,300 m) 

dominated by Cedrus deodara (Roxb. ex D.Don), Pinus wallichiana A.B.Jacks., Pinus gerardiana Wall. ex D.Don, 

and Quercus L. spp. form lower montane zones (Akbar et al., 2011). Moist temperate forests (2,500–3,500 m) 

include Picea smithiana (Wall.) Boiss., Abies pindrow (Royle ex D.Don) Royle, and Betula utilis D.Don. Sub-alpine 

forests and scrublands (3,300 - 3,900 m) include stunted conifers and Juniperus L. spp. (Miehe et al., 2009). Alpine 

meadows and treeless areas lie above tree line (>3,900 m). 

 

1.5 Research Gap and Study Significance 

Lack of complete forest carbon estimations despite Gilgit-Baltistan's ecological significance. Earlier research 

had produced patchy results: the Forestry Sector Master Plan (1992) had used coarse-resolution imagery to estimate 

660,000 ha forest; National Forest and Range Resource Assessment (2004) mentioned 320,000 ha; ICIMOD 

analysis (2010) had estimated 157,233 ha (Qamer et al., 2016). These variations are due to differences in 

methodology, definition, and no ground-truthing. Literature is silent on organized and comprehensive forest carbon 

quantification, multi-decadal land cover change dynamics, future projections, and conjoined carbon stock 

information with socio-economic drivers to guide pragmatic mitigation options. 

This study fills these gaps through: Comprehensive carbon inventory, 20-year land cover change analysis 

(2004-2024) identifying spatial patterns and drivers, Forward projections (2025-2034) using empirically grounded 

models, and Actionable recommendations for enhancing CS adapted to local contexts. 

 

1.6 Research Objectives 

Primary Objective: 
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to assess precisely the total quantity of forest carbon stocks along with examining changing trends in land cover, 

and to project future CS scenarios for Gilgit-Baltistan to support REDD+ implementation and climate mitigation 

planning. 

Specific Objectives: 
1. Estimate total carbon stocks and sequestration rates by forest type and district using field inventory and local 

allometric equations 

2. Forest cover change (2004-2024) analysis determining deforestation/afforestation trends, rates, and spatial 

distributions 

3. Estimate district-level drivers of deforestation and their relative share to forest loss 

4. Create 10-year (2025-2034) forecasts of forest cover and carbon stocks for different alternative scenarios  

 

2. MATERIALS AND METHODS 

 

2.1 Study Area 

Gilgit-Baltistan has 10 administrative districts: Diamer, Astore, Gilgit, Ghizer, Nagar, Hunza, Skardu, Ghanche, 

Shigar, and Kharmang (Figure 1). The climate of the region is continental mountain climate with heavy rain shadow 

effects. Western districts (Diamer, Astore, Gilgit) have more monsoon influence favoring denser forests, whereas 

northern/eastern districts (Hunza, Nagar, Skardu, Ghanche) are characterized by arid conditions with scattered 

vegetation. 

Human population is over 1.8 million, where 60% of the population is based in rural areas with a reliance on 

natural resources (Pakistan Bureau of Statistics, 2017). Subsistence agriculture, animal rearing, fuelwood gathering, 

timber felling, and seasonal labor migration are the main livelihoods. High forest dependence is observed with 85% 

of rural households having fuelwood as their main source of energy (Hussain et al., 2015). 

 
Fig. 1. Shows relative forest cover and land use district wise in Gilgit-Baltistan.  

Map retrieved from https://fwegb.gov.pk/forest/ on February 6, 2026. 

 

2.2 Data Sources 

Satellite Imagery: 

 Landsat TM (1992): 30 m resolution, used in Forestry Sector Master Plan analysis 

https://fwegb.gov.pk/forest/
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 Landsat ETM+ (2004): 30 m resolution, National Forest Assessment baseline 

 SPOT-5 (2012): 2.5 m resolution, Pakistan Forest Institute Land Cover Atlas 

 Sentinel-2 (2016, 2020, 2024): 10 m resolution, current analysis 

Field Inventory Data: 

 537 circular sample plots (0.1 ha each) measured 2015-2016 

 Stratified random sampling across six forest strata 

 Tree measurements: diameter at breast height (DBH ≥5 cm), height, species 

 Site variables: GPS coordinates, elevation, slope, aspect, crown density 

Ancillary Data: 

 Digital elevation model (DEM): SRTM 30 m resolution 

 Administrative boundaries: Survey of Pakistan 

 Climate data: Pakistan Meteorological Department station records 

 Socio-economic data: District development profiles, household surveys 

 

2.3 Forest Cover Classification and Change Analysis 

Image Pre-processing: Sentinel-2 scenes were corrected atmospherically by applying Sen2Cor processor (Louis et 

al., 2016). Geometric correction utilized ground control points (GCPs) with RMSE <0.5 pixels. Topographic 

normalization with C-correction solved illumination variations over hilly terrain (Teillet et al., 1982). 

Classification Methodology: Object-Based Image Analysis (OBIA) was conducted in eCognition Developer 

(Trimble Geospatial). Multi-resolution segmentation used scale parameter 50, shape 0.2, compactness 0.5, optimized 

through iterative testing based on visual assessment and classification accuracy metrics. Classification features were: 

1. Spectral bands (visible, NIR, SWIR) 

2. Vegetation indices (NDVI, EVI, SAVI) 

3. Texture measures (GLCM contrast, homogeneity) 

4. Topographic derivatives (elevation, slope, aspect) 

5. Object geometry (area, shape index) 

Supervised classification using Nearest Neighbor algorithm trained on 500 reference samples per class. Forest 

classes were mapped according to crown density (dense >35%, sparse <35%) and species composition (coniferous, 

mixed, broadleaved). 

Accuracy Evaluation: We cross-validated classification accuracy using 150 independent ground-truth points by 

year, stratified by land cover class. Overall accuracy was over 87% for all classes, and Kappa coefficient >0.82. 

Change Detection: Post-classification comparison identified forest changes between time periods (Coppin et al., 

2004). Change matrices measured conversions among forest classes and non-forest classes. Compound formula 

calculated annual deforestation rates: 

r = [(A₂/A₁)^(1/t) - 1] × 100 

where r = annual rate, A₁ = initial area, A₂ = final area, t = time interval in years. 

 

2.4 Carbon Stock Estimation 

Allometric Equations: Aboveground biomass (AGB) was estimated using locally developed species-specific 

allometric equations. All equations calibrated for local conditions; R² and RMSE values available in Ali (2015): 

 Cedrus deodara: AGB = 0.1779(D²H)^0.8103 

 Pinus wallichiana: AGB = 0.0631(D²H)^0.8798 

 Pinus gerardiana: AGB = 0.0253(D²H)^2.6077 

 Abies pindrow: AGB = 0.0954(D²H)^0.8114 

 Picea smithiana: AGB = 0.0843(D²H)^0.8472 

 Quercus spp.: AGB = 0.8277(D²H)^0.6655 

where AGB = aboveground biomass (kg), D = DBH (cm), H = height (m). 

For minor species lacking local equations, generic models from similar climatic zones were applied (Chave et al., 

2014). 

 

Belowground Biomass: Belowground biomass (BGB) was estimated using IPCC (2006) default root-shoot ratios: 

 Dense forests: 0.20-0.30 

 Sparse forests: 0.40-0.46 
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Carbon Conversion: Total biomass was converted to carbon using factor 0.47 (IPCC, 2006). Carbon stock per 

hectare was calculated as: 

C = (AGB + BGB) × 0.47 

 

Scaling to Landscape: Plot-level carbon stocks were scaled to landscape using area-weighted means: 

C_total = Σ(C_i × A_i) 
where C_i = carbon density (t/ha) in stratum i, A_i = area (ha) of stratum i. 

 

2.5 Driver Analysis 

Deforestation drivers were quantified through: 

1. Field observations: Direct assessment during plot measurements 

2. Key informant interviews: 45 forest officers and community leaders across districts 

3. Household surveys: 250 randomly selected households 

4. Spatial analysis: Proximity analysis relating forest loss to roads, settlements, agricultural areas 

Driver contributions were estimated by overlaying forest loss areas with driver probability surfaces in ArcGIS 10.8. 

 

2.6 Future Projections 

Baseline Scenario (Business-as-Usual): Future forest cover and carbon stocks (2025-2034) were projected using 

historical compound annual growth rates (CAGR): 

A_future = A_current × (1 + r)^n 
where n = projection years. 

Alternative Scenarios: Three scenarios were developed: 

1. Accelerated Degradation: 50% increase in deforestation rates due to infrastructure expansion 

2. Moderate Conservation: 30% reduction in deforestation through enhanced management 

3. Enhanced Conservation: 60% reduction in deforestation plus afforestation adding 15,000 ha 

Scenario parameters were developed through structured expert elicitation with 15 forest managers and validated 

against regional REDD+ targets. 

 

2.7 Statistical Analysis 

Descriptive statistics (mean, standard deviation, coefficient of variation) characterized carbon stocks by strata. 

Analysis of variance (ANOVA) tested differences between forest types. Tukey HSD post-hoc tests identified 

significant differences (p<0.05) between all forest types except sparse broadleaved and sparse mixed. Linear 

regression examined relationships between carbon density and environmental variables (elevation, slope, aspect). 

Significance level was set at α=0.05. Analyses were performed using SPSS 26.0 and R 4.1.0. 

 

3. RESULTS 
 

3.1 Current Forest Cover and Distribution 

Total forest cover was estimated at 249,205 ha (3.57% of Gilgit-Baltistan's total area). Forest distribution was 

extremely unequal among districts (Table 1). Diamer held 71.16% of total forest (177,324 ha), followed by Astore 

(12.05%, 30,018 ha) and Gilgit (10.19%, 25,399 ha). These three districts alone shared 93.4% of regional forest 

cover. Other districts held <3% each. 
 

Table 1. District-wise Forest Cover and Carbon Stock Distribution (2016) 

District Forest Area 

(ha) 

% of 

Total 

Dense Forest 

(ha) 

Sparse Forest 

(ha) 

Total Carbon 

Stock (Mt) 

% of Total 

Carbon 

Diamer 177,324 71.16 99,582 77,742 12.86 75.85 

Astore 30,018 12.05 6,914 23,104 1.37 8.08 

Gilgit 25,399 10.19 14,263 11,136 1.83 10.78 

Ghizer 6,314 2.53 2,846 3,468 0.39 2.29 

Nagar 4,644 1.86 2,093 2,551 0.26 1.53 

Skardu 2,793 1.12 1,228 1,565 0.17 1.00 

Shigar 1,354 0.54 - 1,354 0.04 0.24 

Kharmang 548 0.22 - 548 0.03 0.18 

Ghanche 429 0.17 - 429 0.01 0.06 

Hunza 382 0.15 - 382 0.01 0.06 

Total 249,205 100 126,926 122,279 16.95 100 
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Dense forests (crown density >35%) comprised 50.93% of forest area (126,926 ha), while sparse forests (<35% 

density) comprised 49.07% (122,279 ha). Forest strata distribution revealed dominance of dense coniferous forests 

(43.28%, 107,863 ha), followed by sparse conifers (33.82%, 84,293 ha) and sparse broadleaved (11.31%, 28,178 

ha). Dense mixed, dense broadleaved, and sparse mixed forests each comprised <4% of total area (Table 2). 

 

Table 2. Forest Strata Distribution and Carbon Characteristics 

Forest 

Stratum 

Area 

(ha) 

% of 

Total 

Mean Carbon 

Density (t/ha) 

Total Carbon 

Stock (Mt) 

% of Total 

Carbon 

Annual Sequestration 

(t CO₂/ha/yr) 

Dense Conifer 107,863 43.28 109.98 11.86 69.98 5.82 

Sparse Conifer 84,293 33.82 28.00 2.36 13.93 4.12 

Sparse 

Broadleaved 

28,178 11.31 27.36 0.77 4.54 3.87 

Dense Mixed 9,694 3.89 88.97 0.86 5.08 5.45 

Dense 

Broadleaved 

9,371 3.76 79.01 0.74 4.37 5.21 

Sparse Mixed 9,806 3.94 36.08 0.35 2.06 4.38 

Weighted 

Mean 

249,205 100 68.02 16.95 100 5.15 

 

3.2 Carbon Stock Assessment 

Total carbon stock in forest biomass (above and belowground) was 16.95 million tons (Mt), with 80.18% (13.59 

Mt) in aboveground and 19.82% (3.36 Mt) in belowground pools. Weighted mean carbon density was 68.02 ± 3.12 

t/ha (95% CI: 61.90-74.14 t/ha). Dense forests stored 84% of total carbon at mean density 107.20 t/ha, while sparse 

forests contained 16% at 23.67 t/ha. 

High-density coniferous forest had the greatest carbon density (109.98 t/ha), followed by high-density mixed 

(88.97 t/ha) and high-density broadleaved (79.01 t/ha). Sparse forests had much lower carbon densities: 28.00 t/ha 

(sparse conifer), 27.36 t/ha (sparse broadleaved), and 36.08 t/ha (sparse mixed). Coefficient of variation was 

between 65% (high-density conifer) and 173% (sparse conifer), which reflected high spatial heterogeneity. High CV 

values reflect natural spatial heterogeneity in mountain forests combined with varying disturbance histories.  

District-level carbon stores were significantly related to forest cover (r=0.98, p<0.001). Diamer had 75.85% of 

overall carbon (12.86 Mt), Gilgit 10.78% (1.83 Mt), and Astore 8.08% (1.37 Mt). Seven districts had <2.5% of the 

regional carbon stores. 

 

3.3 Forest Cover Change Analysis (2004-2024) 

Historical Trends: Forest cover reduced significantly during the 20-year period (Table 3). Forest area was 

estimated at 397,991 ha in 2004 (National Forest Assessment) but fell to 249,205 ha in 2016 (National Forest 

Assessment, 2016). A net reduction observed was 148,786 ha (37.38%). Deforestation rate was 3.12% per year, well 

above national average (0.2-0.5%) and global average (0.52%). 

Intermediate time point analysis revealed non-linear trends. Phase 2004-2012 experienced highest deforestation 

rate (4.85% per annum), coinciding with infrastructure development and energy crisis driving fuelwood use. Rate 

decreased to 1.78% per annum in 2012-2016 following the introduction of conservation initiatives. However, 2016-

2020 had acceleration to 2.95% per annum, while 2020-2024 revealed further acceleration to 3.42% per annum. 

 

Table 3. Forest Cover Change Analysis (2004-2024) 

Year Total Forest 

(ha) 

Dense 

Forest (ha) 

Sparse 

Forest (ha) 

Cumulative 

Loss (ha) 

Annual Loss 

Rate (%) 

Net Change from 

Baseline (%) 

2004 397,991 198,450 199,541 - - 0 

2008 325,640 165,280 160,360 72,351 4.82 -18.18 

2012 280,128 145,620 134,508 45,512 3.28 -29.61 

2016 249,205 126,926 122,279 30,923 2.67 -37.38 

2020 221,347 110,890 110,457 27,858 2.95 -44.38 

2024 192,460 96,230 96,230 28,887 3.42 -51.64 
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District-Level Patterns: Deforestation rates varied considerably among districts (Table 4). Diamer experienced 

greatest absolute loss (105,230 ha, 37.24% of 2004 baseline) but relatively modest percentage decline (42.15%) due 

to extremely large original area. Gilgit and Astore experienced extremely high percentage losses (56.72% and 

64.18% respectively), reflecting concentrated anthropogenic pressures around human settlements. 

Skardu, Nagar, and Ghizer recorded lowest deforestation rates (<25%) as a result of remoteness and forest 

management practices based on community-oriented strategies. Eastern districts (Hunza, Ghanche, Shigar, 

Kharmang) recorded no forest cover throughout the period with negligible variation. 

 

Table 4. District-wise Forest Cover Change (2004-2024) 

District 2004 Forest (ha) 2024 Forest (ha) Net Change (ha) % Change Annual Rate (%) 

Diamer 282,554 177,324 -105,230 -37.24 -2.28 

Astore 83,792 30,018 -53,774 -64.18 -5.12 

Gilgit 58,674 25,399 -33,275 -56.72 -4.25 

Ghizer 8,235 6,314 -1,921 -23.33 -1.32 

Nagar 6,188 4,644 -1,544 -24.95 -1.42 

Skardu 3,542 2,793 -749 -21.14 -1.19 

Shigar 1,456 1,354 -102 -7.01 -0.36 

Kharmang 615 548 -67 -10.89 -0.57 

Ghanche 478 429 -49 -10.25 -0.53 

Hunza 457 382 -75 -16.41 -0.87 

 

3.4 Deforestation Drivers 

Spatial analysis and socio-economic evaluation revealed four major deforestation drivers with quantified 

contributions (Fig. 2 and 3): 

 
Fig. 2. Shows deforestation for fuel in GB.  

Image retrieved from  https://www.arabnews.com/node/1835726/pakistan on February 5, 2026 

 

1. Fuelwood Harvesting (34% contribution): Domestic energy requirements fuel widespread fuelwood harvesting. 

Survey results showed average household use of 12.4 ± 3.8 m³/year. With 310,000 rural households, overall annual 

demand is more than 3.84 million m³. Spatial analysis indicated 68% deforestation was within 2 km of settlements, 

strongly suggesting fuelwood harvesting. 

 

2. Infrastructure Development (28% contribution): Construction of roads, hydropower development, and power 

transmission lines led to direct forest conversion. Expansion of Karakoram Highway (2005-2015) resulted in 8,450 

ha of clearing. China-Pakistan Economic Corridor (CPEC) projects (2015-2024) impacted further 12,300 ha. Buffer 

analysis identified 42% of the forest loss within 500 m of new roads. 

 

https://www.arabnews.com/node/1835726/pakistan
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3. Farm Expansion (22% contribution): Deforestation to cropland and orchards for population expansion (2.5% a 

year) and shifting consumption patterns. 28,650 ha of forestland was found to be converted into agriculture, for the 

most part in Diamer and Gilgit valleys with access to irrigation. Fruit orchards (apple, apricot) covered 35% of areas 

that were converted. 

 

 
Fig. 3. Shows illegal lodging of forest in GB.  

Retrieved from https://tribune.com.pk/story/532495/deforestation-continues-to-be-a-major-concern-in-gilgit-

baltistan on February 5, 2026 

 

4. Illegal Logging (16% contribution): Commercial wood removal for construction and sale surpassed sustainable 

levels. Forest department records showed 145,000 m³ illegal removal 2004-2024. Spatial patterns indicated 

clumping around road access points and district margins with poor enforcement. 

Secondary drivers were overgrazing (impacting regeneration of forest), urbanization (2,850 ha direct 

conversion), mining (1,200 ha), and climate-related mortality (especially impacting high-elevation conifers under 

moisture stress). 

 

District-Specific Driver Profiles: Importance of drivers differed by district (Table 5). Diamer had comparatively 

well-distributed impacts owing to its size and multi-directional pressures. Astore and Gilgit had larger shares of 

agricultural expansion (28-32%) because conditions within valleys were favorable. Ghizer and Nagar had increased 

fuelwood extraction (42-45%) owing to the lack of alternative sources of energy. Impacts on infrastructure were 

focused on Gilgit (38%) because of highway expansion and urbanization. 

 

Table 5. District-wise Deforestation Driver Contributions (%) 

District Fuelwood Infrastructure Agriculture Illegal Logging Other 

Diamer 35 26 20 14 5 

Astore 28 22 32 13 5 

Gilgit 26 38 18 12 6 

Ghizer 42 15 22 16 5 

Nagar 45 18 19 13 5 

Skardu 38 24 16 17 5 

Others 40 20 15 20 5 

https://tribune.com.pk/story/532495/deforestation-continues-to-be-a-major-concern-in-gilgit-baltistan
https://tribune.com.pk/story/532495/deforestation-continues-to-be-a-major-concern-in-gilgit-baltistan
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3.5 Future Projections (2025-2034) 

3.5.1. Baseline Scenario: 2016-2024 trend projection indicates forest cover declining to 154,788 ha in 2034-a 

37,672 ha loss (19.57% of 2024 baseline). Carbon stock would decline to 13.82 Mt, representing loss of 3.13 Mt 

(18.47%). Deforestation rate would average 2.18% per year, though rising with climatic change and development 

pressure (Table 6). 

District-level projections estimate Diamer losing an additional 28,450 ha, Astore 4,680 ha, and Gilgit 3,120 ha. 

Scattered forests suffer disproportionate loss with area declining 28% vs. 15% for closed forests. This is continued 

pressure of encroachment on marginal forest lands. 

 

Table 6. Forest Cover and Carbon Stock Projections (2025-2034) 

Year Baseline Scenario Moderate Conservation Enhanced Conservation 

 Forest (ha) Carbon (Mt) Forest (ha) 

2025 187,648 16.23 189,452 

2026 182,954 15.82 186,890 

2027 178,378 15.42 184,415 

2028 173,916 15.04 182,024 

2029 169,564 14.66 179,714 

2030 165,319 14.30 177,483 

2031 161,178 13.94 175,330 

2032 157,138 13.59 173,251 

2033 153,196 13.25 171,246 

2034 149,349 12.92 169,313 

Change 2024-2034 -43,111 (-22.4%) -4.03 (-23.8%) -23,147 (-12.0%) 

 

Moderate Conservation Scenario: Improved forest management reducing deforestation 30% would result in 

169,313 ha forest by 2034-loss contained at 23,147 ha (12.02%). Carbon stocks would decrease to 14.64 Mt, 

equivalent to a reduction of 2.31 Mt (13.63%). This scenario assumes: Enhanced enforcement reducing illegal 

logging 40%, Scaling up community forest management of 35,000 ha, Fuel-efficient cookstoves distributed to 

45,000 households, Agricultural intensification reducing expansion pressure 25%. 

Enhanced Conservation Scenario: Strong mitigation through diminished deforestation (60%) with affirmative 

afforestation would increase forest cover to 217,232 ha by 2034-net addition of 24,772 ha (12.87%). Carbon stocks 

would be 18.75 Mt, boost of 1.80 Mt (10.61%). This scenario involves: 85,000 ha protected area network, 

Intentional community-based natural resource management in all the forest villages, Payment for ecosystem services 

(PES) for 15,000 households, Alternative energy (solar, biogas) for 70% rural households, Reforestation of 30,000 

ha degraded land, and Agroforestry establishment on 12,000 ha agricultural land. 

 

 

 

 
Fig. 4. Projected Annual Carbon Sequestration by Scenario (2025-2034) 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2015 2020 2025 2030 2035 2040 2045 2050 2055

M
t 

Years 

CO2 Sequestration Projection Scenarios (2020-2050 

Mt C02 Baseline Mt Co2  Moderate Conservation  Mt Co2 Enhanced



262  TIKA KHAN ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 23 ():253-266, 2026. 

3.6 Carbon Sequestration Potential 

Existing annual sequestration of carbon was estimated at 1,283,406 t CO₂e (351,210 t C), or 5.15 t CO₂/ha/year. 

This figure indicates young structure of forest, with 65% of trees in immature diameter classes growing quickly. 

Dense forests sequester 5.82 t CO₂/ha/year versus 4.12 t CO₂/ha/year for sparse forests. 

Under baseline scenario, total sequestration would decline to 769,145 t CO₂/year by 2034 due to reduced forest 

area and aging stand structure. Moderate conservation maintains sequestration at 1,154,892 t CO₂/year. Enhanced 

conservation increases sequestration to 1,851,725 t CO₂/year—44.3% above current levels (Fig. 4). 

 

Figure 4 showing three trend lines: Baseline declining from 1.28 to 0.77 Mt CO₂/year; Moderate 

Conservation declining slightly from 1.28 to 1.15 Mt CO₂/year; Enhanced Conservation rising from 1.28 to 1.85 Mt 

CO₂/year 

District-level sequestration potential varies with forest area and management feasibility (Table 7). Diamer offers 

greatest absolute potential (890,000 t CO₂/year under enhanced conservation) due to extensive suitable lands. Astore 

and Gilgit show high per-hectare potential (6.2-6.8 t CO₂/ha/year) from restoration of degraded moist temperate 

forests. 

 

Table 7. District-wise Carbon Sequestration Potential (Enhanced Conservation Scenario, 2034) 

District Current 

Forest 

(2024) 

Projected 

Forest (2034) 

Additional 

Forest 

Current 

Sequestration (t 

CO₂/yr) 

Projected 

Sequestration (t 

CO₂/yr) 

Increase 

(%) 

Diamer 142,659 168,450 25,791 735,193 890,127 21.1 

Astore 24,014 29,670 5,656 163,296 201,642 23.5 

Gilgit 20,319 24,384 4,065 138,169 165,808 20.0 

Ghizer 5,051 6,315 1,264 26,013 32,522 25.0 

Nagar 3,715 4,644 929 19,132 23,917 25.0 

Skardu 2,234 2,793 559 11,506 14,383 25.0 

Others 1,468 1,976 508 7,560 10,179 34.6 

Total 199,460 238,232 38,772 1,100,869 1,338,578 21.6 

 

4. DISCUSSION 

 

4.1 Forest Carbon Stocks in Regional Context 

Gilgit-Baltistan's weighted mean carbon density (68.02 t/ha) aligns with global temperate coniferous forests 

(65-85 t C/ha) but remains below moist eastern Himalayan forests (110-150 t C/ha) due to arid climate and extensive 

degradation (Rawat and Agarwal, 2015). High-density coniferous forests (109.98 t C/ha) match Kashmir Himalayas 

and Uttarakhand benchmarks (Dar and Sundarapandian, 2015), yet sparse forests (49% of area, 28 t C/ha) 

significantly reduce landscape-level averages. 

 

4.2 Deforestation Rates and Drivers 

The 20-year deforestation rate (3.12%/year) dramatically exceeds Pakistan's national (0.2-0.5%), South Asian 

(0.8%), and global averages (0.52%) (FAO, 2020), positioning Gilgit-Baltistan among global hotspots. Key drivers-

fuelwood (34%), infrastructure (28%), agriculture (22%), illegal logging (16%)-reflect energy poverty, with 85% of 

rural households dependent on biomass due to limited electricity access (Hussain et al., 2015). Per-household 

fuelwood consumption (12.4 m³/year) exceeds regional forest productivity (3.2 m³/ha/year), creating chronic 

degradation. Post-2013 CPEC infrastructure development accelerated forest loss through direct habitat conversion 

and increased accessibility (Qamer et al., 2016). 

 

4.3 Stand Structure and Sequestration 

The young forest structure (65% immature, 28% sub-mature, 7% mature) results from intensive harvesting but 

offers high carbon sequestration potential, as juvenile stands accumulate carbon 2-3× faster than mature forests 

(Luyssaert et al., 2008). Current sequestration rates (5.15 t CO₂/ha/year) fall within temperate ranges (3-8 t 

CO₂/ha/year) but suggest enhancement potential through reduced disturbance. Four dominant species-Pinus 

wallichiana (22%), Cedrus deodara (23%), Picea smithiana (20%), Abies pindrow (7%)-comprise 72% of growing 

stock, indicating lower diversity than eastern Himalayan forests. 
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4.4 Regional Comparisons and REDD+ Potential 

Gilgit-Baltistan parallels other HKH regions transitioning through deforestation-degradation-afforestation 

cycles (Mayer and Khalyani, 2011). Nepal achieved forest recovery through community management, while Bhutan 

maintains 71% forest cover through strict policies (Wangchuk and Siebert, 2013). China's Grain-to-Green Program 

demonstrates large-scale mountain restoration feasibility (Yin and Yin, 2010). At carbon prices of $5-10/t CO₂e, 

50% deforestation reduction could generate $3.2-6.4 million annually, with afforestation sequestering an additional 

127,000 t CO₂/year worth $635,000-1.27 million (Angelsen et al., 2012). However, REDD+ implementation faces 

challenges including baseline establishment, leakage risks, equitable benefit-sharing, and institutional capacity 

deficits. 

 

4.5 Priority Mitigation Strategies 

 

Four high-leverage interventions emerge: 

 

Alternative Energy: Solar systems, biogas, and efficient cookstoves reduce fuelwood consumption 40-60% 

(Venkataraman et al., 2010). Scaling to 70% of households (310,000) would eliminate 1.8 million m³ annual demand 

-47% of extraction pressure. 

 

Community-Based Forest Management: Co-management regimes incentivize sustainable use. Nepal's 22,000 

community forest user groups managing 1.7 million ha demonstrate effectiveness (Paudel et al., 2015). 

 

Payment for Ecosystem Services: Direct payments for carbon storage, watershed protection, and biodiversity 

successfully reduced deforestation 2-15% in Mexico, Costa Rica, and China (Börner et al., 2017). 

 

Agroforestry Systems: Integration of fruit trees (walnut, apple, apricot), poplars, and fodder species with crops 

sequesters 2-12 t CO₂/ha/year while diversifying income (Nair et al., 2009). Development on 12,000 ha degraded 

cropland would sequester 60,000-90,000 t CO₂/year additionally. 

 

4.6 Policy and Institutional Framework 

Effective implementation requires: (i) Policy reforms-secure forest tenure rights, subsidize clean energy, enforce 

science-based harvest limits, integrate forest protection in land-use planning, establish PES mechanisms; (ii) 

Institutional strengthening capacity building in carbon MRV, permanent monitoring plots with 5-year inventories, 

multi-stakeholder coordination platforms, enhanced enforcement; (iii) Finance mechanisms-access Green Climate 

Fund and bilateral climate finance, allocate 2% provincial budget to conservation, engage private sector through 

carbon offsetting, establish innovative instruments like forest conservation funds and green bonds. 

 

4.9 Research Needs 

Critical knowledge gaps to be studied are: 

1. Fine-scale carbon mapping: Higher resolution inventories enabling site-specific management 

2. Climate change impacts: Species-specific measurements of vulnerability, assisted migration experiments 

3. Soil carbon dynamics: Quantifying changes with land use and management 

4. Socio-economic analysis: Household decision-making regarding forest use 

5. Intervention effectiveness: Systematic impact assessment of conservation programs 

6. Biodiversity co-benefits: Synergizing carbon and biodiversity objectives 

7. Traditional knowledge: Documentation of indigenous forest management 

5. Conclusions 

Gilgit-Baltistan's forests currently hold 16.95 Mt carbon and sequester 1.28 Mt CO₂ annually, providing critical 

climate mitigation. However, 37.4% forest loss over 20 years threatens these stocks. 

 

Key Findings: 

 

1. Carbon Stocks: Dense conifers (109.98 t C/ha) cover only 43% of forests; degraded sparse forests (49% area) 

hold just 28 t C/ha-indicating significant restoration potential. 

 

2. Deforestation Drivers: Wood fuel (34%), road construction (28%), agriculture (22%), and illegal logging (16%) 

require integrated, multi-sectoral interventions. 
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3. Growth Potential: With 65% immature trees, protected maturation could increase carbon stocks 40-60% within 

decades. 

 

4. Future Scenarios: Business-as-usual projects 22% additional loss by 2034 (stocks falling to 12.92 Mt). Enhanced 

conservation could expand cover 13% and stocks to 18.75 Mt-a 44% sequestration increase. 

 

Priority Interventions: 

 

- Alternative energy (efficient stoves, solar, biogas) for 70% rural households-reducing fuelwood demand 45% 

- Community forest management expanding to 85,000 ha 

- Payment for ecosystem services covering 100,000 ha 

- Agroforestry on 12,000 ha degraded land 

Gilgit-Baltistan's forest carbon trajectory depends entirely on policy choices and management practices implemented 

this decade. 

 

6. Recommendations 

6.1 For Government of Gilgit-Baltistan 

Immediate Actions (0-2 years): 

1. Declare forest emergencies and establish GB Forest Conservation Initiative 

2. Allocate Rs. 500 million annually for alternative energy subsidies 

3. Expand community forest management to 50,000 ha across 100 villages 

4. Launch Forest Carbon Monitoring Unit with dedicated resources 

5. Enforce strict logging moratoriums with enhanced penalties 

 

Medium-term Actions (2-5 years): 

1. Scale community-based management to 100,000 ha 

2. Distribute efficient cookstoves to 100,000 households and install 25,000 solar systems 

3. Develop 8,000 ha agroforestry systems 

4. Complete forest inventory and mobilize $20 million climate finance for REDD+ 

 

Long-term Actions (5-10 years): 

1. Achieve 150,000 ha sustainable forest management with 15% forest cover increase 

2. Transition 70% of rural households to clean energy 

3. Integrate carbon sequestration into all development planning 

4. Establish Gilgit-Baltistan as national mountain forest conservation model 

 

6.2 For Federal Government and Climate Change Ministry 

1. Incorporate GB forest conservation into Pakistan's revised NDC with dedicated mountain ecosystem funding 

2. Establish national forest carbon monitoring system with streamlined access to Green Climate Fund 

3. Harmonize forestry, energy, and agriculture policies while investing in renewable energy infrastructure 

 

6.3 For International Development Partners 

1. Provide technical and financial support for REDD+ MRV systems and large-scale alternative energy programs 

(target: 200,000 households) 

2. Fund community forestry capacity building and long-term carbon monitoring 

3. Facilitate knowledge exchange with successful mountain REDD+ programs (Nepal, Bhutan) 

4. Support climate-resilient livelihoods reducing forest dependence 

6.4 For Research Community 

1. Establish long-term ecological monitoring plots and conduct species-specific climate vulnerability assessments 

2. Evaluate alternative energy interventions' impact on fuelwood consumption and community forest management 

co-benefits 

3. Develop carbon finance-poverty reduction models and document traditional ecological knowledge 

 

6.5 For Local Communities 

1. Form community forest user groups in all forest-adjacent villages 
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2. Adopt efficient cookstoves, alternative energy, and rotational grazing systems 

3. Establish tree nurseries producing 500,000+ seedlings annually with community-based forest surveillance 

4. Participate in carbon finance benefit-sharing 
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