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Global Change Impact Studies Centre 
 
 
Establishment: 
 
Being cognizant of the fact that Climate change is a stark reality and no more a fiction 

and Pakistan cannot remain secluded from the adverse impacts of this global concern, 

Global Change Impact Studies Centre (GCISC) was established as a dedicated research 

Centre to address climate change issues in 2002 with seed money provided by the 

Ministry of Science & Technology. From July 2003 to September 2009 GCISC was 

supported by the Pakistan Planning Commission under its Public Sector Development 

Programme and thereafter by the Ministry of Environment from its development funds.  

 

Present Status: 

The status of Body Corporate was granted under the GCISC Act notified through Gazette 

of Pakistan on March 26, 2013 (Annex-I). According to the act, the Centre is a body 

corporate working under Ministry of Climate Change, Government of Pakistan as its 

research arm.  

 
 
Board of Governors:  

 
The Centre is run through a high level 28-member Board of Governors. Minister-in-

Charge of Climate Change serves as the Chairman of BoG whereas Secretary Ministry 

of Climate Change is the Vice Chairman. The composition of the BoG-GCISC is provided 

as Annex-II. 
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Mandate:  

Following Mandate has been assigned to the Centre by GCISC Act 2013: 
 

To undertake scientific investigations of the phenomenon of climate change at 

regional and sub-regional levels and study its impact on various sectors of socio-

economic development in order to prepare the country to meet threats to its water 

resources, agriculture, ecology, energy, health, bio-diversity etc. 

 
Main Functions: 

 

 Research: on climate change profiles of Pakistan, climate change impact 

assessment in different socio-economic sectors and identification of appropriate 

adaptation/mitigation strategies; 

 Capacity building: of young scientists of GCISC and the relevant national 

research organizations in climate change research; 

 Dissemination of research findings: to scientific community, planners, 

policymakers and raising public awareness of climate change concerns.  

 
 
Organogram: 
 
 

 
 

Detail organogram is attached as Annex-III 
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Research: 

Presently GCISC is working in the following research areas: 

Area Research Goals Research Methods 

Climate 
Science 

Forecast changes in temperature, 

precipitation, glacier mass and melt, 

river flows, evaporation, pest and 

disease vectors, extreme events 

(floods, drought, cyclones) 

Models & Observations:  

Temperature, perception, heat 

island, glacier mass, crops, 

pests, disease, energy 

Impacts Assess impacts on water, 

agriculture, health, ecosystems, 

energy.  

Water models, Crop models, 

Hydro-met extremes, water & 

energy demand and supply, 

disease vectors 

Policy Options to minimize/ avoid adverse 

impacts on life, health, livelihoods 

and development. 

Development policy, energy 

policy, agriculture policy, water 

policy, community building, 

capacity building, public health, 

conflict management 
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RESEARCH SECTIONS 

 

1. Climatology & Environment Section: 

Mandate:  

The Climatology section uses a simulation and modelling approach to study the past 

behavior and future trends in the climate system in Pakistan. The key areas of research 

include climate system modelling, past and projected climatic changes, climatic extremes, 

research on intra seasonal to decadal predictability, estimation of GHG emissions (energy 

sector and industrial processes) and linking energy and environment models for emission 

projections and identification of optimum mitigation strategies. 

Activities: 

 Assessment of past climate trends over Pakistan; 

 Evaluation and application of IPCC- GCMs for construction of future climate 

projections over Pakistan; 

 Identification, assessment and application of appropriate regional climate models 

(RCMs) to develop fine scale climate projections over Pakistan for impact 

assessment studies; 

 Identification, assessment and application of appropriate tools/models for the 

study of intra seasonal to decadal climate prediction; 

 Development and application of climate extreme indices and indicators for 

monitoring and prediction of trends in climate extremes and their socio-economic 

impacts; 

 Assessment of Air Pollution over Urban Centres of Pakistan and Identification of 

their Long-Range Transport on Seasonal Basis using Plume Dispersion and Air 

Mass Trajectory Models; 

 Development and regular updating of GHG emission inventory of Pakistan (energy 

sector and industrial processes) following the methodologies laid down in IPCC 

guidelines; 

 Analysis of GHG emissions projections and identification of optimum mitigation 

strategies for various source categories in Pakistan’s energy system by linking 

energy and environment models; 

 Involvement in IPCC activities. 
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Key findings  

i. Assessment of CMIP5 climate models over South Asia and climate 
change projections over Pakistan under representative concentration 
pathway 

Future climate change projections from global climate models (GCMs) are the primary 

drivers of regional downscaling and impacts research. Climate projections are also in 

increased demand from disaster management agencies, policymakers, and other 

stakeholders. A set of 36 global climate models from the Coupled Model Inter-Comparison 

Project Phase 5 (CMIP5) is assessed for their performance over South Asia region for 

making future climate projection with a focus on Pakistan and its sub-regions. The spread 

between GCMs while projecting temperature shows the rise over the 21st century under 

all RCPs. All models are in good internal agreement for temperature projections over 

Pakistan with a less standard error. The projected change in temperature over Pakistan is 

higher than the global average change. Under business as usual scenario (RCP 8.5) the 

total temperature rise by the end of the century will likely to be 5.1°over Pakistan. Similarly, 

under the rigorous mitigation scenario (RCP 2.6) the rise in temperature will reach to 1.7°C 

over Pakistan, which is 0.7°C higher than the global average.  

 

Figure: Projected changes in Average temperature of Pakistan 
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ii. Variability and Predictability of Summer Monsoon Rainfall over 
Pakistan: 

Devising effective strategies to ensure sustainable development in Pakistan requires that 

monsoon rainfall be predicted on inter-annual time scale. One study was performed 

focusing on prediction of inter & intra-annual variability of monsoonal rainfall over 

Pakistan. Observed and estimated rainfall also feature a close agreement, except for a 

few extremely wet years Fig 1. It is concluded that intra-annual predictability is dependent 

on monthly rainfall variability, as high variability in rainfall affects the model’s predictability 

skills. This study is useful for policy making and associated planning purposes, as the 

intra and inter-annual variability of monsoon rainfall has huge impact on the socio-

economic sectors and enhanced predictability of rainfall can help in better planning of 

water resource management for agricultural sector. Agriculture contributes around one 

quarter to Pakistan GDP and is tied up with the annual cycle of rainfall variability. Hence, 

the model proposed in this study provides a step forward in solving the problem of medium 

to long term rainfall predictability. 

 

Figure: Mean and inter annual rainfall behavior over monsoon dominated region of Pakistan. 
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iii. Joint Effect of East Asia-Pacific and Eurasian Teleconnections on the 
Summer Precipitation in North Asia. 

The research has been performed on relationship between global teleconnection patterns 

(e.g., ENSO, IOD and NAO, etc.) on monsoon system. It has been observed that ENSO 

and the Indian Ocean Dipole (IOD, also known as the Indian Niño) have pronounced 

global and regional circulation effects that in turn modify the global monsoon system, 

especially, the Asian and African monsoons. The IOD-ENSO relationship at different 

timescales is temporally non-uniform, which is important to understand the monsoon 

phenomenon in order to evaluate its socioeconomic impacts. 

iv. Identifying hotspots cities vulnerable to climate change in Pakistan under 
CMIP5 climate projections. 

The hotspots cities vulnerable to climate change in Pakistan under CMIP5 climate 

projections have been identified in one study carried out this year. Hotspot cities where 

extreme climate, that is, the hottest, dryer and wetter, exists were also identified. 

Hyderabad will likely become the hottest city of Pakistan by end century with the highest 

average temperature reaching 29.9°C under RCP4.5 and 32.0°C under RCP8.5 followed 

by Jacobabad, Bahawalnagar, and Bahawalpur. Most of the hottest cities are detected in 

areas on the southern side of Pakistan. On the other hand, the wettest cities, Murree, 

Balakot and Muzaffarabad, are located in the monsoon region. Dry conditions are likely 

to be prevalent in Dalbandin followed by Khanpur and Jacobabad under both RCPs.  

 

  Figure: Top hottest and wettest cities of Pakistan in 21st Century under RCP4.5 and 8.5 

v. Assessment of climate extremes in future projections downscaled by 
multiple statistical downscaling methods over Pakistan. 

The study assesses climate extremes in future projections downscaled by multiple 

statistical downscaling methods over Pakistan. In case of temperature, the results 

indicate a projected increase in frequencies and magnitudes for warm extremes, while it 

is decreasing for cold extremes in the 21st century (fig.). The corresponding trends of 

maximum and minimum temperature extremes are greater than the mean temperature 
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trend; where the frequency and magnitude of minimum temperature extremes is higher 

than maximum temperature extremes over Pakistan particularly over North in last half of 

the 21st century for both RCPs. In the case of precipitation extremes, most of the sub-

regions across Pakistan show a higher increase in total annual precipitation and intense 

precipitation events. However, numbers of consecutive dry days (CDD) are increasing 

while consecutive wet days (CWD) are decreasing which can give rise to drought 

conditions particularly in Sindh. 

 

 

Figure: Relative changes in maximum and minimum temperature-related extreme 
indices by projections from GCMs for RCP4.5 and RCP8.5 over Pakistan 

 

vi. A Review on the Sensitivity of El Niño Southern Oscillation to Strong 
Aerosol Forcing (i.e., Volcanic Eruptions Aerosols). 

In this recently submitted work (submitted to the Journal: Surveys of Geophysics), the 

impacts of aerosol-ENSO nexus over the globe with a focus on Middle Eastern, African, 

and South Asian convective regions are studied. In this research work, delineated the 

impacts of volcanic aerosol forcing from natural climate variability (e.g., ENSO, NAO, PNA 

etc.,). This research highlights that the ENSO response to volcanism is very sensitive to 

ENSO preconditioning, eruption timing, position and magnitude. However, some 

mechanisms of these responses are not clear yet and questions still remain, for instance, 

how exactly the nearly uniform radiative cooling of a tropical volcanic event projects onto 

ENSO and the possibility that some coincidental ENSO events may already have been 

developing at the time of eruption. Our model-based studies suggest that an extratropical 
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Northern (Southern) Hemispheric eruption may lead to a relative El Niño (La Niña)–like 

response. Despite the consistency, many subtle differences still exist in the simulated 

response to volcanism that could be further improved by using a unified setup in the general 

circulation modeling and considering an adequate sized sample to accurately assess 

ENSO responses both in models and observations. A schematic diagram that explains the 

experimental setup and methodology is shown in the following diagram. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

vii. Revisiting the Climatic Impacts of Strong and Weak ENSO using High-
Resolution Atmospheric Model. 

 

In this manuscript (under review in the journal: Atmospheric Environment), climatic impact 

of increased magnitude of ENSO (i.e., strong and weak El Nino/La Nina) at the global and 

regional scale, in particular, over the Pacific, Atlantic, tropical African, and South Asian 

regions using a high-resolution global climate model, HiRAM, effectively at 25 km grid 

resolution have been analyzed. This study reveals that the strong ENSO initiates a strong 

Pacific North American (PNA) and North Atlantic Oscillation (NAO) patterns in the North 

Pacific and North Atlantic Ocean respectively in the boreal winter season that significantly 

affects the climate of America, the Middle East, and South Asia. This research further 

reveals that strong ENSO forcing strongly impacts Hadley and Walker Cell circulations that 

Figure: A schematic diagram suggesting two different experiments using a large number of coupled GCMs 

with large ensemble members with volcanic (i.e., panel A) and non-volcanic forcing (i.e., panel B). The 
difference of the ensemble average of these multi-model, multi-ensemble volcanic forcing experiments from 
non-volcanic experiments is required to delineate the volcanic impact (i.e., direct and non-direct) from 
natural climate variability. Large-scale circulation changes that supposedly play role in high-latitude winter 
warming are shown in bold red font. 
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in turn generate stronger impacts on African and Asian tropical regions. The temperature 

response of the Middle East and North Africa (MENA) and South Asian countries to ENSO 

forcing is explained in the following Figure 2. It explains that the strong ENSO (El Nino/La 

Nina) produces significant cooling impact over MENA and South Asian region in winter 

(DJF) season, however, the impact of La Nina is rather mixed such that it produces warming 

in high latitude regions and weak cooling over MENA, and South Asian regions in winter.  

 
 

 

Figure: Composited mean surface temperature anomaly following strong El Niño and La Niña 
forcing over MENA region in winter (DJF) season. 

 

viii. Revisiting the Climatic Impacts of ENSO Varying Magnitude. 
 

This work is an extension of already published work in which the impacts of different ENSO 

flavors (i.e., Canonical ENSO, and Modoki ENSO) are assessed at the global and regional 

scales with a focus on the South Asian region. This study focuses on South Asian monsoon 

precipitation variability in relation to ENSO varying magnitude for the period of 1979-2010. 

About 50 percent part of this work has been completed. The ICTP-AGCM “SPEEDY” and 

GFDL-HRIAM are used to conduct the control and one times (1×) and two times (2×) ENSO 
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(El Nino/La Nina) experiments. Few remaining parts of this study will be completed later.  

Initial analysis reveals that the ENSO Modoki will have stronger impacts on the South Asian 

monsoon through its stronger impact on the Indian Ocean by changing the intensity of 

Hadley and Walker Circulation Cells. Figure 3 shows the response of convective 

precipitation overlaid with UV wind vectors at 925 hPa for 1× and 2× ENSO experiments in 

the Middle Eastern, African and South Asian tropical convective regions during the summer 

(JJA) season.  

 

Figure: Composited anomaly (Experiment-control) of summer precipitation (mm/d) and wind 
vectors at 925 hPa for one time and two times ENSO (El Niño/La Niña) forcing for the period 
1979-2010. 

ix. Ocean sensitivity to anthropogenic and natural forcing of varying 
magnitude. 

This study focused on climatic impacts of anthropogenic (i.e., CO2) and natural 

forcing (i.e., volcanism) on the sea-level rise (SLR) and ocean heat content (OHC) 

changes. This study has two parts. In the first part, analyzed the response of global 

oceans to volcanic forcing. This part has recently been published in Nature Scientific 

Reports. In the second part, analyzed the response of different ocean basins (Pacific, 

Atlantic, Indian and Southern Ocean) to anthropogenic (1% increase of CO2 starting from 

1990 level) and volcanic forcing of Mt. Pinatubo size. The experiment is started with cold 

and normal oceanic states, which were taken from a long Coupled Model Inter-

Comparison Project (CMIP) type GFDL-CM2.1 global model simulations that were used 

for IPCC’s fourth assessment report (AR4). About 50% part of (the analysis and write up) 
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this work has been completed. Initial results reveal that the CO2 forcing will cause an 

increase of the OHC and SLR in the Intermediate Ocean (300-1500m oceanic layer). 

These changes are larger in the Atlantic Ocean compared to the Pacific, Indian, and the 

Southern Ocean (Figure 4). This happens due to the larger role of Atlantic Meridional 

Overturning Circulation (AMOC) in the Atlantic Ocean compared to other ocean basins. 

This work will be extended to further analyze the response of the Arabian Sea (focusing 

on the Bay of Bengal) to these external forcings and associated impacts on the 

monsoonal climate of South Asia with a focus on Pakistan. This study will be very 

beneficial to better understand the existing model uncertainties in the prediction of South 

Asian monsoonal variability. 

 

 

Figure: Temporal evolution of change in sea-level rise (SLR) for 1% CO2 increase together with 
1× Pinatubo volcanic aerosol simulation for 100 years (1990-2089). Legends represent the SLR 
for different Ocean basins under Normal and Cold initial state of the Ocean. 

 

x. Joint Effect of East Asia/Pacific and Eurasian Teleconnections on the 
Summer Precipitation Pattern in North Asia  

This work has been submitted to the “Journal of Meteorological Research” and has been 

accepted after passing through an extensive peer-reviewed process. It will be published 

in the forthcoming issue of the journal. In this study, we focused on the joint effect of East 

Asia/Pacific (EAP) and Eurasian (EU) Teleconnections on the summer precipitation 

pattern in North Asia (NA) region. The results of this study reveal that the correlation 

coefficient between EAP and EU is 0.03, indicating that they have an independent 

relationship with each other reflecting that the two teleconnections have different effects 

on summer precipitation in NA. The EAP teleconnection is negatively correlated with 
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precipitation over the extratropical region from Middle East China to Japan but positively 

associated with precipitation in Russian Far East and Okhotsk Sea regions, causing a 

north-south dipole distribution of precipitation anomalies in eastern NA. The EU 

teleconnection is negatively correlated with summer precipitation in the Ural Mountain 

and Okhotsk Sea regions but positively associated with precipitation in the Baikal Lake 

region, which may lead to the tripole anomalous wavelike structure over northern NA. 

 
xi. Evaluation of the Weather Research and Forecasting (WRF) model for the 

assessment of wind power potential over Pakistan 

The study present preliminary results of an evaluation of the WRF (Weather Research 

and Forecasting) Numerical Weather Prediction (NWP) model for the assessment of wind 

potential in Pakistan. The model simulations have been performed for year 2005 at 27 

and 9 km grid spacing to downscale the NCEP final reanalysis (FNL) data. The aim here 

is to check the feasibility of the model to map the wind potential areas in different areas 

of Pakistan. The extra pressure levels have been added in the model configuration and 

data has been extracted from the 10m and 60m model heights. The evaluation was 

carried out for the Gharo station where the observed data is available for the year 2005 

at one minute temporal resolution. The data extracted from the model output for different 

seasons of the year 2005, at 27 and 9 km model spatial resolution and one hour temporal 

resolution. Results were tested against ground data measured at meteorological towers 

at two different elevations above sea level.  

xii. Climate variability and its impacts on water resources in the Upper Indus 
Basin under IPCC climate change scenarios 

The output of a regional climate model (RCM), providing regional climate for impact 

studies (PRECIS), is used as input data to the hydrological model to produce inflow 

projections at the Tarbela Reservoir on the Indus River. Maximum temperature, minimum 

temperature and precipitation are investigated for possible climate change in the region. 

The hydrological model was calibrated for the 1995–2004 period and validated for the 

1990–1994 period with almost 90% efficiencies. The projections of inflow to the Tarbela 

Reservoir show that there is an overall increase of 59.42% and 34.27% to the Tarbela 

Reservoir during the period of 2040–2069 under the A2 and the B2 scenarios, 

respectively. There will be much more water available in the future, with the highest inflow 

and comparatively more water shortage noted in the 2020s under the A2 scenario. Finally, 

the impacts of changing climates on the operation of Tarbela Dam are investigated. 
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xiii. Sensitivity evaluation of convective parameterizations and spectral 

nudging schemes in historical dynamical downscaling for South Asia  

In this study, two sets of sensitivity experiments were performed aiming to choose the 

optimum deep convective parameterization scheme and spectral nudging scheme for a 

historical dynamical downscaling simulation over South Asian region with Regional 

Spectral Model (RSM). Among four convective schemes namely Kain Fritsch version 2 

(KF2), Relaxed Arakawa Schubert (RAS), Simplified Arakawa Schubert (SAS) and 

National Center for Atmospheric Research (NCAR) Community Climate Model version 3 

(CCM), SAS scheme gave the best skill in terms of the precipitation reproducibility. 

Among two Scale Selective Bias Correction (SSBC) methods, the new version of SSBC, 

which applies nudging to the full components of wind with gradually weaker degree in the 

lower model layers, showed precipitation closer to the observation and wind pattern closer 

to the global analysis, than the old version of SSBC, which applies nudging only to the 

rotational wind field with the constant nudging strength in height. Evaluation of ten years 

(1981-1990) summer simulations over South Asia confirmed the superiority of the 

combination of new SSBC and SAS in capturing South Asian Monsoon precipitation fairly 

well. 

New initiatives: 
 

 Climate Profiling using high resolution Climate Modelling and Simulation 

Techniques; 

 Scientific Investigation and Prediction of Climate Extremes; 

 Study dynamics of short lived climate pollutants and their associated impacts; 

 Study monsoon dynamics and intra seasonal to inter decadal climate 

predictions and their teleconnections with global climate patterns particularly 

in relation to their impacts on various sectors of socio economic importance 

e.g.; agriculture, water resources etc. 

 Development of a reference emission scenario for Pakistan through an 

integrated approach by establishing a linkage between energy and 

environment models i.e. EnerNEO and Calculator 2050. 
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2. Water and Glaciology Section: 

Activities: 

 Assessment of high elevation climate change 

 Simulation modelling of water systems 

 Generation of high resolution future climate scenarios for impact studies  

 Assessment of climate vulnerability and impacts on water systems to assess 

future water security 

 Policy review and advice 

 Research dissemination (International science journals and books, policy 

briefs, press releases) 

 Capacity building and awareness raising 

 Community perception surveys as proxies in the data scarce regions  

Key findings  

i. Modelling Based Research Studies by the Water Resources and Glaciology 
Section of the GCISC to Assess Impact of Climate Change on Glacier/Snow 
Melt and River Flows  

Analysis of the available long-term record (1969-2014) of annual total flow volumes of the 

Indus River at Besham Qila (a flow gauging station upstream of Tarbela dam), shows no 

statistical evidence of a significant and sustained change in the aggregate average annual 

flow volumes in the upper Indus Basin (UIB) upstream of Tarbela Dam   

 
Figure: Long-term trend analysis of Upper Indus Basin (UIB) annual total flow volumes 

As in many other regions around the world, faster snow/glacier melting and, as a result, 

incidence of hydrological extreme events in on the rise. In Pakistan, it is in many different 

Trend is statistically non-significant 
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forms, especially flash flooding in the northern mountainous streams. An analysis of the 

recorded inflows to the Tarbela reservoir carried out by the GCISC Water team shows 

that there is a significant increase in the extreme flow events and high flood frequencies 

which is an indication of faster melting at low elevations and more frequent lake outburst 

flood events including GLOFs. 

 
Figure: Decadal analysis of occurrences of high flood (flow greater than 12000 cumecs) events 

ii. Spatio‑Temporal Analysis of Early Twenty‑First Century Areal Changes 

in the Kabul River Basin Cryosphere, 

 

A GCISC-led modelling study reveals that under future climate change scenarios, 

seasonal snow in the basin is likely to melt faster and earlier, thereby causing more 

frequent and higher magnitude extreme flow events in the form of localized flash floods 

in the mountainous part and larger floods in the flatter terrain (mostly in KP province of 

Pakistan e.g. Noshera and adjacent areas) of the basin. It poses a huge threat to a major 

proportion of the population living in the KRB on both sides of the border.   

 
Figure: Seasonal Pattern of Snowmelt 
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The study proposes following policy recommendations:  

• A joint campaign by the Meteorological agencies of the two riparian 

countries for installation of climate and river flow gauging sites in the basin, 

especially on the Afghanistan side which has virtually no long term data 

available required for a reliable climate analysis. It will help improve 

hydrological monitoring and climate change impact assessment research 

studies in the KRB. In this regard, Pakistan has better capacity and can offer 

full technical support to Afghanistan  

• Joint watershed management practices including tree plantation to reduce 

soil erosion and flood risk, and flood plain management (restoring and 

creating wetlands) to make beneficial use of flood flows 

• A formal mechanism of cooperation/coordination among the national 

weather and flood forecasting agencies in both the countries through 

enhanced knowledge and data sharing and mutual capacity building 

• Developing jointly run flood early warning systems for saving as much as 

possible lives and property in both the countries. 

iii. Impact of climate change on the mean summer runoff of the Chitral River  

In a modelling study, the impact of climate change on the mean summer runoff of the 

Chitral River was determined by applying the RCP climate change scenarios using SRM 

snow hydrology model. Basin’s simulated discharge of year 2000 was taken as a base 

year for projecting the future runoff. 

An increase of ∼13–37% was estimated in the mean summer runoff of Chitral River basin 

under mid and late-21st century low to high emission RCP scenarios. The increase in 

runoff is a result of increasing precipitation and warming trend which leads to melting of 

snow and glaciers in Chitral. 

 

Figure: Simulation of the Chitral River discharge under RCP 2.6, 4.5 and 8.5 climate change 

scenarios for the (a) mid-21st century, and the (b) late-21st century 
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In another modelling work focused on the Gilgit River Basin, a glacier-fed basin, we found 

that faster melting of glaciers under increased temperatures would bring increased flow. 

In terms of timing of the flow, it will be available a month earlier but the peak will be 

flattened with no change in terms of timing.  

 

Figure: Climate change impacts on the flow regime of the Gilgit River Basin 

The following analysis presents an attempt to detect any significant trend in the monthly 

maximum snow covered area in the transboundary Kabul River Basin. Results show that 

for most of the months, there is a slight decreasing trend for the most recent 3-4 years 

but, overall, for the whole 16-year period there is no significant decreasing or increasing 

trend in the maximum snow covered area.  

 

Figure: Maximum Snow cover area change analysis for the early 21st century in the KRB 
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iv. Drought monitoring and prediction in climate vulnerable Pakistan: 
Integrating hydrologic and meteorological perspectives 

 
In Pakistan, surface water flows predominantly originate from the transboundary Upper 

Indus sub-catchments of Chenab, Jhelum, Indus and Kabul rivers. Hence, impact of 

droughts manifested through water deficits in these catchments are strongly felt by 

downstream users. Use of different drought indicators is limited in Pakistan’s operational 

drought monitoring system. This study aims to explore the relationship between 

meteorological and hydrological droughts in the Upper Indus catchments of Pakistan 

using the Standard Precipitation and Evaporation Index (SPEI) and the Standard 

Streamflow Index (SSI). Since there are no previous studies for the Indus that compare 

different distributions for SSI computation, we compare five distributions to adequately 

compute SSI values at catchment outlets. Our most crucial contribution in this study is 

analysis of seasonal cross-correlations and lagged cross-correlations between SSI and 

SPEI for the above-mentioned four catchments. The cross-correlation analysis shows 

strong lagged (with up to 2 lag months) cross-correlations between SPEI and SSI for 

Chenab, Jhelum and Kabul catchments in early Kharif months. These correlations may 

be used in operational drought monitoring and forecasting systems, and also in reservoir 

planning and operations (for Mangla reservoir in Jhelum) in drought conditions. We 

strongly believe that the findings of this study can be used in future to collectively explore 

hydrological and meteorological drought perspectives in Pakistan and to successfully 

incorporate multiple indicators into operational drought management. 

Salient findings of our research:  

Combined use of the Standard Precipitation Evaporation Index (SPEI) and the Standard 

Streamflow Index (SSI) was investigated to analyze their capability in monitoring and 

early detection of droughts in the four key upper catchments of the Indus Basin of 

Pakistan, i.e., Chenab, Jhelum, Indus and Kabul. Our combined indicator based drought 

analysis shows that both SPEI and SSI are able to identify historical hydrological droughts 

and streamflow deficits at the outlets of these catchments. Moreover, a brief analysis of 

two key drought characteristics, duration and severity, shows that there is a high 

correlation between drought duration and severity. Moreover, empirical distribution plots 

of drought duration were also analyzed and visual coherence between SPEI-based and 

SSI-based drought duration statistics (and respective empirical distributions) was also 

observed. 

Since a key purpose of this study was to analyze coherences between SPEI and SSI, in 

order to unearth new insights for improvement of existing Drought Early Warning Systems 

(DEWS), we also analyzed cross-correlations and lagged cross-relations between SPEI 

and SSI. When seasonality was not considered, weak cross-correlations were observed 
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between SPEI and SSI for all catchments. In order to incorporate seasonality into our 

analysis, we also computed monthly cross-correlations between SPEI and SSI. Strong 

cross-correlations (i.e., r > 0:7) were observed for Chenab, Kabul and Jhelum 

catchments, especially in late winter and early spring months. 

 

Future Research Agenda: 

 Analysis of climate change and extreme events (especially GLOFs) in the high 

mountains of Himalaya-Karakoram through water system modelling to ascertain 

Water availability scenarios in the Upper Indus Basin  

 Assessing past and future climate change impacts on Groundwater storage in 

Pakistan through modelling and simulation  

 Drought monitoring and prediction for risk reduction through sophisticated 

statistical modelling 

 Climate smart water resources management for sustainable crop yields in the 

Indus Basin 

 Geo-spatial analysis of the water distribution system for assessing water security 

(past, present and future) in Pakistan  

 Urban flooding analysis under different extreme precipitation scenarios in the 

major urban centers (Karachi, Hyderabad, Lahore) of Pakistan and exploring 

adaptation options 
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3. Agriculture, Forestry & Land Use Section: 
 

Production of crop, livestock, forestry, and fisheries is highly vulnerable to climate change, 

including reduced water availability, increased variability in water flows, temperature 

increases, humidity, insect-pest infestation, increased frequency and changing pattern of 

extreme events, and climate-induced land use changes. The program seeks to address 

the major challenges of climate impact assessments on agriculture, adaptation and 

mitigation, food production, food security and sustainability of agroecosystems. The main 

methodology is the development and testing of simulation models under a system 

analysis approach. A central objective is to assist national planners in developing and 

incorporating suitable strategies in national development plans. 

Research Activities: 

 Assessment of the impacts of projected climate changes on productivity of key 

agricultural crops in different climatic zones using crop models; 

 Assessment of the impacts on related areas, including productivity of forestry, 

grasslands, rangelands and fragile ecosystems (i.e., mountains, wetlands, coasts, 

and arid areas); livestock; and land degradation and deforestation, insect-pest 

infestation dynamics; 

 Assessment of food security in the face of future climate change and especially 

under reduced availability of irrigation water; 

 Devise adaptation measures, including climate smart agriculture; 

 Studies on water, food, energy nexus; 

 Updating GHG emissions from agriculture, forestry and land use and waste 

sectors. 

Key findings  

i) The Impacts of Climate Variability on Crop Yields and Irrigation Water 

Demand in South Asia 

The objective of this study was to improve understanding of the impact of inter-annual 

climate variability on crop yields and crop water demand from irrigation in selected study 

sites of the IGB river basins in South Asia during the historical period 1981–2010.Results 

of this study confirm the importance of climate-related assessments in crop yields and 

irrigation water demand at higher spatial (grid cell aggregated over study sites area) and 

temporal (crop phenological phases) scales. The results confirm that climate variables 

(i.e., temperature and precipitation) play a major role in crop development and growth. 

However, the degree of crop yield relationship strength with climate variables varies 
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largely between seasons and among locations. Crop yields (i.e., wheat and rice) show 

very low sensitivity to climate variables (i.e., up to 4% to temperatures and up to 21% to 

precipitation) when assessed at the province and state level using observed yield and 

climatic data. However, crop yield showed a little higher sensitivity to temperature (up to 

32%) and precipitation (up to 20%) variations at higher spatial scale i.e., districts level in 

Punjab Pakistan. 

 

Simulated wheat and rice yields at 5 arc-min spatial resolution aggregated over selected 

study sites show that 27–72% variations in wheat and 17–55% variations in rice yields 

are linked with temperature variations in the rabi and kharif cropping seasons, 

respectively. In the absence of irrigation application, precipitation variations also play a 

major role, i.e., up to 39% variations in wheat yield and up to 75% variations in rice yield 

are directly linked with precipitation changes in the IGB river basins. Statistically 

significant and strong negative correlations between temperature and wheat yield indicate 

that wheat crop is quite vulnerable to heat stress. Kharif precipitation shows a statistically 

strong and positive relationship with rice yield production, indicating that a change in 

monsoon onset and uncertain climate extremes can impact the rice yield productivity. 

 

The study concluded that wheat yields are most vulnerable to increasing winter 

temperatures in the reproductive phase. In the absence of irrigation application, both 

wheat and rice crop yields show mainly a significant positive relationship with crop phase-

specific precipitation for all study sites with the strongest correlation, however with a large 

range, during the reproductive phase −0.12 to 0.75 for wheat and −0.18 to 0.77 for rice. 

Our analysis confirms that the crop yield sensitivity to climate variables depends on time 

and space specific climatic conditions. 

 

Timing and quantity of irrigation water demand are also strongly associated with the 

variations in temperature and precipitation. We observed that irrigation water demand by 

both wheat and rice are generally positively correlated with temperature in both climate-

sensitive crop phases with an exception during the reproductive phase of wheat where it 

shows a mixture (both positive and negative) of correlations for different locations. 

Whereas, crop phase-specific irrigation water demand by both crops show a negative 

relationship with precipitation i.e., under increased precipitation scenarios, decreased 

irrigation projections are expected. This study shows that crop phase specific climate 

variables play a major role in crop yield fluctuations within and between the years and 

also drive irrigation water demand in quantity and time. Therefore, improved knowledge 

on the shifts in irrigation water availability and demand based on local soil and climate 

conditions during sensitive crop growth phases and possible impacts on crop yields of 

rice and wheat in the IGB river basin will support adaptation strategies to cope with 

projected climate change and socio-economic scenarios. 
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ii) Future changes in growing degree days of wheat crop in Pakistan as 

simulated in CORDEX South Asia experiments 

This study was designed to assess the increasing daily maximum as well as minimum 

temperatures and to determine the impacts of rising daily mean temperature on heat 

requirements of wheat crop in wheat-growing zones all over Pakistan. The study applies 

RCP 4.5 and RCP 8.5 over two future time-slices, i.e. near-century and mid-century using 

the CORDEX datasets. 

 

Daily mean temperature significantly affects phenology and grain yield of spring wheat. 

An increase in temperature is expected to shorten the crop lifecycle and lowering grain 

yields as a result of faster accumulation of GDDs in wheat crop. Studies indicate that 

temperatures in the southern part of Pakistan have shown to exceed the thresholds at the 

times of flowering and ripening. An overall increase of 1000 Growing Degree Days 

(GDDs) between past and mid-century extreme scenarios (RCP8.5) has been observed 

in case of wheat, implying that southeastern side of Pakistan is likely to become 

unsuitable for wheat production due to temperature extremes in future.  

 

 
 

Figure: Spatial mapping of seasonal GDDs over Pakistan for control, F1 (near century) 

and F2 (mid-century) for RCP 4.5 and RCP 8.5 contribution during the season. 

 

An urgent response is required to help combat heat stress in cereal crops in order to 

ensure sustainability in food security. It requires high-quality research and policy planning 

for adopting to local scale, nationally oriented and forward-looking climate-smart practices 
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and well-suited adaptation strategies, for resilient agriculture. Based on our study results, 

it is suggested that strategies like bringing more area under cultivation in North-Western 

and Mid-Western sides of Pakistan, considering multi-cropping and terracing options, 

early planting to avoid heat stress, and developing drought tolerant and heat resistant 

varieties can be wise options to minimize climate change impacts on wheat crop in 

Pakistan. 

iii) Analysis of future warming extremes impacting crop growth stages in 

wheat  

An analysis of future warming extremes (Consecutive Summer Day Index (CSU), 

impacting critical crop growth stages of wheat crop in Pakistan was also done. The study 

reports that Consecutive summer day index CSU. CSU 32 is consecutive 5 or > days of 

daily maximum temperature occurrences. 32 degrees is the threshold/upper limit in wheat 

during flowering, while threshold of 36 degrees was taken for ripening, beyond theses 

temperatures yield losses occur. It is evident from Observed data that South Eastern side 

of Pakistan is most vulnerable for flowering and ripening stages of Wheat Crop due to 

consecutive heat days. 

 

 
Figure: Consecutive Summer Day Index at Flowering at flowering stage of wheat 
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Figure: Consecutive Summer Day Index at Ripening stage of wheat 

 

iv)  Under predicted climate change: Distribution and ecological niche 

modelling of six native tree species in Gilgit-Baltistan, Pakistan 

This study presents the tree species distribution and habitat suitability maps in Gilgit-

Baltistan, Pakistan at 1 km spatial resolution. This study is based on bioclimatic and 

topographical variables and 440 samples of six native trees species: Abies 

pindrow, Betula utilis, Cedrus deodara, Picea smithiana, Pinus wallichiana, and Quercus 

ilex. Data is collected through field survey. Exclusively for each tree species, a 

multicollinearity test was performed among 24 independent or environment variables (21 

bioclimatic and 3 topographic). The highly correlated independent variables (r ≥ 0.9, 

Pearson correlation coefficient) were eliminated from the independent variables list. In 

this study, we employed the Maximum Entropy (MaxEnt) model to produce current (2015–

2016) as well as RCP4.5 and RCP8.5 climate-change scenarios by 2050 for tree species 

spatial distribution results. The jackknife test was carried out to depict the importance of 

variables with the highest gain and it was observed that overall elevation, precipitation, 

and temperature are the factors with the highest gain. The results of the MaxEnt model 

for each tree species were satisfactory with ROC (receiver operating characteristic) AUC 

(area under the curve) curve training and testing values greater than 0.9 and 0.84 

respectively. Based on 10-percentile training presence threshold-dependent values, the 

overall accuracy of True Skill Statistics (TSS) was more than 80%. The maximum area 

coverage of all tree species existed under “inadmissible natural surroundings (0–0.2 

probability)” and least area fell under “exceptionally appropriate environment (0.6–0.7 

probability)” to “profoundly reasonable living space (0.7–1.0 probability)”. A tree species 
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diversity map prepared through equal weighted average overlay analysis, using all six 

developed tree species probability outputs. The field observation might possess certain 

limitations because it was difficult for the field crew to access the areas with rough terrain, 

long distances, harsh weather conditions, and locations of forest in steep, narrow valleys. 

Overall, this study contributes to enlarge tree species distribution research datasets 

applicability in Pakistan and over the Hindu Kush Himalayan (HKH) mountains region. It 

may also provide interesting insight, which could be used for the habitat corridor suitability 

modelling of endangered species, and ground intervention to protect and expand tree 

species distributions. 

v)  Emission profile of Pakistan’s agriculture: past trends and future 

projections 

Reducing greenhouse gas (GHG) emissions is a global concern after Paris Agreement 

(PA). Identifcation of GHG emission sources and accurate and precise estimation of the 

corresponding emissions is the frst step to meet reduction targets under PA. Increasing 

share of agricultural emissions in the global concentration has raised concerns on this 

sector. Now, reducing agricultural emissions without compromising food security is a real 

challenge. The present study was aimed to provide the current emission profle of 

Pakistan’s agriculture, historical emission trends and future projections under agricultural 

growth scenarios according to prescribed guidelines of Intergovernmental Panel on 

Climate Change (IPCC) for national GHGs inventory development. In this study, GHG 

emissions were estimated using United Nations Framework Convention on Climate 

Change (UNFCCC) Non-Annex-I Inventory Software (NAIIS), version 1.3.2 as per 

prescribed Revised 1996 IPCC Guidelines. In these emission estimations, tier-1 approach 

(which employs default emission factors) was used in accordance with national 

circumstances and data availability in the country. The emissions baseline was projected 

for 2030 under business as usual (BAU), food security (FS) and enhanced consumption 

pattern (ECP) scenarios. Agriculture sector emitted 174.6 million tons (Mt) of carbon 

dioxide equivalent (CO2-equivalent) emissions, of which 89.8 Mt is methane (CH4) and 

83.7 Mt is nitrous oxide (N2O). Carbon monoxide (CO) emissions were found to be 1.07 

Mt of CO2-equivalent. Emission from agricultural soils constituted 45.5% of the total 

agricultural emissions followed by 45.1% from enteric fermentation and 6.5% from 

livestock manure management. The rest of 1.7% of the emissions were from rice 

cultivation followed by 1.1% from burning of crop residue.  
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Figure: Sub-sectoral emissions from agriculture sector (Mt of CO2-equivalent) 

Historical emission trends showed that the agricultural emissions grew from 71.6 to 174.6 

Mt of CO2-equivalent from 1994 to 2015, a 143.8% increase over the period of 21 years. 

Emissions baseline projections were found to be 271.9, 314.3 and 362.9 Mt tons of CO2-

equivalent under BAU, FS and ECP scenarios, respectively (Fig.5) . 

 

Figure: Overall agricultural emissions under BAU, FS and ECP Scenarios 
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vi)  Mapping and Monitoring of Glacier Lake Outburst Flood (GLOF) Using 

Geospatial Modeling Approach of Darkut Valley, Pakistan 

Climate change and human activities have resulted in the receding of glaciers throughout 

the world including Pakistan. Glacier lake outburst floods (GLOFs) are amongst the most 

common climate-change-induced hazards in northern Pakistan. In the present study, 

GLOF mapping and modelling was carried out using remote sensing and geographical 

information system techniques coupled with ground-truthing. The study aimed to assess 

and analyze the dynamics of glacial lakes and to develop a model of possible GLOFs 

using RS and GIS technology coupled with HEC-RAS and field assessments and 

surveys. The objectives of the study were (a) to analyze temporal changes in the glacial 

lake using time series (1991–2015) RS data (Landsat) and (b) to develop GLOF scenarios 

and identify downstream inundation zones. The depth of the lake was estimated to be 81 

m and the volume of the lake was calculated using a digital terrain model and extracted 

as 9.79 × 106 m3. The glacial lake extent has increased from 0.045 to 0.154 km2 in the 

last two decades. Two GLOF scenarios (peak and extreme flood) were developed on an 

existing volume of water in the study. There are 14 households exposed to medium flood 

and 10 to low flood risk while one helipad and one school are also in the low flood zone 

in the first scenario (i.e. peak flood) based on 87.84 m3. s−1 of water (Table Below). The 

second scenario (i.e. extreme flood) was executed on 3,128 m3. s−1 of water, in which 14 

households are at high flood risk, eight at medium and 35 in a low flood zone, as well as 

one school, a helipad and a community stockpile which are exposed to low flood (Table 

Below). The outcomes of the study will help in the development of risk management plans, 

preparedness strategies and risk reduction from GLOF hazard. 

Table: Elements at Risk of Peak (P) and Extreme (E) GLOF 

Settlement 
Facilities 

Name 

High 

(P) 

High 

(E) 

Medium 

(E) 

Medium 

(E) 

Low 

(P) 

Low 

(E) 

Darkut 

Helipad 0 0 0 0 1 1 

House 0 14 14 8 10 35 

School 0 0 0 0 1 1 

Stockpile 0 0 0 0 0 1 

Total 0 14 14 8 12 38 

vii) Monitoring Agricultural Drought Using Geospatial Techniques; A Case 

Study of Thal Region of Punjab, Pakistan 

Thal region of Punjab experiences often dry weather conditions with extreme variability 

in rainfall at spatiotemporal scale during Rabi cropping season. The current study 

assesses the impacts of agriculture drought on wheat crop for 2000-15. The main 

objectives of the study are: (i) To develop drought risk map based on meteorological (SPI) 

and vegetation indices for selected period (dry and wet period over Thal region); (ii) To 

develop relationship between meteorological and vegetation indices to shows the impacts 
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of meteorological variable (SPI and rainfall) on wheat crop yield in Thal region for selected 

period and (iii) to develop a combined drought risk map. The results indicate that the 

wheat Rabi cropping seasons of the years 2000–02 experienced extreme agricultural 

drought, with a spatial difference in severity level caused low and poor yield, while the 

years 2011 and 2014 were almost normal among all the years leaving varied impacts on 

wheat yield. The combined agricultural risk map (Figure below) was generated by 

integrating the agricultural and meteorological droughts severity maps. The combined risk 

map generated using weighted overlay analysis of all the parameters indicate that total 

Thal area can be classified into slight, moderate and no drought covering 28.12%, 

12.76%, and 59.12% respectively of the total area.  

 

Figure: Overall Agricultural Drought Map 

viii) Modeling and Monitoring Wheat Crop Yield Using Geospatial 

Techniques: A Case Study of Potohar Region, Pakistan  

In countries like Pakistan, whose economy greatly depends on agriculture and 

predominantly crop production, the estimation of crop yield before harvesting is very 

important. The objective of the study is to evaluate the possibility of MODIS derived 

vegetation indices using GIS & RS to estimate pre-harvest wheat yield in the Potohar 

region, Pakistan. Results interpret that overall the percentage average difference 

between the actual and predicted yield was within -1.986%. The average % difference 

between actual yield and predicated yield for Rawalpindi, Jhelum, Chakwal, and Attock 

are -0.46, -4627, -0.741 and -2.116 respectively. Average RMSE and MAE values ranged 

from 34.28 to 76.50 kg/ha and 108.09 to 129.99 kg/ha respectively. The MBE vale ranged 

from 7.20 to 62.80 kg/ha. The results concluded that accurate wheat yield predication can 

be made almost two months before harvesting using geospatial techniques along with the 

statistical modeling approach. 
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ix) Assessing Crop Water Requirements in wheat crop under Channing 
Climate 

Water is central to crop production. While climate changes are negatively affecting crop 
production though reduction crop yields, altering the cropping cycle and increasing the 
crop water demand. In order to quantify the impact of climate change on net irrigation 
requirements of various field crops a set of studies has been initiated in the Agriculture 
Section. Under this program the crop water requirements for five major crops will be 
estimated in different cropping zones of the country and future water demands will be 
assessed. One of the study ‘Climate Change Implications for Wheat Crop in D.I.Khan’ 
was published in 2017. Work on the study of wheat water requirements on Bahawalpur 
and Faisalabad.  

The study reports that a significant increase in CWR of Wheat has been observed over 
both selected sites. It is also noted that semi-arid climatology is more affected by climate 
change as compared to arid. The CWRs of wheat will increase by 3.01% and 6.86% in 
Faisalabad and by 2.46% and 5.64% in Bahawalpur for RCPs 4.5 and 8.5, respectively. 
Semi-arid climatic conditions will suffer more in terms of increased NIR as compared to 
arid climatic conditions. The net irrigation requirements will increase by 5.49 % and 10% 
in Faisalabad district and by 2.41% and 5.86% in Bahawalpur for RCPs 4.5 and 8.5. 
Effective rainfall patterns showed a decline of 9.79% and 10.07% in Faisalabad, over all 
the selected future time series for both RCPs 4.5 and 8.5 respectively while in Bahawalpur 
overall effective rainfall increased by 3.16% and 2.81% against RCPs 4.5 and decrease 
against RCPs 8.5. There has been an inverse relationship between Net irrigation 
requirements and effective rainfall over selected sites for all the future time series and 
selected RCPs 4.5 and 8.5. The paper is currently in the process of review.  
 

New Initiatives: 

 Projected future food security analysis (District-wise) for Short, Medium and Long term 

for policy actions and identification of vulnerable hotspots of agriculture using 

transdisciplinary and holistic approaches (integrated modelling studies  

 Assessment of Prospects of high value crops in Pakistan under changing climate 

 Assessment of Crop Water requirements under the Changing Climate conditions and 

based on the findings propose policy options to revisit Cropping Patterns in view of 

the Food and Water Security. 

 To conduct research on state of the art Climate Smart Agriculture techniques 

as to provide Research Based Climate Solutions in the form of viable adaptation 

options translated into simplified guidelines to relevant agencies for onward transfer 

to farming communities 

 Redefining the Agro-ecological Zones in the context of historical and anticipated 

climatic changes; 

 Assessment of climate change impacts on livestock production, adaptation and 

mitigation strategies 
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Greenhouse Gas Inventories 
 

As per Article 4, paragraph 1 (a), and Article 12, paragraph 1(a) of the United Nations 

Framework Convention on Climate Change (UNFCCC), all non-Annex I Parties are 

required to communicate to the Conference of the Parties a national inventory of 

anthropogenic emissions by sources and removals by sinks of all greenhouse gases 

(GHGs) not controlled by the Montreal Protocol, to the extent its capacities permit, 

following the guidelines contained in annex to decision 17/CP.8. I. Realizing the 

importance of GHG inventories for national planning and submission to UNFCCC, GCISC 

started its work in 2012-13 and so far three inventories have been prepared by the Centre 

using IPCC guidelines.  

 

i. GHG Inventory 2012 

National GHG inventory 2012 was prepared using UNFCCC Non-Annex I National 

Greenhouse Gas Inventory Software, Version 1.3.2 in accordance with Revised 1996 

IPCC Guidelines which employs Tier-1 approach using default emission factors of 

Revised 1996 IPCC Guidelines depending on national circumstances and the availability 

of data the country for emission estimation. The main data sources used in this inventory 

are Pakistan Energy Year Book 2011-12, Agricultural Statistics of Pakistan 2011-12 and 

Pakistan Economic Survey 2011-12. The total estimated emissions in terms of million 

tons of CO2 equivalent for the year 2012 shows an increase in total GHG emissions when 

compared with inventories of 1994, 2008, and 2012. The total estimated GHG emissions 

for the year 2012 are 369 million tons of CO2 equivalents with 45.9% share of Energy 

sector, 44.8% share of Agriculture, 3.9% share of Industrial Processes, 2.8% share of 

Waste and 2.6% share of LUCF sector 

 

 

Figure: CO2-equivalent emissions in 2012 (Mt) 
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ii. GHG Inventory 2015 

National GHG inventory 2015 was prepared as part of the Pakistan INDC Project 

executed by the Ministry of Climate Change (MoCC) through GCISC. This report presents 

the inventory of Pakistan for the year 2014–15 (herein called as 2015). UNFCCC Non-

Annex I National Greenhouse Gas Inventory Software, Version 1.3.2 has been applied 

for the preparation of this inventory in accordance with Revised 1996 IPCC Guidelines 

which employs Tier-1 approach using default emission factors of Revised 1996 IPCC 

Guidelines depending on national circumstances and the availability of data the country 

for emission estimation. The main data sources used in this inventory are Pakistan 

Energy Year Book 2014-15, Agricultural Statistics of Pakistan 2014-15 and Pakistan 

Economic Survey 2015-16. The total estimated emissions in terms of million tons of CO2 

equivalent for the year 2015 shows an increase in total GHG emissions when compared 

with inventories of 1994, 2008, and 2012. The total estimated GHG emissions for the year 

2015 are 406.5 million tons of CO2 equivalents with 45.3% share of Energy sector, 42.9% 

share of Agriculture, 5.4% share of Industrial Processes, 3.9% share of Waste and 2.6% 

share of LUCF sector. 

 

Figure: GHG Emissions 2014-15 (Mt Co2 Eq.) 
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iii. GHG Inventory 2018 

In the light of Katowice decision, National GHG Inventory of Pakistan based on the latest 
data sets available as part of the Pakistan BUR1 Project executed by the Ministry of 
Climate Change (MoCC) through GCISC has been prepared using IPCC 2006 
Guidelines. This report presents the inventory of Pakistan for the year 2017-18 (herein 
called as 2018). This is third such effort by the Centre.  

 
IPCC 2006 Guidelines have been used. The inventory includes four sectors viz. Energy 
including Transport; Industrial Processes & Product Use (IPPU), Agriculture, Forestry & 
other Land Use (AFOLU) and Waste. The activity data have been taken from Pakistan 
Energy Year Book (2017-18), Economic Survey of Pakistan (2019), Agriculture Statistics 
of Pakistan (2017-18), State of Industries Report (2018), FAO Stat 2018, FAO 2020 
Pakistan Forestry Sector Review, FAO-Smog Report (2019) Country Report of Pakistan, 
Food and Agriculture Organization (FAO) of United Nations, National Forest and 
Rangeland Resource Assessment Study (NFRRAS 2004). Peshawar: Pakistan Forest 
Institute, Government of Pakistan and Supply & Demand of Fuel Wood & Timber for 
Household & Industrial Sectors & Consumption Pattern of Wood & Wood Products in 
Pakistan (2003-2004) called as Maanics Report (2004), OIGF, Ministry of Environment, 
Islamabad. 

The total estimated emissions in terms of million tons of CO2 equivalent for the year 2018 
shows an increase in total GHG emissions when compared with the previous (1994, 2008, 
2012 and 2015) inventories. The total estimated GHG emissions for the year 2018 are 
489.87 million tons of CO2 equivalents with i) Energy sector contributing (218.95), ii) 
Industrial processes (25.76), iii) Agriculture, Forestry and Landuse (223.45) and v) Waste 
(21.72) MtCO2 equivalent, respectively. 

Table: Summary of Greenhouse Gas Emissions (2017-18) 

Sectors Sub-Sectors Emissions  
(Mt CO2 Eq) 

Total 
Emissions  
(Mt CO2 Eq) 

Energy  Energy Industries 43.40 218.94 

Manufacturing Industries and Construction 66.20 

Transport  51.34 

Others (commercial, residential & 
agricultural)  

44.06 

Fugitive Fuel emissions  3.94 

Industrial 
Processes and 
Product Use 
(IPPU)  

Mineral industry 22.75 25.76 

Chemical Industry  2.71 

Non Energy Fuel and Solvent use product 0.10 

Others (paper & pulp, Food 7 beverages)  0.20 

Agriculture, 
Forestry and 
Other Land use 
(AFOLU)  

Livestock 109.12 223.45 

Land  31.52 

Managed Soils  74.98 

Rice Cultivation 7.83 

Waste Solid Waste Disposal 10.23 21.72 

Waste incineration and open burning  0.9 

Wastewater treatment and discharge  11.90 

Total Emissions 489.87 



36 
 

2019 Refinement to IPCC 2006 Greenhouse Gas Inventories Guidelines 

Based on the decision of Task Force Bureau, Taskforce on National Greenhouse Gas 

Inventories (TFI) conducted a technical assessment of IPCC 2006 GHG-I guidelines.   

 

The technical assessment revealed that there has been abundant new scientific and 

empirical knowledge published since 2006 which the IPCC should consider, particularly 

with respect to data for emission factor development for some categories and gases. 

Consequently, the necessity and usefulness of refining the current methodological 

guidance (e.g. updating default emission factors) was recognized by TFB and refinement 

process was started by selecting the Coordinating Lead Authors, Lead Authors, 

Contributing Authors and Reviewers. 

 

Two GCISC scientists (namely Muhammad Arif Goheer, Head-Agriculture, Forestry & 

Land Use and Muhammad Ijaz, SSO) contributed to the Voulmes on Agriculture, Forestry 

& Land Use and Waste Sectors respectively. The emission coefficients have been revised 

and the new methodologies on estimation of emissions have been reported.  

Establishment of MRV System for GHG Inventories 

Through its Article 13, the Paris Agreement established a framework of enhanced 

transparency (ETF) to regularly measure the progress made by countries to strengthen 

the global response to the threat of climate change. The purpose of the framework for 

transparency of action is to provide a clear understanding of climate change action in the 

light of the objective of the Convention as set out in its Article 2, including clarity and 

tracking of progress towards achieving Parties' individual nationally determined 

contributions under Article 4, and Parties' adaptation actions under Article 7, including 

good practices, priorities, needs & gaps, to inform the global stock take under Article 14.  

 

The objective of the new international adopted framework is to enable the implementation 

of mitigation, adaptation and support actions as well as their monitoring over time. This 

monitoring will be reported on a regular basis as part of the BTR (Biennial Transparency 

Report) which will replace the BUR (Biennial Updated report) by 2025. In this context, the 

inventory of GHG emissions as well as the action monitoring indicators are essential for 

the monitoring and confidence of the international community.   

Within this framework, Pakistan is a signatory Party to the Paris Agreement, and Ministry 

of Climate Change (MoCC) is the official governing representative of Pakistan for the 

implementation and compliance of the reporting to the UNFCCC.  In this context, the 

Global Change Impact Studies Centre (GCISC) is developing a web based platform for 

the MRV of GHGs.  
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Remote sensing for spatio-temporal mapping of smog in Punjab and identification 

of the underlying causes using GIS techniques (R-SMOG) 

GCISC contributed to study which was launched by FAO Pakistan to investigate the 

underlying causes of Smog in Punjab and its relation to crop residue burning. The report 

The study clearly demonstrated that seasonal climatology plays a vital role in transport of 

different kinds of air pollutants affecting day to day human activities.  HYSPLIT model 

based findings indicated that buildup of anthropogenic aerosols mainly has been taking 

place in winter (December, January, February, March) and post-monsoon (October, 

November) for which region wise point source locations were identified. It was found that 

65 % of the sources were detected within Pakistan.  Secondly, sectoral contribution of 

pollutants (NOx, SOx, PM2.5, CO, and NMVOCs) based on the data of last 10 years 

(2008-17) was determined using IPCC methodologies. The outcomes demonstrate the 

transport sector as biggest contributor (43%) in total air pollutants emission in Punjab 

while the rice residue burning adds just 20%. Besides, Industry and Power sectors holds 

25% and 12% respectively. Overall, the energy sector occupies 80% of the total air 

pollutants emissions in Punjab. The emissions of NOx, being main pollutant responsible 

for smog formation, are highest from transport sector (58%). Industry, and Power 

collectively holds 34% share in NOx emissions while rice residue burning is just at 9%.%). 

The key recommendations of the above said study for the reduction of air pollutant 

emissions are based mainly on the analysis performed at GCISC. The key findings are 

shown in Figure. 
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Climate Change Communications 

National communications are the reports that each Party to the Convention prepares 

periodically in accordance with the guidelines developed and adopted by the Conference 

of the Parties (COP). Pakistan ratified the United Nations Framework Convention on 

Climate Change (UNFCCC) in June 1994 and was among the first South Asian countries 

which realized the need to control the anthropogenic contribution to global climate change 

and need to respond effectively to its adverse impact. Under Article 4(1) of the UNFCCC, 

each party is required to submit, periodic, ‘National Communications reporting inter alia 

an inventory of Greenhouse Gas (GHG) emissions by sources and removals by sinks, a 

general description of measures taken or envisaged to implement the Convention, and 

any other information considered relevant to achieving its objectives’. Pakistan submitted 

its Initial National Communication (INC) in 2003. 

Pakistan’s 2nd National Communication: 

 

The project ‘Pakistan: enabling Activities for the Preparation of Pakistan’s Second 

National Communication (SNC) under United Nations Framework Convention to Climate 

Change’ funded by UNEP was awarded to Ministry of Climate change. GCISC provided 

key contribution to this report. The report provides a detailed stock of information on the 

aforementioned aspects from 2004 onwards, national vulnerabilities, action and 

strategies to combat the climate change challenge. The report was submitted to UNFCCC 

by Ministry of Climate Change in August 2020 and can be assessed at the UNFCCC 

website.  

 

Pakistan’s First Biennial Update Report (BUR1) 

 

BURs are reports to be submitted by non-Annex I Parties, containing updates of national 

Greenhouse Gas (GHG) inventories, including a national inventory report and information 

on mitigation actions, needs and support received. Such reports provide updates on 

actions undertaken by a Party to implement the Convention, including the status of its 

GHG emissions and removals by sinks, as well as on the actions to reduce emissions or 

enhance sinks. Ministry of Climate Change is implementing Project on 'Preparation of 

Pakistan First Biennial Update Report (BUR1) under United Nations Framework 

Convention on Climate Change (UNFCCC), with financial support from Global 

Environment Facility (GEF) through United Nations Environment. GCISC has been 

assigned to contribute to the chapters on Greenhouse Gas Inventory, National 

Circumstances, Information on domestic Measurement, Reporting & Verification and 

Information of Technical support needs and provided. The report is in the final stages of 

its submission to the UNFCCC. 
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Nationally Determined Contributions (NDCs) 

 

The Paris Agreement (Article 4, paragraph 2) requires each Party to prepare, 

communicate and maintain successive nationally determined contributions (NDCs) that it 

intends to achieve. Parties shall pursue domestic mitigation measures, with the aim of 

achieving the objectives of such contributions. Nationally determined contributions 

(NDCs) are at the heart of the Paris Agreement and the achievement of these long-term 

goals. NDCs embody efforts by each country to reduce national emissions and adapt to 

the impacts of climate change.  

Pakistan’s First NDC: 

In fulfillment of the aforementioned obligation, a study regarding Pakistan’s Intended 

Nationally Determined Contribution (INDC), to be submitted to UNFCCC before the start 

of COP-22, was initiated by Ministry of Climate Change in June 2016. GCISC was 

declared its secretariat. GCISC contributed to this NDC study by preparing the GHG 

inventory for the year 2014-15 and providing other technical inputs and collaborative 

support for the study. Pakistan’s 1st NDC document was submitted to UNFCCC in Nov. 

2016 which commits to reduce up to 20% of its 2030 projected GHG emissions, subject 

to the availability of international support. The document is available at UNFCCC website.  

NDC Revision Process: 

Under the PA, countries revise their NDCs every five years to cut GHG emissions to limit 

Earth's temperature rise and implement solutions to adapt to the effects of climate 

change. The updating of NDCs presents countries with significant opportunities to align 

their climate and development agendas to promote sustainable growth, but also presents 

challenges in reinventing policies and operations and mobilizing enough investment. 

Ministry of Climate Change initiated the NDC revision process in 2020. GCISC is 

contributing to the revision process and has been declared as the Secretariat.  
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Scientific Achievements (2013-21) 

 Performance Indicators 
Achievements 2013-20 

2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 

Scientific Contribution Presentation 

in International Conferences and 

Workshops (Nos) 

18 4 17 16 32 23 19 25 

Scientific Contribution Presentation 

in National Conferences and 

Workshops (Nos) 

18 5 23 35 41 32 32 40 

Technical Research Report (Nos) 2 5 6 4 9 8 6 10 

Research papers in International 

National Journals & book (Nos) 
10 12 7 13 11 14 24 20 

Books, Monographs and published 

proceedings of important 

Conferences and Workshops (Nos) 

2 2 3 6 8 5 4 10 

Organization of Scientific Activities 

at international / National level 

(Nos) 

2 5 4 6 8 6 5 10 

Effort on capacity building of 

GCISC  scientists through 

academic and specialized trainings 

& participation in conferences, 

workshops at International level 

(Nos) 

16 10 16 10 13 14 19 20 

Effort on capacity building of GCISC 

young scientists through academic 

and specialized trainings and 

participation conferences, 

workshops etc at National Level 

(Nos) 

65 53 61 35 68 62 89 80 

Details of achievements attached as Annex-IV. 
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Salient Achievements and Contributions to National Efforts: 

 

• GCISC has got the status of Intergovernmental Panel on Climate Change (IPCC) 
observer in October 2017. GCISC is the 1st organization in Pakistan to get this 
status. 

• One GCISC Scientist elected as the Chair of the UNFCCC’s Consultative Group 
of Experts (CGE) 

• Contributions of GCISC’s scientists in prestigious IPCC, UNEP, WMO, ICIMOD 
reports as Contributing Authors. Review Editors and Reviewers/  

• Got the membership of IUCN in January 2018 

• Preparation of National GHG-Inventories (2011-12, 2014-15 & 2017-18) 

• Collaborative Climate Change Related Research Studies with National/ 
International Research Institutes and Universities;  

• Contributions to National Climate Change Policy & other Sectoral Policies; 

• Contribution to Framework for the Implementation of Climate Change Policy; 

• Preparation of Pakistan-Nationally Determined Contributions 2016;  

• Preparation of Pakistan’s Second National Communication (SNC) 2019; 

• Preparation of Pakistan’s 1st Biennial Update Report (BUR1), 2021 

• Revision of Pakistan’s Nationally Determined Contributions (ongoing)  
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Research Projects 

1. Contributing to GCF Project on “Transformation of the Indus Basin with the 
Introduction of Climate Resilient Agriculture and Sustainable Water Management" 
managed by FAO, Pakistan. 

2. Strengthening of Monitoring, reporting and Verification System for Greenhouse Gas 
Inventories in Pakistan 

3. Establishment of Adaptation tracking platform in agriculture sector in Pakistan  

4. Pak-BUR1: Pakistan’s First Biennial Update Report on climate change project under 
United Nations Framework Convention on Climate Change (UNFCCC) by Ministry of 
Climate Change (MoCC), Government of Pakistan 

5. APN Project: Towards robust projects of climate extremes and adaptation plans over 
South Asia (participation countries- Bangladesh, China, Nepal and Pakistan as Lead) 

6. FWO: GLOF and Climate Change Risk and Vulnerability Assessment Study for FWO 
Hydropower Projects in Chitral; 

7. Pak-SNC (2017-19). Pakistan’s Second National Communication (Pak-SNC) on 
climate change project under United Nations Framework Convention on Climate 
Change (UNFCCC) by Ministry of Climate Change (MoCC), Government of Pakistan; 

8. FAO (2018/19): Development of Food Security and Nutrition Information System 
(FSNIS)/Food Security Monitoring System (FSMS) for Pakistan; 

9. FAO, R-SMOG Project (2018/19): Remote sensing for Spatio-temporal mapping of 
smog in Punjab and identification of the underlying causes using GIS techniques (R-
SMOG); 

10. FAO (2018): Project on the Preparation of Background papers for GCF project 
proposal ‘Transforming of the Indus Basin with the Introduction of Climate Resilient 
Agriculture and Sustainable Water Management’ awarded to GCISC by Food and 
Agriculture Organization (FAO), Pakistan; 

11. LEAD-Pak (2018): Understanding Joint Water-Climate Change Challenge and 
Exploring Policy Options for Cooperation on the Afghan-Pak Transboundary Kabul 
River Basin; 

12. CfRN-RRR+ (2017-18): Strengthening of GHG inventory for Agriculture, Forestry and 
Land Use (AFOLU) Sector under Coalition for Rainforest Nations (CfRN) technical 
support under reporting for Results Based REDD+; 

13. Lead- Pak (2017) Understanding our Joint Water-Climate Change Challenge and 
Exploring Policy Options for Cooperation on the Afghan-Pak Transboundary Kabul 
River Basin  

14. LEAD-Pak (2017): Using water resources systems analysis to guide transboundary 
Kabul River water partnership; 

15. APN Project (2017-18):  Improving Skills for Promoting Sustainable Watershed 
Management Practices in South Asia. 
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16. Pak-INDC (2016/17): Preparation of Pakistan’s Intended Nationally Determined 
Contributions to the 2015 agreement under United Nations Framework convention 
on Climate Change with the support of United Nations Environment programme. 

17. APN Project: Climate smart agriculture through sustainable water use management: 
Exploring new approaches and devising strategies for climate change adaptation in 
South Asia (CAF2015-RR12-NMY-Shaheen). Participating countries: Pakistan, 
Bangladesh, Sri Lanka and Cambodia. Lead Organization: GCISC, Pakistan 

18. APN Project: Runoff scenario and water based adaptation strategies in South Asia 
(2013-2015). Participating countries: Pakistan, Bangladesh Nepal and India. Lead 
Organisation: The Small Earth Nepal (SEN), Nepal. 

19. APN Project: Assessment of Food and Water Security in South Asia using Crop 
Simulation and Water Management Model, and appropriate strategies to meet future 
demand (2008-2013). Participating countries: Pakistan, Bangladesh and Sri Lanka. 
Lead Organisation: GCISC, Pakistan. 

20. Assessing Spatiotemporal Variability of NPP, NEP and Carbon Sinks of Global 
Grassland Ecosystem in Response to Climate Change in 1911-2011 (2013-2015). 
Participating countries: Pakistan, Uzbekistan, Mongolia and China. Lead 
Organization: Nanjing University, China. 
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Collaborations: 
 
International: 
 

 Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 
 Technical Reference Center for Air Pollution and Climate Change (CITEPA) – 

France  
 Ev-K2-Italian National Research Council (EvK2CNR) - Italy 
 Asia-Pacific Network for Global Change Research (APN) – Japan 
 The Abdus Salam International Centre for Theoretical Physics (ASICTP) – Italy 
 International Institute for Applied Systems Analysis (IIASA) – Austria 
 The International Centre for Integrated Mountain Development (ICIMOD) – Nepal 
 Newcastle University – UK  
 Natural Resources Management Centre (NRMC) – Sri Lanka  
 University of Utah – USA  
 Centre for Environmental and Geographic Information Services (CEGIS) – 

Bangladesh 
 Department of Hydrology and Meteorology (DHM) – Nepal  
 Institute of Atmospheric Physics, Chinese Academy of Sciences (IAP-CAS) - 

China 
 
National: 
 

 Pakistan Meteorological Department (PMD) 

 Water and Power Development Authority (WAPDA) 

 Pakistan Agricultural Research Council (PARC) 

 University of Agriculture, Faisalabad 

 Pakistan Council for Research in Water Resources (PCRWR) 

 National University of Science and Technology (NUST) 

 Pir Mehar Ali Shah University of Arid Agriculture, Rawalpindi (PMAS-UAAR) 

 National Institute of Health (NIH) 

 Federal Flood Commission (FFC) 

 Sustainable Development Institute (SDPI) 

 Higher Education Commission (HEC) 

 Karakoram International University (KIU) 

 University or Peshawar (UoP) 

 Lahore University of Management Sciences (LUMS) 

 Mehran University of Technology,  

 Balochistan University of Information Technology, Engineering and Management 

Sciences (BUITEMS) 

 University of Azad Jammu and Kashmir 
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Collaborative Climate Change Related Research Studies: 
 
GCISC has conducted /is pursuing collaborative climate change related studies with 
various Universities and Research institutions on the aspects of  
 

(a) future scenarios in Pakistan for different degrees of global warming (i.e., 1.5 
degrees, 2 degrees, 3 degrees, etc.); 

(b) Action on Pakistan’s INDC’s consistent with national goals and objectives;  

(c) disaster management under the impact of climate change;  

(d) climate finance; and  

(e) from climate policy to implementation.  

 
In the context above, following studies with twenty (20) institutes have been carried out. 
 
List of Studies under University Consortium: 
 

TITLE OF STUDY INSTITUTION 

Identification of shifts in cropping patterns under 2 °C scenario 
UAF-USPCAS-
AFS 

Obstacles  to the adoption of climate friendly technologies in the 
farmer fields and possible solutions 

UAF-USPCAS-
AFS 

Renewable Energy Technology Manufacturing Status in Pakistan and 
Future Road Map for Global Competitiveness 

NUST 

Quantification of the Impact of Climate Change on Electric Power 
Sector of Pakistan 

NUST 

Prospects of Renewable Energy in Pakistan to Meet INDC 
Commitments 

NUST 

Coping with the reducing water availability in the Indus Basin of 
Pakistan through changes in the Cropping Pattern 

PCRWR 

Re-allocation of water allowance in the irrigated area of Indus Basin 
under changing cropping pattern and climate 

PCRWR 

Energy Efficiency in Public Transport for City of Karachi, Pakistan NED KHI 

A Strategy of Enabling Pakistan's Construction Industry to Climate 
Friendly Buildings 

NED KHI 

Climate Change Impacts on the local Ecosystems of Kashmir 
Himalayas 

University Of 
AJ&K 

Payments of ecosystem services (for global. Regional and local 
scale) for AJK forests 

University Of 
AJ&K 

Hydrological information collection for improved agricultural water 
management as an enabler for broader climate informatics 

LUMS 

Assessment of Climate Change Impacts on rain-fed cropping 
systems under 2 °C scenario 

PARC 
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Assessment of Climate Change Impacts on insect-pest proliferation 
in cotton-based cropping systems of Pakistan 

PARC 

Assessment of Climate Change Impacts on livestock production, 
adaptation and mitigation strategies 

PARC 

Climate Change and Future Climate Extremes & Rainfall Variability PMD 

Cost and benefit analysis of the Indus water supply to Quetta project BUITEMS 

Future drought risk and adaptive capacity in Balochistan (including 
role of 100 dams project and CPEC) 

BUITEMS 

Groundwater management and solar energy nexus in Balochistan BUITEMS 

Spatio-temporal analysis of variation in soil salinity levels in the Indus 
delta using field and remote sensing data 

MUET 

Developing a linkage/relation of the current soil salinity profiles 
(observed spatially and vertically using state of the art field 
equipment/instruments) with the changes in freshwater supplies 
downstream of Kotri 

MUET 

Coastal area inundation under different sea level rise scenarios and 
estimation of associated environmental/economic loss 

MUET 

Study on the potential distribution of tree species and shifting of the 
tree species lines based on future climate change scenarios 

IST 

The health impacts of heatwaves over different regions of Pakistan / 
identification of vulnerable regions in Pakistan to heatwaves 

NIH 

The impacts of future climate changes in temperature on the 
movement of disease vector 

NIH 

To evaluate the health vulnerability to climate change and capacity of 
the public health system to cope with epidemics 

NIH 

Impact of debris cover thickness and temperature variations on 
glacier melting (in relation to Karakoram Anomaly) in the Upper Indus 
Basin 

YU 

Prospects of crop production in the mountainous ecosystems under 
changing climate 

KIU 

Climate induced disasters: community-based response to GLOFS KIU 

Spatiao-temporal dynamics of greenhouse gas emissions from soils 
under various forest types of Pakistan 

PMAS-UAAR 

Development of database to submit Forest Reference Emission 
Levels (FRELs) for implementing REDD+ in Pakistan 

PMAS-UAAR 

Mobilizing climate finance for Pakistan's development agenda PIDE 

Payments of ecosystem services (for global. Regional and local 
scale) for KPK forests 

PIDE 

Assessment of Climate Change Impacts on wheat-rice and wheat-
Miscellaneous cropping systems under 2 °C scenario 

UAF 

Assessment of Climate Change Impacts on high value crops under 2 
°C scenario 

UAF 

Technical Manual on Climate Change Education and Awareness SDPI 
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Linkages of climate change, ELAs and Zero-Degree isotherms in the 
Karakoram Himalayas (selected basins) 

UET Peshawar 

Impact of climate change on small / mini / micro-hydropower 
projects in KP 

UET Peshawar 

Spatio-temporat distribution of degree day factors in the Karakoram-
Himalayas 

UET Peshawar 

 
 

Steps Taken to Coordinate and Share Research 
 
Research Seminars/Workshops/Conferences: 
 

 Weekly research seminar on every Friday is organized at GCISC inviting speakers 

from academia, research institutes, NGOs, community projects’ representatives 

from international, national, provincial and local levels. 

 Seminars for policy makers from national and provincial level  

 Organization of Training workshops, Seminars and special lectures  

 

Organization of Pakistan's largest climate conference  

 

From December 18-20, 2017, GCISC organized the Science Policy Conference 

on Climate Change (SP3C-2017) in Islamabad. For this Conference, GCISC 

partnered with the COMSATS, the Higher Education Commission (HEC), the 

University of Utah - USA, the US-Pakistan Centre for Advanced Studies in Water 

at Mehran University of Engineering and Technology, Jamshoro (USPCAS-W), the 

Pakistan Meteorological Department (PMD), the National Disaster Management 

Authority (NDMA), the Sustainable Development Policy Institute (SDPI), and the 

Heinrich Böll Stiftung (HBS). The Conference was attended by more than 850 

participants representing international and national research organizations, 

academia, government, media, law, parliamentarians and civil society. The 

Conference comprised of 45 technical research workshops arranged in 5 parallel 

sessions covering the themes on Climate Science, Climate & Water, Agriculture & 

Food Security, Impacts & Adaptation and Mitigation & Policy. The purpose of 

research workshops was to provide a platform to young researchers to present 

their latest research findings. Overall, 140 scientific papers were presented in 

these research workshops. In addition to this, roundtables & side events (9 each), 

a poster competition and an exhibition were also part of the SP3C 2017. The 

roundtables and stakeholder side events were chaired by parliamentarians, 

secretaries to Govt. of Pakistan, eminent scientists and academicians. Many well-

known researchers from different universities and research institutions shared their 

knowledge and research findings on the themes mentioned above. 
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Glimpses of SP3C: 
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Capacity Building Workshops/Trainings: 
 

• Capacity building workshops and trainings are organized at GCISC for imparting 

training on the new research techniques, models to the students, researcher and 

academicians from national and subnational level. 

• GCISC also provides resource persons to different research and development 

organisations, universities and community organisations in order to impart 

knowledge and trainings on climate change related issues. 

• Capacity building of provincial agricultural research departments is done by 

engaging/involving as collaborators in international projects. 

• Provided trainings to more than fifty BS/MS level students from various universities 

under GCISC Internship Program (Annex-V). 

 
Surveys/ Field Visits 
 

• GCISC conducts surveys/field visits in collaboration with international, national and 

subnational partners for the preparation of need assessment reports in the context 

of climate change. 

• GCISC with its partners from agricultural extension departments, NRSP and 

PPAF, also contributes in disseminating first-hand information/knowledge to the 

farmers to cope with short term climate challenges. 

Capacity Building: 

Capacity building is an important component of GCISC’s activities. Climate change still is 

an evolving science. The new concepts, tools and methodologies for impact assessment 

emerge quite frequently. Capacitate the Centre’s researchers as well as other institutions 

with upcoming technologies and skills is imperative for quality research and action.  

 

The Centre’s scientists participated in a number of national/ international training 

workshops and acquired new skills ranging from climate science, climate modeling, 

seasonal forecasting, early warning systems, drought monitoring and assessments, 

hydrological, crop simulation and water management modeling, water surface runoff 

analysis, water-food-energy nexus, to earth observation systems, space technology and 

RS/GIS tools. In some the workshops GCISC’s scientists also contributed as resources 

persons. The acquired skills are being used for the ongoing and planned research 

activities at the Centre.    

 

The Centre is also organizing a series of lectures called as ‘Friday Seminar’ in which 

GCISC’s own as well as researchers from other institutions deliver lectures on the latest 

ongoing research and present studies on the aspects of climate sciences, sectoral 

impacts and response strategies (Annex-VI).  
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Mass Awareness / Media Appearance: 

 

The Centre’s scientists publish news articles in the leading national newspapers on the 

various aspects of climate science and its associated impacts on water, agriculture, and 

forestry. In Live Radio/ TV Programmes, GCISC’s scientists discussed the issues of 

climate vulnerabilities to agriculture and water sector and how the ordinary farmers can 

adapt to minimize the risks and increase resilience. Scientists also provided interviews 

and responses on the ongoing issues of glacier melting, locust havoc, wheat crisis, 

effective irrigation water management and other allied issues pertaining to climate change 

(Details in Annex-I). 

 

Inputs for parliamentary Business 

GCISC, being the research arm of the Ministry of Climate Change is frequently asked for 

providing technical inputs on climate change, impacts and response strategies for 

parliamentary business. In this regard GCISC provides answers to National Assembly 

and Senate questions and also contributes to the proceedings of the standing committees 

on the concerns of climate change. Since last couple of years GCISC has provided 

responses to NA/Senate starred questions (Annex-VII) and provided inputs 

(presentations/ briefs) for NA Standing Committee on Climate Change on the aspects of 

Climate Change, Agriculture and food security. GCISC has also provided technical inputs 

to various reports and submitted responses to various queries reading Joint and Inter 

Ministerial coordination meetings and memorandums etc.  
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Financial Budget 

 

Year Wise Budget (2013-21): 

Detail of Budget & Expenditure as per 
 Financial Year 2013-2021  

FY Year 
Final Budget  

Rs. 

Actual  
Expenditures  

Rs. 

2013-2014 38,921,000 38,917,590 

2014-2015 42,860,000 35,854,644 

2015-2016 42,092,000 41,810,798 

2016-2017 50,623,000 50,266,544 

2017-2018 117,482,000 109,292,909 

2018-2019  56,241,000 56,221,266 

2019-2020  80,990,000 80,967,842 

2020-2021  79,174,000 79,144,969 

 

 



 



 

 

 

Annexures 

  



 

  



 

 

 

(Annex-I) 
GCISC Act notified through Gazette of Pakistan on 

March 26, 2013  



 

  























 

 

 

 

 

 

(Annex-II) 
BoG-GCISC 



 

  



BOG-GCISC 

• Federal Minister-in-charge, Climate Change Division Chairman 

Ex-Officio Members

• Secretary, Climate Change Division    Vice-Chairman

• Secretary, Ministry of Finance Member

• Secretary, Ministry of Science and Technology Member 

• Secretary, Ministry of Water and Power Member 

• Secretary, Ministry of National Food Security and Research Member

• Secretary, Ministry of Industries Member 

• Director General, Pakistan Meteorological Department Member 

• Chairman, Space and Upper Atmosphere Research Commission Member

• Chairman, National Disaster Management Authority (NDMA) Member  
• Secretary, Environment or of the relevant Department and Members

one Technical Expert nominated by respective Provincial Governments, 

Azad Governments of Jammu and Kashmir and Gilgit-Baltistan

• Executive Director, GCISC Member/Secretary

Eminent Scientists and representation from Private Sector 

• three eminent scientists Members 

• two eminent representatives from Private Sector Members



 



 

 

 

 

 

 

(Annex-III) 
Organogram 



 



Executive Director (SPS-13)

Climatology Section
Section Head, SPS 11/12

Group I
Data, Climate Extremes & 
Seasonal Prediction Group

Group Leader: Section Head
Members:    SPS-09       (2)

SPS-08       (1)

Group II
Climate Simulation Modeling 

& Scenario Dev. Group
Group Leader:   SPS-10     (1)

Members:       SPS-09     (2)
SPS-08     (3)

Group III
Environmental Group 

Group Leader: Section Head
Members:     SPS-09     (2)

SPS-08     (1)

Group IV
IT Support Group

Group Leader:      SPS-09   (1)
Member:               SPS-08   (3)

PA to ED, SPS 5/6/7

Agriculture Forestry & 
Land Use Section

Section Head, SPS 11/12

Group I
Collection & Analysis of Agro-

Met Data Group
Group Leader:     SPS-9    (1)
Members:            SPS-08   (2)

Group II
Simulation Modeling Group

Group Leader:   SPS-10     (1)
Members:           SPS-08     (4)

Group III
Forests, Land-Use & Fragile 

Ecosystems Group
Group Leader: Sect. Head
Members:         SPS-09      (1)

SPS-08      (2)

Water & Glaciology 
Section

Section Head, SPS 11/12

Group I
Remote Sensing and           

GIS Group
Group Leader:     SPS-09    (1)
Members:              SPS-08   (1)

Group II
Collection & Analysis of 

Hydro-Met Data
Group Leader:     SPS-08     (1)

Group III
Hydrological Modeling 

Group
Group Leader: Sect. Head
Members:        SPS-10     (1)

SPS-08      (2)

Admin. & Finance Section
Director (A&F), SPS 10/11

Administration Section

Junior Executive 
(Administration): SPS-5/6/7 (3)
Driver/DR:               SPS-2/3 (5)

General Attendant: SPS-1     (4)

Finance Section

Accounts Officer: SPS-8/9  (1)
Junior Executive           

(Finance):     SPS-5/6/7  (1)

Group IV
Glaciology Group

Group Leader:   SPS-10    (1)
Member:            SPS-08    (1)

Summary:
SPS-11/12=   1 SPS-11/12=   1 SPS-11/12=   1 SPS-10/11=   1
SPS-10=         1 SPS-10=          1 SPS-10=          2 SPS-08/09=   1
SPS-09=         7 SPS-09=          2 SPS-09=          1 SPS-5/6/7=   4
SPS-08=          8 SPS-08=          8 SPS-08=          5 SPS-02/03=   5
Total   =        17 Total   =        12 Total   =          9 SPS-01      =   4

Total         =   15

GCISC Organogram (based on the current sanctioned strength)

Grand Total= 55



 

  



 

 

 

 

 

 

 

(Annex-IV) 
Details of Scientific Achievements 

 

 



 

  




