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Executive Summary

Background

Nepal is situated in Himalaya-Hindu Kush region, which 
is regarded as one of the most vulnerable countries to 
climate change, as northern parts of the country are 
extremely elevated above the mean sea level, having 
glacier lakes uphill of the Mount Everest. It has been 
observed that the glacier are retreating and glacier lakes 
are forming rapidly over Himalayan region due to the 
enhanced melting of glaciers which in turn have a great 
threat of GLOFs as lash loods downstream.  It has 
been clearly documented that the increase of surface 
temperature over the elevated highlands, with ice caps 
and glaciers, is much higher than low-lying areas due 
to positive albedo feedback effect of the changing 
surface. These phenomena might continue and may 
result in further increase in surface temperature with 
the irreversible and unprecedented climatic changes 
that we have been experiencing in the recent decades. 
In addition, Nepal is also highly vulnerable to lash 
loods associated with microburst events, severe 
thunderstorms, intense monsoon rainfall, etc. Therefore 
understanding of future climate change projections over 
Nepal would be of vital importance for vulnerability and 
impact assessments. 

ADPC joint venture comprised of Asian Disaster 
Preparedness Center (ADPC) and Bjerknes Centre 
for Climate Research (BCCR), Norway in association 
with Faculty for Geo-Information Science and Earth 
Observation (ITC), University of Twente, Netherlands 
and The Energy and Resources Institute (TERI), 
India have been awarded to implement the project 
on “Climate Data Digitization and Downscaling of 
Climate Change Projections in Nepal” under TA7173-
NEP: Strengthening Capacity for Managing Climate 
Change. ADPC team worked in close association with 
the Department of Hydrology and Meteorology (DHM) 
and Tribhuvan University in Nepal for successful 
implementation of the project.  Center for International 
Studies and Cooperation (CECI) in Nepal provided 
secretarial and logistic support when conducting 
training workshops in Kathmandu.

Project Objectives

The project was aimed at addressing several technical 
and capacity building aspects of DHM oficials for 
better preparedness for providing wealth of information 
to the sector speciic stakeholders to assess impacts 
and vulnerability of unprecedented climate change 
and developing suitable adaptation options for climate-
sensitive sectors such as agriculture & food security, 
water resources, energy, health, etc. This includes, 
digitizing observed meteorological data, generating 
gridded data sets, statistical analyses of observed data, 
downscaling of future climate projections, development 
of web portal for easy accessing climate information, 
training of DHM staff to cope up with similar nature of 
the work, etc. High resolution future climate scenarios 
would also help sector speciic policy makers, planners 
for taking proactive adaptation measures in climate-
sensitive sectors.

Project Methodology

The professionally facilitated inception workshop 
provided a platform for establishing good working 
relationships between project team and stakeholders 
and helped everyone to understand the project goals 
and the approach adopted. During the workshop, a 
practical work plan was developed to accommodate the 
responses from stakeholders, which includes climate 
data digitization, statistical analyses of historical data, 
gridded data generation, downscaling of future climate 
projections, development of web portal, capacity 
building of DHM oficials and awareness raising of 
policymakers, researchers and technical experts.

(i)  Climate data digitization: Nepal has been 
maintaining about 15 synoptic observation stations and 
22 agro-meteorological observation stations, most of 
them were established around 1970s providing long 
time series for determine the present-day climate of 
Nepal. However, some meteorological parameters 
were not digitized due to non-availability of suitable 
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data archiving software or/and manpower at the DHM 
of Nepal. It is needless to mention that the historical 
meteorological data is very much essential for evaluating 
climate models and thereby developing future climate 
change scenarios for the country. Therefore, it is of 
utmost importance to digitize the remaining observed 
meteorological data at DHM. The data digitization was 
carries out at 37 stations for four parameters such as 
Wind speed, evaporation, soil moisture and Sunshine 
duration of all data available prior 1987. Microsoft Excel 
and GW Basic were used as data base systems. 

(ii)  Quality control of observed data: Quality 
control of observed data is mandatory as there 
could be some erroneous values and outliers due 
to malfunctioning or replacing of the instruments, 
observational errors, and wrong data entries to the 
database, change in the station environment etc. In 
addition, there could be no-observations entries due 
to non-availability of observers (manpower), which 
eventually show as missing data in the database. It is, 
therefore necessary to quality check of all observed 
data up to 2009 from all available precipitation and 
temperature observations in Nepal using acceptable 
standard techniques. Following steps were taken while 
applying quality checking procedures using Rclimdex 
software;

(a) Used mean ± 3.0 standard deviations to lag 
problematic data.

(b)  Careful examinations of the data were performed 
particularly when there is;

• Impossible temperature value (TMAX < TMIN; too 
high; too low)

• Temperature data beyond the set up thresholds.
• Impossible precipitation value (negative 

precipitation; too high).
(c)  Original data archives were referred for checking 

the wrong entry. 
(d) Used personal expertise and common sense to 

decide whether the doubtful value should be 
changed or set it as missing identiier (-99.9).

(e)    Kept all data points that are extreme but reasonable 
given other temperature and precipitation data in 
that station and or in neighboring stations.

(f)   Looked at the plots carefully for anything odd. For 
example, look things like very long periods with zero 
precipitation, extremely high values of precipitation 
and temperature values that stay almost the same 
for long periods rather than following the seasonal 
cycles etc.

(g)  Correction of the potential problems might change 
the mean standard deviations value and hence 

quality checking procedures using Rclimdex 
software was repeated.

(h) Software called RHtests was used for assessing 
the homogeneity by detecting the possible change 
points of data to make sure that the inhomogeneous 
data does not lead to erroneous conclusions.

(i)   F-stat values for 90% and 95% were used to decide 
between inhomogeneity and natural shifts or 
statistical artifact. If F-stat > 95%, the break point 
was considered an inhomogeneous. In addition, if 
no similar breakpoints were found while comparing 
the neighboring stations, then it was concluded as 
inhomogeneous. However, such F-stat for 90% 
was also examined carefully particularly over data 
crowded regions. Finally, in some cases, either 
the data before or the data after the inhomogeinity 
section of the series were replaced by missing 
data identiier. Similarly, data from some stations 
with multiple sections of inhomogeinities were 
completely rejected. Whereas, in most of the cases, 
the inhomogeinity section was removed and then 
simply replaced by missing data identiier.

(iii)    Constructing spatially interpolated gridded 

data sets and Statistical analysis of historical 

climate data: Statistical analysis of historical digitized 
climate data is essential for understanding the present-
day climate, climate change, natural climate variability, 
extreme events, etc. at station level. It also helps us 
to understand the degree of local climate forcing in 
different locations in the country. This information would 
also be helpful for vulnerability and impact studies in 
different sectors, which are having probable impact due 
to climate change at different levels. In this analysis, 
data from 110 locations for surface air temperature and 
309 locations for precipitation were used. These stations 
are in general well distributed in lower altitude regions 
of the country, however, at higher altitude regions the 
number of stations decreases rapidly. The seasons are 
classiied as: 
• Winter: December of the previous year to February 

(DJF)
• Pre-monsoon or spring: March - May (MAM)
• Monsoon or summer: June - September (JJAS) 
• Post-monsoon or autumn: October - November 

(ON)
The monthly mean maximum and minimum temperatures 
data over Nepal for a period of 39 years (1971-2009) 
were analyzed. Data from stations approximately with 
more than 20 years of records are used to compute the 
mean and standard deviations. However, the data with 
short record are also considered for stations that are 
situated at higher than 3000 meters. Such consideration 
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will avoid the misleading results that are caused just 
by gridding algorithm without any observation at higher 
altitude regions of Nepal.

Both maximum and minimum temperatures data were 
computed for the monthly, seasonal and annual mean 
and their standard deviations for all individual locations 
over the period of 1971-2009. The results are then 
gridded by using kringing algorithm and presented to 
show the spatial distributions of these parameters.  

Monthly mean precipitation data over Nepal for a 
period of 49 years (1961-2009) are analyzed. Data 
from stations with more than 25 years of records are 
utilized for the computation of mean and coeficient 
of variations. However, the data with shorter records 
are also considered for stations that are situated at 
higher than 3000 meters. As in temperature analyses, 
such consideration will avoid the misleading results 
that are caused just by gridding algorithm without 
any observation at higher altitude regions of Nepal. 
The data are computed for the monthly, seasonal and 
annual mean and their coeficient of variation for all 
individual locations. The results are then gridded by 
using kringing algorithm and presented to show the 
spatial distributions of these parameters.

(iv) Dynamic downscaling of future climate 

projections: Regional Climate Model (RCM) is the 
most reliable option for downscaling coarse resolution 
GCMs outputs to ine resolutions (12, 20 and 25 km) 
grid in incorporating local topography in Nepal and 
neighborhood. We used PRECIS, RegCM4 and WRF 
models for downscaling of GCMs climate information 
over Nepal.

• PRECIS, RegCM4 and WRF models were run in 
a bigger domain to capture land-sea interaction, 
large scale features such as monsoon effect, 
western disturbances, easterly waves, etc. The 
same domain was used as 68.0°E-100.0°E; 
01°S-38.0°N for three models and horizontal 
resolutions were 25, 20 and 12 km respectively 
(Fig. 3.1.).

• Model results were extracted for smaller domain 
over Nepal for visualization through the web portal. 
The smaller domain size was 79.0°E-90.0°E; 
25.0°N-32.0°N (Fig. 3.2.).

• The future climate projections were downscaled 
for the period 2030 to 2060 (mid-21st century) for 
Nepal with A1B and A2 scenarios.

• In order to evaluate the performance of the RCMs 
(PRECIS, RegCM4 and WRF), the RCMs will also 

be forced with hindcast data from the GCMs for the 
baseline period from 1971 to 2000. Downscaled 
hind-cast data were compared with the observed 
digitized station data in Nepal and model biases 
at 96 meteorological stations were calculated and 
documented.   

(v)    Climate data portal development: Sharing 
of climate information has a huge impact on awareness 
raising, especially on climate change and allied issues. 
This is identiied as one of the most important elements 
under the United Nations Framework Convention on 
Climate Change (UNFCCC) and its subsequent Kyoto 
Protocol to combat unprecedented climate change. 
In addition, access to a meteorological/climatological 
database via a web portal is useful for sector speciic 
policymakers, planners, stakeholders and end users 
in agriculture & food security, water resources, 
biodiversity, health, etc. and for the general public to 
plan their routing works.  

Stakeholders were involved with the development of 
the portal as much as possible through the inception 
workshop, consultation workshops and online 
stakeholder surveys. On a technical level, there is a 
close alignment between the requirements of the Nepal 
Climate Data Portal for Historical Climate Data and 
Projected Climate Data. This will also provide users 
with an integrated platform to access climate data and 
the ability to compare Historic and Project Data. Mainly 
Sahana Eden Humanitarian Open Source Software. 
Python 2.6, R, R multicore library, RPostgreSQL, rpy2, 
PIL, xvfb, PyQT4, QTWebKit were used to design 
the portal. The Nepal Climate Data Portal allows 
users to view the climate data on an interactive map 
and generate different information products including 
exporting the raw data. 

(vi)    Workshops and Dissemination 

• In order to fulill the objectives of the project on 
capacity building of DHM staff and to continue the 
sustainability of the work, it is needed to address 
the training and capacity building aspects of 
DHM oficials to face future challenges in similar 
nature and to provide necessary information to 
the sector speciic stakeholders for their impact 
and vulnerability assessments to climate change. 
Therefore, it is proposed to conduct several 
training workshops for DHM staff to cope up with 
the work and building their capacity on dealing with 
historical climate data and downscaling of future 
climate projections. 

• Three (3) training workshops on quality control, 
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interpolation techniques for generating gridded 
data sets and statistical analyses of historical 
climate data in Kathmandu, Nepal and four (4) 
training workshops on downscaling of future climate 
scenarios using PRECIS, WRF and RegCM4 were 
conducted within this project period. Three (3) 
DHM oficials were invited to participate for each 
training workshop.

• Two workshops were organized in August 2012 
in Katmandu for dissemination of the results of 
the project. The irst workshop was held for half a 
day for the beneit of DHM IT staff on data portal 
software platform and architecture, how to upload 
the data as well as how to maintain the portal 
during the workshops. through the workshop, DHM 
was able to get the ability and authority to upload 
their own products to the web portal to keep the 
portal up-to-date. 

• Subsequently, another one (1) day workshop was 
organized in Kathmandu for policymakers from the 
relevant ministries, technical experts from various 
disciplines such as agriculture & food security, 
water resources, power and energy, health, etc and 
DHM oficials on the importance of future climate 
information in development planning and web 
portal usages on the interpretation of downscaled 
future climate projections for understanding 
sector speciic impacts and vulnerabilities, climate 
change adaptation strategies. In this workshop, 
arrangements were made to oficially launch the 
climate data portal. All the project partners attended 
this inal workshop to share their experiences.

• A report was prepared on how to improve the climate 
data collection of DHM to meet the future challenges 
based on country needs. This report assesses the 
current network of meteorological data stations and 
suggests the mechanisms to expand it to have a 
better coverage of meteorological data. This report 
is also including equipment needs, infrastructure to 
be enhanced and human resources to be deployed 
to meet the needs in improving the DHM. 

Summary of Key Findings 

This project contributed to the disclosure of climate 
data in Nepal through digitalization of written or printed 
in measured meteorological records. This extensive 
exercise led to vast expansion of weather information 
in time and space over the whole country. Summary of 
this information is made available through maps in this 
report and in the web portal on the website of DHM, 
Nepal.

As expected the topography and monsoon are of 
major inluence on the temperature and precipitation 
climatology in Nepal. Adding more information by 
expansion existing observational records into the 
past and adding new records from additional stations, 
did not change this general view, but added regional 
details enabling more accurate spatial interpolation in 
data scarce areas. Unfortunately, still data gaps exist 
in most meteorological records, which potentially affect 
the trend analysis, but not the mean climatology and 
natural variability analysis.

The daily minimum and daily maximum temperatures 
show clear a seasonal cycle. The daily minimum 
temperature is at its maximum in July, when the sun 
is at its maximum zenith angle and at its minimum 6 
months later during the winter (DJF) months. During 
summer months the daily maximum temperature is 
tempered by the appearance of the semi-permanent 
convective clouds associated the monsoon circulation, 
explaining why it reaches its maximum in May. For both 
temperatures the spatial distribution over the country 
follows the topography; the highest temperatures are 
recorded in the Tarai and Siwalik regions and the lowest 
temperatures in the Middle Mountain regions.

The precipitation pattern is dominated by the presence 
of the monsoon circulation and its interaction with the 
topography. The winter (DJF) season is the driest 
period of the year but with a high variability, where most 
precipitation falls during the monsoon season (JJAS) 
when the variability is low. The southern lanks of the 
Anapurna range in the Central Middle Mountain regions 
are the wettest of Nepal with averaged precipitation 
amounts of 5200 mm per year. The lee side of this 
Anapurna range is recorded as driest region in Nepal, 
with annual precipitation of less than 750 mm. This 
pattern implies that the monsoon circulation and thus 
rain is very persistent over the years.

Based on the analysis of bias-corrected different model 
outputs, some basic understanding of future climate 
change conditions can be derived for Nepal. The 
results will be shown in the coming chapters and will 
be summarized here, do focus on the ECHAM05-A1B 
scenario as all RCMs did utilize this GCM dataset and 
thus should be indicative for all model projections.

Mean maximum temperature: In general, all the bias 
corrected model outputs from the PRECIS, RegCM4 
and WRF have shown an increase in the annual and 
seasonal maximum temperature throughout the entire 
country of Nepal. Among all the seasons, model 
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outputs have shown that the maximum temperature 
will increase largely in the summer season (monsoon), 
while temperature will increase slightly during winter 
and autumn (post-monsoon). 

In detail, PRECIS, RegCM4 and WRF have shown 
similar results in annual analysis. The temperature will 
increase largely, with approximately 3oC, according to 
most future projections. However, the signal is not robust 
if one considers the spatial distribution of the expected 
change in temperature. Especially, as shown in this 
report, the spatial projection patterns by RCM WRF 
deviate from the output from PRECIS and RegCM4. 
During the monsoon season, bias corrected PRECIS 
and RegCM4 outputs for ECHAM05-A1B scenario 
have shown that the mean maximum temperature will 
increase across the entire country territory, especially in 
southern and northern parts. The bias corrected WRF 
output has shown that in the northwest, the temperature 
will decrease, while in the east, the temperature will 
increase in the future. During post-monsoon, model 
outputs have shown that mean maximum temperature 
will increase slightly in the central part of the country, 
while it will decrease in both the lowest southern 
and northern regions. In winter time, the maximum 
temperature will increase in most areas throughout the 
country. Large increases of maximum temperature will 
occur in the lower southern part and the northern high 
mountainous region. 

Mean minimum temperature: In general, all the bias 
corrected model outputs from the PRECIS, RegCM4 
and WRF have shown an increase of annual minimum 
temperature averaged over the entire country of Nepal. 
The range of projected increase is wider compared 
the maximum temperature, indicative of the range in 
uncertainty between the model projections. On average 
an increase in annual mean minimum  temperature of 
3°C ± 2.5°C could be anticipated. Similar to the results 
found for the mean maximum  temperature, the signal 
in the spatial distribution of projected change is not 
robust between the different RCMs. However for this 
parameter PRECIS and WRF do have large similarities 
in the spatial distribution of the projected change and 
RegCM4 results deviate.

Precipitation: The analysis of results from the bias 
corrected model outputs show that the average annual 
rainfall in the future period (2030-2060) in Nepal will 
increase slightly from the baseline observed rainfall, 
especially in western and northern high mountainous 
regions. The different RCMs forced by the different 
GCM outputs are very similar when addressing the 

expected change averaged over the entire country, an 
increase of about 20 mm/year. However, the spatial 
distribution of change is not consistent over the season, 
neither consistent between the different RCMs. Where 
PRECIS and RegCM4 output show pockets of increased 
and decreased precipitation for each season, the WRF 
exhibits no decrease, only no change or increase in 
precipitation for all seasons. 

Impact of future climatology: Based on the analysis 
of future climate conditions in temperature and 
precipitation from different model outputs, it can be 
concluded that large areas of Nepal will experience 
an increase in temperature in the future in most of the 
seasons, especially during monsoon seasons. The 
degree of temperature change varies among regions 
of different topography; the northern high mountainous 
region will experience a large increase in temperature 
according to all PRECIS, RegCM4 and WRF model 
projections. This will lead to a greater possibility of 
glacier melting in the high mountainous region of Nepal; 
with the predicted increase of rainfall in this season, 
attention needs to be drawn to the frequency and 
severity of lood disasters in future. For precipitation, 
all RCMs show a slight increase in the western and 
northwestern high mountainous regions. 

Overall, this information on future climate change 
tendencies and conditions is made available to 
be applied to assess impacts and vulnerability of 
unprecedented climate change, as well as developing 
suitable adaptation options for climate-sensitive sectors 
to cope with the future changes in climate across Nepal. 
However, one has to bear in mind that the differences 
between the individual modeled scenarios are not very 
likely to be the consequence of resolution issues alone, 
more likely is that also differences in model coniguration 
and physics contribute to the dissimilarities in space. The 
non-robustness of the future climate signal complicates 
impact assessments as they should consider the full, 
or the most plausible, range of projected information.  
The DHM staff is trained to be able of assisting the 
stakeholder on how to use the dataset provided by 
this project. Also, they are trained to perform additional 
analysis on the provided and, when needed, to redo or 
expand the dataset by new RCM scenario simulations.

The climate data portal can be used for further analysis 
of the future projections and observational data. The 
web portal is designed for uploading additional observed 
meteorological data over time, and allows importation of 
additional downscaled future climate change scenarios, 
in order to create up-to-date climate projections for 
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sector speciic use in the years to come. 

Organization of Chapters

The report is organized into the following chapters.

Chapter 1 presents the introduction, implementing 
organizations and partners of the project. A description 
of physical characteristics of disaster prone environment 
in Nepal is included in this chapter. The chapter also 
provides information of climate related disasters in 
Nepal.

Chapter 2 presents project objectives and statement 
of the work of this study. It focuses on scope of the 
project, expected beneits to the nation, project outputs 
and project stakeholders. Finally, the chapter provides 
the information about documentations of the project.

Chapter 3 discusses the general approach for 
project implementation process. It discusses the 
operationalization strategies adopted for the project 
and connectedness and complementarities of project 
partners. This chapter also discusses the national 
participation for implementing the project, ADPC teams 

experiences in climate studies, ADPC’s commitment 
to support the partner countries and possibility 
for replication the recommendations made in this 
assignment.  

Chapter 4 describes the technical approaches and 
methodologies in details used to execute proposed 
tasks in this assignment.  

Chapter 5 discusses the results of observational data 
and their indings under the several key sections.

Chapter 6 focuses to discuss the results of Regional 
Climate Models (RCMs) and their indings. Especially 
model bias corrections, performances of RCMs, model 
uncertainties, etc.

Chapter 7 describes the Nepal Climate Data Portal 
development, available speciic features and its use. 
And also describes the capacity building activities and 
dissemination workshops that were addressed under 
this project. 

All the supporting documents, maps, tables, etc. are 
attached as annexes.
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1
Project Background

1.1 Introduction of the Project, Implementing 

      Organizations and Partners

The ADPC joint venture comprised of Asian Disaster 
Preparedness Center (ADPC) and Bjerknes Centre 
for Climate Research (BCCR), Norway, in association 
with Faculty from Geo-Information Science and Earth 
Observation (ITC), University of Twente, Netherlands, 
and The Energy and Resources Institute (TERI), 
India, have been selected to implement the project 
“Climate Data Digitization and Downscaling of Climate 
Change Projections in Nepal” under TA7173-NEP: 
Strengthening Capacity for Managing Climate Change. 
The ADPC team worked throughout the project in 
close collaboration with the Department of Hydrology 
and Meteorology (DHM) and Tribhuvan University in 
Nepal for successful implementation of the project.  
The Center for International Studies and Cooperation 
(CECI) in Nepal provided secretarial and logistic support 
when conducting training workshops and meetings in 
Kathmandu.

The project addressed several technical and capacity 
building aspects. DHM oficials provided a wealth 
of information to the sector speciic stakeholders to 
assess impacts and vulnerability of unprecedented 
climate change and developing suitable adaptation 
options for climate-sensitive sectors such as agriculture 
and food security, water resources, energy, health, etc. 
These include: 

• Digitizing observed meteorological data 
• Generating gridded data sets and statistical 

analyses of observed data
• Downscaling of future climate projection
• Developing climate data portal for easy access to 

climate information 
• Training of DHM staff to complete similar nature of 

work

High-resolution future climate scenarios will help sector 
speciic policy makers and planners take proactive 
adaptation measures in climate-sensitive sectors. 

1.2.    Physical Characteristics of Disaster Prone 

Environment in Nepal

Nepal is situated in the Himalaya-Hindu Kush region, 
which is regarded as one of the most vulnerable 
countries to climate change, as scientiic climate 
change information is lacking and the population is 
prone to natural hazards such as intense rainfall, lash 
loods, seismic activity and landslides.  The climate in 
Nepal varies from arctic to tropical within the 200 km 
span from North to South. The northern parts of the 
country are extremely elevated above the mean sea 
level with glacier lakes uphill of Mount Everest.  It has 
been observed that these glaciers are retreating and 
glacier lakes are forming rapidly over the Himalayan 
region due to the enhanced melting of glaciers, which 
in turn, create a great threat of Glacier Lake Outburst 
Floods (GLOF), causing lash loods downstream.  If 
climate change alters the snow and ice cover in the 
Himalayas, it could lead to more frequent loods and 
droughts directly affecting livelihoods of local agricultural 
communities. It has been clearly documented  that 
there is a stronger increase of surface temperature over 
the elevated highlands in the north with its ice caps and 
glaciers, than at the low-lying areas in the south (e.g. 
Agrawala et al., 2003). If these phenomena continue, 
it may result in irreversible and unprecedented climatic 
changes, as we have been experiencing in the recent 
decades. Nepal is also highly vulnerable to lash loods 
associated with meteorological microburst events, 
severe thunderstorms, intense monsoon rainfall, etc. 
Therefore, understanding future climate change impacts 
on Nepal will be of vital importance for vulnerability and 
impact assessments.
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1.3   Climate Related Disasters in Nepal

Nepal is prone to several classes of hazards ranging 
from hydro-meteorological, geological, biological, 
industrial and accident related disasters. The Himalayan 
region is a hotspot for geological formation activities 
with frequent large earthquakes, landslides and other 
collateral hazards. Apart from these activities, the 
country is also prone to several hydro-meteorological 
disasters, such as loods, cloudbursts, hailstorms, 
high winds and heat strokes. Climate change has 
accelerated the frequency and intensity of these hydro-
meteorological hazards. An increase in the frequency of 
GLOF is another phenomenon that is associated with 
climate change.

Fig. 1.1. Physical Map of Nepal (Source: ezilon.com/maps)
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2
Project Objectives and Statement of Work

2.1    Project Objectives

Understanding vulnerability and impacts associated with 
climate change in different sectors is key for managing 
risks and taking appropriate proactive adaptation 
measures. As the current degree of vulnerability or/and 
impacts to communities in Nepal and their resilience 
depends on physical, environmental, social and 
economic aspects, analysis of historical meteorological 
information on different temporal and spatial scales is of 
vital importance. Therefore, it is essential to digitize all 
un-digitized observed meteorological data such as wind 
speed, evaporation, soil moisture and sunshine duration 
data, which were recorded prior to 1987 in Nepal, in 
order to facilitate a more rigorous scientiic analysis of 
observed meteorological data across the country over 
a maximum available period of time. This will allow 
scientists, researchers and stakeholders to quantify the 
past changes and projected potential changes in mean 
climate and its extremes. 

It is equally important to generate future climate change 
scenarios using state-of-the-art dynamical downscaling 
tools such as PRECIS (Providing REgional Climates 
for Impacts Studies-Model), RegCM4 (Regional 
Climate Model-4) and WRF (Weather Research and 
Forecasting-Model) at a high spatial resolution. This 
information is of vital importance to provide policy 
makers and planners with a basis for taking proactive 
adaptation measures in the vulnerable sectors. The 
project team was successful in transferring the technical 
knowhow of generating future climate scenarios in 
order to build the in-house capacity of the staff of DHM 
through participatory training workshops in all project 
activities.  
 

2.2.    Scope of the project

The scope of the project included the following activities: 

• Meteorological observation data digitization, 
including quality control and statistical analysis

• Generating gridded data set of observed 
climatological data

• Dynamic downscaling of future climate projections  
• Developing climate data portal 
• Capacity building of DHM oficials
• Disseminating results and recommending follow up 

actions to stakeholders through workshops  

2.3   Expected Beneits to the Nation

The following are the expected beneits upon completion 
of the project:
• Data and knowledge available to interpret the 

impacts and vulnerability in climate sensitive 
sectors such as agriculture, water resources, 
energy, health, etc. 

• Developing adaptation strategies for vulnerable 
sectors

• Infrastructure planning as adaptation measures
• Contingency planning for impending climate related 

hazards due to climate change 
• Awareness rising of policymakers and planners on 

climate change issues
• Integrating Climate Change Adaptation (CCA) and 

Disaster Risk Reduction (DRR)
• Mainstreaming CCA into development with the 

strong support from policymakers

2.4   Project Outputs

The project team completed the following tasks and 
activities:

Task 1:  Data digitization, quality control, and statistical 
analysis of digitized data (in Katmandu)

• Two-day orientation program for university students 
on meteorological data digitizing   
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• Digitizing meteorological data observed prior to 
1987 

• Quality controlling (QC) all digitized meteorological 
data 

• Constructing spatially interpolated gridded data 
sets 

• Statistical analysis of historical climate data  
• Training and capacity building of DHM staff on 

data quality controlling, statistical analysis of 
historical climate data, interpolation techniques 
and preparation of gridded datasets

Task 2:  Dynamic downscaling of future climate 
projections  
• Dynamic downscaling of future climate projections 

for Nepal (in BCCR-Norway, TERI-India, and 
ADPC-Bangkok)

• Validation of the models with observed data and 
calculation of model biases and documentation (in 
BCCR-Norway, TERI-India and ADPC-Bangkok)

• Three-day training for three staff of DHM on 
PRECIS at TERI-India

• Five-day workshop for three staff of DHM on WRF 
at BCCR- Norway and ADPC-Bangkok

• Three-day training for three staff of DHM on 
RegCM4 at ADPC-Bangkok

Task 3:  Climate data  portal development
• Development of web portal for querying and 

accessing observed and gridded climate data 
information and downscaled projected future 
climate and train DHM IT staff

Task 4:  Workshops and dissemination
• One-day workshop for policy makers on climate 

downscaling and web portal usage (in Katmandu)
• One-day workshop for technical experts on climate 

downscaling and web portal usage (in Katmandu)
• Report for improving DHM to meet future challenges
• Final report at the end of the project period

2.5   Project Stakeholders 

The project was implemented with three types of 
stakeholders. They consisted of the project team, focal 
institutions and beneiciaries.

The project team included technical staff members from 
ADPC, BCCR-Norway, ITC-Netherlands and TERI- 
India.

DHM was the local focal institute in Nepal. Tribhuvan 

University in Nepal was the local technical partner. 
The ADB-Nepal Residence Mission was an observer 
during the project period. CECI provided secretarial 
logistic support when conducting training workshops in 
Kathmandu. 

The beneiciaries are the sector speciic policymakers, 
researches, technical experts and government and 
non-government institutes. 

2.6   Project Documentation

The inception report was submitted in April 2011 
covering the activities to be conducted under the project 
throughout the project period. The mid-term report was 
submitted in August 2011 describing the progress of the 
activities. 
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3
General Approach for Project Implementation

ADPC proposed an innovative and effective approach 
based on various factors such as project team, 
operationalization, connectedness, complementarities, 
participation, organizational experience and lexibility.  

3.1   Project Team and Partners

The ADPC joint venture is comprised of ADPC and 
BCCR, Norway in association with ITC-Netherlands, 
TERI-India as well as the DHM, Tribhuvan University 
and CECI in Nepal.

3.2   Operationalization

The effective completion of the proposed project on 
Climate Data Digitization and Downscaling of Climate 
Change Projection in Nepal depended on the project 
management skills to supervise an assignment of this 
magnitude. ADPC has an excellent track record of 
managing such projects in the past at the regional level.

The other important factor is the operationalization and 
strategy adopted for obtaining the support for generating 
the expected outcome of the study in partnership with 
relevant government institutions and professionals 
in Nepal, and other relevant stakeholders during the 
project. The project was also supported by a legal 
framework and policy, which created an environment 
for utilization of the project outputs, institutionalization 
of the outcomes of the project, and exist strategy for 
subsequent handing over of outputs to be used by 
relevant government institutions.  

3.3   Connectedness and Complementarities

The involvement of local partners (DHM, Tribhuvan 
University and CECI) helped to ensure  connectedness 
. Local partners should be sensitive to future directions 
emerging in the understanding of vulnerability and 
impacts associated with climate change in different 

sectors, such as agriculture, water, health, infrastructure 
development, urban planning, tourism etc . Decisions 
on how to deal with vulnerability based on the results 
on the project and impact changes associated with 
climate change in different sectors can be implemented 
with the involvement of local partners. The economic 
modeling of probabilistic hazard risk should be the 
next step in integrated area development policy of the 
country. The local experts, especially, DHM has done 
a considerable amount of professional work related 
to the assignments under the proposed study. Such 
information and experience will help to consolidate 
and advance the outcome of this project in the near 
future. Long-term disaster risk management objectives 
of Nepal, in general, and natural disaster vulnerability 
reduction, in particular, can be achieved only when each 
project can ind connectivity to others and make further 
advancements through new initiatives. The project 
activities took into account all past work, and explored 
ways to be complementary to other simultaneous and 
future projects. 

3.4   National Participation 

High quality technical expertise from many different 
disciplines connected to this project was available within 
the country, but located at various institutions. ADPC 
has ongoing partnerships with many national agencies.  
The project activities were designed so that the needs 
of local stakeholders were recognized, and a strategy 
was adopted to enhance the knowledge and experience 
of local counterparts. During the implementation of the 
individual tasks, domestic expertise was consulted to 
ensure the maximum impact possible. 

3.5  ADPC Teams Experience in Climate Studies 

We have assembled an extremely strong team of climate 
scientists to carry out the consultancy services. As a 
team, we offered great depth and breadth of technical 
expertise. Due to the close partnership between ADPC 
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and BCCR, we were able to assemble a team that could 
respond directly to the exceptionally broad spectrum of 
technical requirements of the project. We obtained the 
support from very reputed associated partners in TERI-
India and ITC-Netherlands to contribute with highly 
specialized inputs in climate scenario modeling. Not 
only was this beneicial to timely completion, but also 
to expose DHM to state-of-the-art cutting edge climate 
science advancements.

The ADPC project team proudly presents Dr. Tore Furevik 
as our team leader and climate scientist. Dr. Furuvik 
has more than 15 years of international experience in 
handling climate downscaling projects, and possesses 
considerable working experience with Asian institutes. 
He was supported by Dr. Senaka Basnayake, who 
functioned as the post-doctoral scientist. Dr. Basnayaka 
has more than 15 years of experience in the analysis 
of observed data for assessing climate change and 
variability and executing regional climate models 
(PRECIS, RegCM3 & WRF). Prior to joining ADPC, Sr. 
Basnayake worked as a Senior Climatologist / Scientist 
for SARRC Meteorological Research Centre (SMRC) in 
Dhaka, Bangladesh. His past working experience with 
SMRC was very useful for the execution of the project 
activities. Web portal developer, Mr. Michael Howden, 
has considerable  experience in developing web portals 
of similar nature. Other reputed climate scientists were 
Dr. Asgeir Sorteberg and Dr. Erick Kolstad of BCCR, Dr. 
V. Veldore from TERI-India, Dr. Jannake Ettema from 
ITC-Netherlands, and Dr. L. Devkota from Tribhuvan 
University-Nepal.

3.6    ADPC’s Commitment to Support the 

Partner Countries 

The success of the project depended, to a great 
extent, on the level of ownership built among the 
involved government agencies and their support 
to local stakeholders. An attempt has been made 
to develop a strategy for implementation of project 
activities together with relevant agencies from the 
initial stages of the project and obtain reviews for 
improved implementation of these activities. Nepal 
is a founder member of the ADPC charter and ADPC 
as an organization is responsible for effective project 
assistance to partner countries. Although it is not a 
contract obligation, assistance will be continued even 
after handing over the inal report to the client. ADPC 
considers this collaboration with Nepalese institutions 
as another opportunity to support one of the important 
countries in the region. Therefore, ADPC is grateful to 

ADB for providing this opportunity for ADPC to build and 
maintain long-term relationships with local Nepalese 
institutions.

3.7   Possibility for Replication

The recommendations made at the end of the 
assignment are aimed to identify key interventions 
for disaster risk reduction related to climate change 
in the country. Indirectly, it contributes to sustainable 
development and prolongation of economic gains of 
Nepal. Nepal is one of the few countries selected by 
ADB to support future implementation of an economic 
risk assessment of future climate change. Hence, this 
project can be considered as a pilot initiative. 

3.8   Flexibility in Operations to Allow Changes 

and Modiications 

The aim was to complete the project by January 4th, 
2012. However, there were some setbacks due to 
circumstances beyond the control of the project team 
and ADB, and therefore modiications involving extra 
works were needed. These additional activities had 
negative impacts on timing of the planned project 
activities implementation, but positive effects on the 
successful accomplishment of the project.
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4
Technical Approach and Methodology

The professionally facilitated inception workshop 
provided a platform for establishing good working 
relationships between the project team and stakeholders. 
The workshop successfully orientated everyone with 
the project goals and everyone agreed on the approach 
adopted. During the workshop, a practical work plan 
was developed to accommodate the responses from 
stakeholders, which includes climate data digitization, 
statistical analyses of historical data, gridded data 
generation, downscaling of future climate projections, 
development of climate data portal, capacity building 
of DHM oficials and awareness rising of policymakers, 
researchers and technical experts.

4.1   Climate Data Digitization, Quality Control 

and Statistical Analysis of Historical 

Meteorological Data

1. Climate data digitization 

Nepal has and maintains 15 synoptic observation 
stations and 22 agro-meteorological observation 
stations. Most of these stations were established around 
1970, providing a long-term meteorological series for 
determining the present-day climate. However, some 
meteorological parameters were not digitized due to 
non-availability of suitable data archiving software or/
and manpower at the DHM of Nepal. This historical 
meteorological data is essential for establishing present 
day climate assessments, evaluating climate models 
and thereby developing future climate change scenarios 
for the country. Therefore, it was of utmost importance 
to digitize the remaining observed meteorological data 
at DHM.

Detailed summary of data digitization assignment:
• Responsible person / team  - Tribhuvan University 

Students 
• Supervisors -  Dr. L. Devkota and DHM staff 

members

• Years digitized   -   All data prior to 1987 
• Number of stations  - 37
      (15 synoptic stations and 22 agro-

meteorological  stations)
• Number of parameters  -  Four (4)
• Names of the parameters   -   Wind speed, 

evaporation, soil moisture and sunshine duration 
• Database system  -  Microsoft Excel/GW Basic
• Timeline   -  15 January – 30 April 2011
• Actions undertaken;
        - Digitizing above speciied data
       - Orientation programs for Tribhuvan Univer  
               - sity students on data digitization conducted     
    by Dr. L. Devkota in collaboration with DHM       
    staff

2.    Quality control of observed data

Quality control of observed data is mandatory as it 
could contain erroneous values and outliers due to 
malfunctioning or replacing of instruments, observational 
errors, wrong data entries to the database, etc. In 
addition, no-observations entries due to non-availability 
of observers (manpower) have to be identiied and 
eventually shown as missing data in the database. The 
quality of the data should be assessed, as these climate 
data will be utilized for spatial planning issues and for 
implementation of national development projects in 
the near future. Therefore, it is necessary to check the 
quality of all observed data from all weather stations 
(309 precipitation and 110 temperature observation 
stations) in Nepal.

Detailed summary of data quality control:
• Responsible person   -   Dr. L. Devkota  
• Years quality controlled  -  All available up to 2009
• Number of stations  -  All 
• Number of parameters   -   All 
• Timeline   -  01 March – 31 May 2011
• Actions undertaken;
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 - Data homogenization software (RHtests V3 
and RClimdex) is used to identify erroneous values and 
outliers.
 - All outliers, erroneous values, and missing 
values were illed with missing data identiier (-99.9).
 - A one-day training session was conducted 
in Katmandu by Dr. L. Devkota to enhance knowledge 
of DHM staff members on quality control methods of 
observed meteorological data and usage of software 
 
3.     Interpolation and gridding of archived observed                    
        meteorological data 

Meteorological station network  is maintained by the 
Department of Hydrology and Meteorology (DHM), 
Government of Nepal. This network of observation 
stations is irregularly distributed; denser on the 
southern lowlands and thinner over the complex terrain 
of northern mountainous region of Nepal. This irregular 
network creates an information gap, which ultimately 
hinders development plans and projects. With spatial 
interpolation techniques the observed meteorological 
data is transformed into high-resolution regular grid 
ields.  

Detailed summary of data interpolation:
• Years to be gridded  -  Rainfall: 1961-2009
•      Temperature: 1971-2009
• Gridding domain - 80.0°E – 88.25 °E; 26.25°N –   

          30.5°N
• Grid intervals   -  0.1° Lat/Lon 
• Timeline   - 01 April – 30 June 2011
• Actions undertaken;
        - Selection of data series based on 
homogeneity tests to be used for the construction of 
gridded data sets over Nepal.
 - Interpolation programs IDW and kringing as 
well as software ANUSPLINE, SURFER and GrADS 
were used to interpolate observed meteorological data 
to a regular grid. 
 - A one-day training session was conducted 
in Kathmandu by Dr. Devkota to enhance knowledge 
of DHM staff members on interpolation and developing 
gridded data sets and usage of software.

ANUSPLIN is an interpolation software package, 
developed by Australian National University. ANUSPLIN 
package provides a facility to perform transparent 
analysis and interpolation of noisy multi-variate data 
using thin plate smoothing splines. ANUSPLIN is best 
utilized for interpolating observed temperature data into 
a ine-grid mesh, because it can take terrain elevation 
into account.  The package contains comprehensive 

statistical analysis, data diagnostics and spatially 
distributed standard errors. SURFER is a contouring 
and 3D surface mapping program. It converts data 
quickly and easily into contours, 3D surface, 3D 
wireframe, vector, image, shaded relief, and post maps. 
GrADS software is also used as an alternative option 
for mapping interpolated observed meteorological data 
and to convert gridded data sets to netCDF format to be 
used in the climate data portal.

4.    Statistical analyses of observed data

Statistical analyses of historical digitized climate 
data is essential for understanding the present-day 
climate, climate change, natural climate variability, and 
its extremes at regional, local, farm or station level. 
Observed meteorological data helps us to understand 
the degree of local climate forcing in different locations 
in the country. This climatic information is essential for 
vulnerability and impact studies in different sectors, 
because climate change will have potential impacts at 
different levels. Statistical quantities such as calculating 
mean, variance, standard deviation maximum, 
minimum, etc. are computed for daily, monthly, seasonal 
and annual data sets of temperature and rainfall.

Detailed summary of Statistical analyses 
• Parameters - Rainfall, temperature (max, min and 

mean)
• Types of analyses  - Mean  - monthly, seasonal, 

annual 
• Standard Deviation (SD), Coeficient of Variation 

(CV), Trends/ Inter & Intra-annual variability, 
Frequency of rainy days 

• Aggregated analysis - All-Nepal and nine 
physiographic zones

• Packages used   -  RClimDex
• Timeline   -   During June-July 2011
• Actions undertaken;
        -  A one-day training session was conducted in 
Kathmandu by Dr. Devkota to enhance the knowledge of 
DHM staff members on statistical analyses of observed 
meteorological data and usage of software.
Summary of the activities data digitization, quality 
control, interpolation, gridding and statistical analyses 
of observed data is listed in Table 4.1.

4.2   Downscaling of Climate Change Projections 

- Dynamic Climate Downscaling over a 

Spatial Domain
 
General Circulation Models (GCM) provide regularly 
spaced, coarse resolution (1-4 degrees latitude/longitude 
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Task No. of Years
No. of 

Stations
Parameters Software Used Timeline Remarks

Climate data digitization
All available 
prior to 1987

37
Wind speed, Evaporation, 
Soil moisture, Sunshine 

Duration

Microsoft Excel/ GW 
Basic

15 January –
30 April 2011

University students are deployed to carry 
out data digitization work at DHM. Data 

unavailable at Head Quarters of DHM were 
collected from regional oficers with the help 

of DHM staff.

Quality control of observed data
All available up 

to 2009
All All  available parameters

RHtests V3 and 
RClimdex

01 March –
31 May 2011

Missing values in the temporal data series of 
rainfall were illed using statistical probability 
distribution function and temperature series 

were illed using hierarchical polynomial 
regression technique.

Interpolation and gridding 
of archived observed 
meteorological data

Rainfall: 
1961-2009 

Temperature: 
1971-2009

All
Rainfall, Mean, Max and 

Min  Temperature

ANUSPLIN, 
SURFER and 

GrADS

01 April –
30 June 2011

Gridding Domain: 79.0°E – 90.0 °E; 25°N – 
32.0°N, Grid intervals: 0.1° Lat/Lon

Statistical analyses of observed 
data

1961-2009 37
Rainfall, Mean, Max and 

Min  Temperature
RClimDex 

During June-July 
2011

Types of analyses: Mean  - monthly, 
seasonal, annual, Standard Deviation (SD)/ 
, Coeficient of Variation (CV), Trends/ Inter 

& Intra -annual variability, Frequency of rainy 
days.

Summary of Activities of Climate Data Digitization, Quality Control, Interpolation, Gridding and Statistical Analysis of 

Historical Meteorological Data

Table. 4.1.  Summary of Activities of Climate Data Digitization, Quality Control, Interpolation, Gridding and Statistical Analysis of Historical Meteorological Data
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~ 100-400 km) climatological and meteorological 
information in a 3-dimensional grid by integrating 
hydrodynamic equations that are derived from three 
basic conservation laws and ideal gas law. Atmospheric 
processes, which deals with ine spatial scale, such as 
clouds, convective precipitation, etc. are not resolved 
in GCMs, but parameterized as detailed topography 
and land-use are not properly represented. Therefore, 
the coarse-scale GCM results are more representative 
over the countries, where the topography is lat and 
away from the coastlines. Nevertheless, GCM results 
would be acceptable for climate change adaptation 
studies that depend on general trends of rainfall and 
temperature, etc. For more speciic analytical tasks 
such as forecasting of absolute changes in agriculture 
yields at farm level, estimating surface runoff, river 
discharges at basin level etc, GCMs are not the 
appropriate tool. To satisfy this demand of detail, climate 
information derived from GCMs need to be downscaled 
for a country like Nepal, as it has a complex topography 
towards the northern parts of the country.  Regional 
Climate Model (RCM) is the most reliable option for 
downscaling coarse resolution of GCMs outputs to ine 
resolution (12, 20 and 25 km) grids, incorporating local 
topography in Nepal and its surroundings. We used 
PRECIS, RegCM4 and WRF models for downscaling 
of GCMs climate information over Nepal. By choosing 
three different models, the assimilated results are not 
model dependent, but representative for the natural 
climate variability.

PRECIS is a primitive equation hydrostatic model that 
was developed by the UK Met ofice Hadley Centre, 
which runs with 19 levels in hybrid vertical coordinate 
(Simmons and Burridge, 1981; Simon et al., 2004). It 
generally runs with 50 km horizontal resolution with 
the option of ining to 25 km. The latter resolution was 
chosen for this project. RegCM4 is the latest version 
(released in July 2010) of the irst generation climate 
model RegCM of NCAR, USA,  developed by the Physics 
of Weather and Climate (PWC) of International Centre 
for Theoretical Physics (ICTP) of Italy. It is a community 
model and has been widely used in many countries for 
climate studies over the past few years with the older 
version RegCM3. WRF is a next generation mesoscale 
numerical weather forecasting community model, which 
has the potential to simulate meteorological phenomena 
ranging from meters to thousands of kilometers (Wang, 
et al., 2008). Advance Research WRF (ARW) is a 
dynamic solver (Skamarock, 2005), which is compatible 
with the WRF system. It integrates the compressible, 
non-hydrostatics Euler equations, which are cast in 
lux form (Ooyama, 1990) with terrain-following mass 

vertical coordinates (Laprise, 1992). 

A dedicated team from BCCR of Bergen, Norway, TERI 
of New Delhi, India, ITC of Netherland and ADPC of 
Bangkok, Thailand were involved in downscaling of 
future climate projections and model validation activities 
with RCMs. Lateral Boundary Conditions (LBCs) from 
several GCMs were used with different emission 
scenarios (SRES) to project future climate changes 
over Nepal due to continued anthropogenic inputs 
of greenhouse gases.  A1B is regarded as “medium” 
and A2 is regarded as “high” emission trajectory as 
proposed under the SRES (IPCC, 2007).

Detailed summary of downscaling of future climate 
projections:
• PRECIS, RegCM4 and WRF models were run in 

a bigger domain to capture land-sea interaction, 
large scale features such as monsoon effect, 
western disturbances, easterly waves, etc. The 
same domain was used as 68.0°E-100.0°E; 
01°S-38.0°N for three models and horizontal 
resolutions were 25, 20 and 12 km respectively 
(Fig. 3.1).

• Model results were extracted for a smaller domain 
over Nepal for visualization through the web portal. 
The smaller domain size was 79.0°E-90.0°E; 
25.0°N-32.0°N (Fig. 3.2).

• The future climate projections were run for the 
period 2030 to 2060 (representative for mid-21st 
century) for Nepal with A1B and A2 scenarios.

• In order to evaluate the performance of the RCMs 
(PRECIS, RegCM4 and WRF), the RCMs were 
forced with hindcast data from the GCMs for the 
baseline period from 1971 to 2000. Downscaled 
hind-cast data was compared with the observed 
digitized station data in Nepal and model biases 
at 96 meteorological stations were calculated and 
documented.   

•	 Executing	 of	WRF	 (12	 km	 resolution)	
model for downscaling of future climate over 
Nepal was done at BCCR in Bergen Norway 
(our joint venture partner of this project) with 
their Cray XT4 super computer facilities. LBCs 
for A1B scenario came from ECHAM05 ((R1b) 
GCM by Max-Planck-Institute), GFDL2.0 ((R2) 
GCM by the National Oceanic and Atmospheric 
Administration), CCSM ((R3) GCM by the UK Met 
Ofice) and HadCM3 ((R4) GCM by the National 
Centre for Atmospheric Research) . Validation for 
the baseline (ERA-40 (F) run for 1971-2000), bias 
calculation, at about 96 meteorological stations, 
graphical representation of downscaled products, 
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etc. were also done at BCCR under the supervision 
of lead climate scientist.

•	 Executing	of	PRECIS	(25	km	resolution)	
was done at TERI of New Delhi, India (resource 
partner) with its dedicated ile servers (1 TB hard 
disk, 8GB RAM and quad core performance). Fifth 
generation model of Max Plank Institute of Germany 
(ECHAM05-MPI) was used as LBCs for SRES 
scenario A1B. The sea surface boundary conditions 
were taken directly from ocean component of 
the ECHAM05 model. Validation work with the 
baseline (ERA-40 for 1971-2000), bias calculation 
at about 96 meteorological stations, graphical 
representation of downscaled products and other 
relevant work were also done at TERI, New Delhi, 
India. This work was carried out by the modeling 
expert at TERI in collaboration with lead climate 
scientist and post-doctoral scientist in ADPC. 

•	 Executing	RegCM4	(20	km	resolution), 
the newest version of RegCM4, was released in July 
2010 and was run at ADPC with its IBM Power 755 
High Performing computer with ECHAM05-MPI for 
SRES scenario A1B and ECHAM04-MPI for SRES 
scenario A2. Relevant baseline validation (ERA-40 
for period 1971-2000), bias calculation at about 96 
meteorological stations, and other relevant work 
were done at ADPC under the supervision of the 
post-doctoral scientist and in collaboration with the 
lead climate scientist. 

•	 Executing	of	PRECIS	(25	km	resolution) 
model was done at ADPC-Bangkok with its dedicated 
high-end PC. Hadley Centre model (HadCM3Q0) 
was used as LBCs for SRES scenario A1B. The 

sea surface boundary conditions were taken 
directly from ocean component of the HadCM3Q0 
model. Validation work with the baseline (ERA-40 
for period 1971-2000), bias calculation at about 96 
meteorological stations, graphical representation 
of downscaled products and other relevant works 
were done at ADPC under the supervision of the 
post-doctoral scientist and in collaboration with the 
lead climate scientist.

• A two (2) day hands-on training workshop on 
PRECIS downscaling model was organized at 
TERI, New Delhi, India for three (3) oficials of 
DHM from August 16th-17th, 2011.

• Three (3) oficials of DHM visited BCCR, Bergen 
Norway for attending “NorWRF 2011” workshop 
from September 5th-9th, 2011.  

• A one (1) week comprehensive training workshop 
(with hands on exercises) was conducted for three 
(3) oficials of DHM on WRF model from October 
10th-14th,  2011 in Bangkok, Thailand.  

• A three (3) day training workshop on RegCM4 was 
conducted for three (3) oficials of DHM at ADPC 
from March 6th- 8th, 2012. 

4.3  Nepal Climate Data Portal Development 
 
Open access to accurate and representative climate 
information has a huge impact on awareness rising, 
especially issues concerning climate change. 
Availability of climatic data is identiied as one of the 
most important elements under the United Nations 
Framework Convention on Climate Change (UNFCCC) 
and its subsequent Kyoto Protocol to combat 
unprecedented climate change. In addition, access to a 
meteorological/climatological database via a web portal 
is essential for climate change assessments by sector 
speciic policymakers, planners, stakeholders and end 
users in agriculture & food security, water resources, 
biodiversity, health, etc. and for the general public to 
plan their routing works.  

Stakeholders were involved with the development of 
the portal as much as possible, speciically through the 
following activities:
• Session to collect user needs during the inception 

workshop
• Online stakeholder survey conducted to collect 

speciic needs and preferences for the design of 
the portal

 - https://spreadsheets.google.com/viewform
?formkey=dGN2Q1NWUC1LT29aejV4ajhK
S1A0S1E6MQ  (English)

Fig. 4.1. Executing WRF model using global climate models 
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Fig. 4.2. Model domain for all three models PRECIS, WRF, and RegCM4

Fig. 4.3. Visualization of domain focus on Nepal in climate data portal
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Institute RCM GCM Scenario
Running
Domain

Result Extracting 
Domain

Horizontal 
Resolution

(Km)

Validation 
Period

Downscaling 
Period

Outputs
Utilizing 

Technology

BCCR WRF
ECHAM05, 

GFDL2.0, CCSM 
and HadCM3

A1B

68.0°E 100.0°E; 
01°S-38.0°N

79.0°E-90.0°E; 
25.0°N-32.0°N

12

1971 to 2000 2030 to 2060
Rainfall, Mean, Max and 

Min Temperature,RH, 
Sea Level Pressure and 

Ground Wind

Cray XT4 super 
computer

TERI PRECIS ECHAM05 A1B 25 High-end PC

ADPC PRECIS HadCM3Q0 A1B 25 High-end PC

ADPC RegCM4
ECHAM05 and 

ECHAM04
A1B and 

A2
20 1961 to 1990

2030 to 2060 
and

2040 t0 2070
IBM Power 755

Details of Downscaling of Climate Change Projections

Table. 4.2.   Details of Downscaling of Climate Change Projections 
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- https://spreadsheets.google.com/viewform?fo
rmkey=dGhWVzBZZDY4S1R5bXpUYmdQM
EI4VFE6MQ (Nepali)

• Consultative process with key stakeholders at 
DHM to gather approval for the preliminary design 
of the portal

• User testing with interested stakeholders for 
usability feedback

• Tow consultation workshops (November 27, 
2011 and March 1, 2012) on climate data portal 
to assess speciic user needs and preferences 
through group discussions and questionnaires. 
Stakeholder consensus was acquired to further 
improve and inalize the design of the prototype 
version of climate data portal. And this was to 
ensure that the system could serve real needs of 
real potential users. Much of the feedback from 
those two workshops has been incorporated into 
the current system.

(i)  Design Data Portal

On a technical level, there is a close alignment between 
the requirements of the Nepal Climate Data Portal for 
historical climate data and projected climate data. This 
portal provides users with an integrated platform to 
access climate data and the ability to compare historic 
with projected climate data. 

• Technology/tools used  - 
Server Architecture: Redhat Enterprise Linux 
version 6, Quad-core, 8 GB RAM.

Software Dependencies: Sahana Eden 
Humanitarian Open Source Software, GeoServer, 
Python 2.6, R, R multicore library, RPostgreSQL, 
rpy2, PIL, xvfb, PyQT4, QTWebKit.

Internet

Nepal Climate 

Data Portal Server 

Clients

Tablets

Fig. 4.4. Standard Client / Server Architecture of the Nepal Climate Data Portal

Fig. 4.5. Application Architecture of the Nepal Climate Data Portal
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The Nepal Climate Data Portal allows users to 
visualize climatic data (future climate projections 
and observations) on an interactive map. Different 
information products are developed, including exporting 
the raw data. 

(ii)   Querying Climate Data

The user queries data and information products that 
they require through a form in which they enter the 
following criteria:
• Type of Climate Data (Observed/Gridded/

Projected)
- For Projected: Type of Model (RCM/GCM/ 

SRES ) & Projection (include options)
• Location or Region (within 79.0°E-90.0°E; 

25.0°N-32.0°N)
• Date (range)
• Period  (for statistics)
• Climate Parameter  (temperature/wind speed/

precipitation/etc)
• Statistics 

The Nepal Climate Data Portal offers a number of 
general queries on its home page where the user will 
be able to make and save their own queries using the 
free form query option. 

(iii)   Information Products

The Nepal Climate Data Portal produces various 
information products from the observed, gridded 
and projected climate data to cater to the needs of 
different stakeholders. Technical experts and climate 
professionals prefer raw data for their own analysis 
while other professionals, such as government oficials, 
policymakers and planners want analyzed end products 
such as maps and charts. The Nepal Climate Data 
Portal provides the following data types based on 
speciic queries:
• Gridded Climate Data (observed  & projected) 

in .dat (ascii) and netCDF (where appropriate) 
formats

• Maps visualizing gridded observed climatic 
variables (Monthly/Seasonal/Annual) in GIF and 
PNG image formats

• Time series plots of modeled climate parameters 
(present-day and future scenarios) in GIF and PNG 
image formats

(iv)   Features

• The portal can be thought of as a sophisticated web-
based calculating engine with its own database.

• The portal facilitates the analysis of climatological 
/ meteorological, geographical and projection data 

using a publicly accessible web-based interface. 
Its intended audience includes scientists, students 
and policy makers who need to understand past 
and future (projected) weather patterns

• Calculation results are maps, time-series charts, or 
downloadable CSV data

• User interface allows additional climate data in 
netCDF format to be uploaded into the Nepal 
Climate Data Portal. Ultimately, it is designed to 
make sure that the data that has been collected 
can be put to as good use as possible. 

• Raw observed climate time series are only 
accessible if purchased. The Nepal Climate Data 
Portal includes information on pricing options as 
speciied by the DHM (sole authority of pricing of 
historical data is with DHM). Users will be able to 
purchase data directly from the site. Payments will 
be completed as follows:

- Ofline, with a payment made to the DHM  
ofice or Bank. After this payment is received, 
the user will be authorized to download the 
purchased data

(v)   Infrastructure

The Nepal Climate Data Portal was installed on the 
same server as the FMI/RTS System at the National 
Information Technology Center at Singh Darbar. This 
task was accomplished in coordination with the DHM 
and RTS oficials. DHM’s IT staff was trained to ensure 
the sustainable maintenance of the system and the 
Nepal Climate Data Portal.
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5

Nepal extends from 26°22’ to 30°27’N in latitude 
and 80°40’ to 88°12’E in longitude. The country is 
approximately 885 km from east to west, and the north-
south width varies from 145 km to 241 km. Within this 
range, the altitudinal variation is from approximately 
60m above mean sea level in the southern plain (called 
Tarai) to the Mount Everest (8848m) in the northeast. 
Out of 147,181 km2, the total area of the country, about 
86% is comprised of hilly and mountainous regions, 
with the remaining 14% as latland.

Rapid changes in altitude and aspect along the latitude, 
creates a wide range of climatic conditions in Nepal. 
As a consequence, within a span of less than 200 
km Nepal encounters almost all types of climates, 
subtropical to alpine/arctic. The temperature in Nepal 
varies mainly with topographic variations along south-
north direction. Eighty percent of the precipitation in 
Nepal comes in the form of summer monsoon rain and 
winter rains are more common in the western hills. As 
the occurrence of monsoon rains is dominant in the 
temporal distribution of precipitation, the season can 
be deined as: monsoon (June to September), post-
monsoon (October to November), winter (December 
to February), and pre-monsoon (March to May). The 
climate of Nepal is mainly characterized by altitude, 
topography and seasonal atmospheric circulations. 

Before 1970, there were few meteorological stations 
across Nepal to gather meteorological data. The limited 
climatic data is largely due to the complex regional 
features of the country.  It was only after the 1970s 
that reasonable coverage of station networks started 
to establish. However, at higher altitudes climate 
observations in Nepal initiated from 1988 onwards. 
This project, therefore, tries to utilize maximum 
possible qualitative data for systematic analysis to 
achieve the goal of better understanding the climate 
of Nepal. The climatology is presented for the period 
from 1971-2009, including all available measurements 

in that period . On the website of DHM (http://www.
dhm.gov.np/meteorological-station) information on 
the data availability, coordinates and elevation of the 
meteorological station network over Nepal could be 
found.  Putting restrictions based on data availability 
would exclude, for instance, all high-altitude stations as 
they cover mostly the period 1988-2009.

Statistical analysis of historical digitized climate data 
is essential for understanding the present-day climate, 
climate change, natural climate variability, extreme 
events, etc. at station level. It also helps us to understand 
the degree of local climate forcing in different locations 
in the country. This information would also be helpful 
for vulnerability and impact studies in different sectors, 
which are having probable impact due to climate change 
at different levels. For decision support, the results are 
aggregated to the six regions: Eastern Tarai and Siwallik 
(ETS), Eastern Middle Mountain (EMM), Central Tarai 
and Siwalik (CTS), Central Middle Mountain (CMM), 
Western Tarai and Siwalik (WTS), and Western Middle 
Mountain (WMM).

In this chapter, the focus is on the climate data made 
available through the web portal. First the variables and 
the statistics presented are introduced (session 5.1), 
followed by results from the statistical analysis on these 
observed parameters is presented with session 5.2 and 
5.3 on minimum  and maximum temperature and on 
precipitation, respectively. 

5.1  DHM Observational Data Base

The climate data provided in the web portal can be used 
to generate these time-length graphics and analyze 
as needed by the end users, as well as the inputs in 
surface modeling for climate change impact studies. 
The following observed and analyzed products are 
considered for inclusion in the DHM data base/portal: 

Observational Data: 
Results, Discussions and Conclusions
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Error corrected observed daily and monthly data for 
precipitation and maximum and minimum temperatures.

5.1.1.   Precipitation analysis
• Maps of precipitation showing mean and 

coeficient of variations for monthly, seasonal 
and annual periods (1961-2009)

• Maps of precipitation showing mean and 
coeficient of variations for seasonal and annual 
periods (1961-1990 and 1971-2000)

• Maps of precipitation showing linear trends for 
seasonal and annual periods (1971-2009)

• Gridded monthly precipitation data (1961-2009)
• Regional precipitation analysis (Nine regions 

and one all-Nepal analysis with mean, 
coeficient of variations and trends (F-value 
and Man Kendall stat. included) (1971-2009), 
seasonal and annual values in tabular form

• Extreme precipitation analysis (key locations 
only)

5.1.2.   Temperature analysis
• Maps of TMAX and TMIN showing mean and 

standard deviation for monthly, seasonal and 
annual periods (1971-2009)

• Maps of TMAX and TMIN showing mean and 
standard deviation for seasonal and annual 
periods (1971-2000)

• Maps of TMAX and TMIN showing linear trends 
for seasonal and annual periods (1971-2009)

• Gridded monthly TMAX and TMIN data (1971-
2009)

• Regional TMAX and TMIN analysis (Nine 
regions and one all-Nepal analysis with Mean, 
standard deviation and Trends (F-value and 
Man Kendall statistics included) (1971-2009), 
seasonal and annual values in tabular form

• Extreme TMAX and TMIN analysis (key 
locations only)

All observational maps are gridded to the regional 
climate model resolutions of 25, 20, 12 and 10 km to 
support model performance analysis and model bias 
computation. These maps are also made available 
through the web portal. Gridding data means that 
one computes an average for a certain area rather 
than interpolating between for point locations. 
As consequence, local extreme values could be 
smoothened over larger area, thus decreasing the 
spread of the variable, and thus changing spatial 
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Fig. 5.1. Location maps of temperature and precipitation observations in Nepal

Fig. 5.2. Map of Nepal showing nine zones
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distribution. One has to bear in mind that an observation 
is valid for a localized point, where a grid box represents 
not only this point, but also its surroundings. The bigger 
the grid size, the larger the smoothening effect will be. 
Therefore, in the remainder of this chapter we focus 
on describing the interpolated maps, not the gridded 
data, as the former represents best the observational 
records. 

Quality control of observed meteorological data from the 
weather stations is mandatory as there could be some 
erroneous values and outliers due to malfunctioning 
or replacement of instruments, observational errors, 
and wrong data entries to the database, changes in 
the direct station environments, etc. In addition, data 
gaps or no-observations entries need to be identiied, 
which could be due to non-availability of observers, or 
nonfunctioning of instruments. Careful examination of 
data were performed, e.g. lagging problematic data 
when values were over 3 standard deviations from 
the mean, or when minimum daily temperature was 
recorded higher than the maximum daily temperature, 
or when precipitation was recorded as negative, etc. 
Whenever inhomogeneities were detected, its data was 
removed and replaced by the missing data identiier.

5.2  Statistical Analysis of  Temperature

Daily maximum temperature is important for climate 
change impact study, because it is intimately related 
to agriculture, water resources and power generation.  
Additionally the daily minimum temperature is very 
important particularly for the assessment of crop yield.  
It is also indicative for the occurrence of cold surges 
with very low temperatures during the winter period. For 
applications, only seasonal and annual climatologies 
would not be suficient, therefore also monthly and 
daily data is made available. Monthly information is 
available through the web portal, but daily data has to 
be requested from DHM.

5.2.1.  Monthly statistics

The spatial distributions of the monthly averaged 
daily maximum and minimum temperatures and their 
standard deviations (period 1961-2009) are depicted in 
annex-1 as Fig. A1.1 to A1.6. As anticipated, monthly 
temperature are profoundly higher along southern 
planes and lower in northern mountainous region of 
the country throughout the whole year. The monthly 
averaged maximum temperature is highest in May, 
reaching 38°C, and is lowest from January through 
March, reaching -4°C. The monthly averaged minimum 

temperature is highest later in the year, in July and 
August, reaching values of about 24°C, and is lowest 
in December of previous year to February, with values 
of about -12°C. The highest maximum temperature 
occurs in May while the highest minimum temperature 
is in July and August, because intense convective 
clouds during monsoon months (June – September) 
prevent further warming and thus the daily maximum 
temperature to occur in July and August. The one-month 
lag in occurrence of lowest maximum temperature from 
January to March and lowest minimum temperature 
from December of previous year to February is due to 
the presence of snow and glaciers at high altitudes.

The spatial distributions of monthly standard deviations 
(also Fig. A1.1 to A1.6) show for most parts of the 
country higher variations in maximum temperature than 
in minimum temperature. Exception is the monsoon 
season from June to September, when the signal is 
slightly reversed.  The standard deviations in both 
temperatures are relatively small in warmer months 
(April – September) and relatively large in cooler 
months (October – March), which are primarily due 
to the cloudy condition in former and clear sky in later 
months. During the monsoon period, both maximum 
and minimum temperatures have larger variations over 
west Nepal than over east due to lower monsoonal 
activities (thus clouds) in the west than in the east. 
In addition, pockets of remarkably high variations are 
evident along the northern high mountainous region of 
Nepal prominently in cooler months. 

5.2.2.  Seasonal and annual statistics

The spatial distributions of the seasonal and annual 
maximum and minimum temperatures and their 
standard deviations for 1971-2009 are depicted in Fig. 
5.3 to 5.5.   

In annual maps, it is shown that the averaged maximum 
daily temperature is more than 30°C recorded over the 
southern plains of the Tarai. The maximum temperature 
is lowest (>14°C) for a pocket in the north eastern high 
mountainous region, while it is below 18°C measured 
in the northern high mountainous region, reaching 
below 6°C in the northwestern Mount Everest region. 
The pattern for the annual minimum daily temperature 
is very similar. The lowest averaged daily minimum 
temperature is less than 4°C recorded over the same 
northwestern high mountainous region. The highest 
annual minimum daily temperatures of above 16°C are 
recorded in the southern plains.
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Fig. 5.3. Mean maximum and minimum temperatures (º C) and standard deviations (º C) for winter and spring (1971-2009)
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Fig. 5.4. Mean maximum and minimum temperatures (º C) and standard deviations (º C) for summer and autumn (1971-2009)
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Fig. 5.5. Annual mean maximum and minimum temperatures (º C) and standard deviations (º C) for 1971-2009

80 81 82 83 84 85 86 87 88

27

28

29

30

0 6 12 18 24 30

ANNUAL TMAX (1971-2009)

80 81 82 83 84 85 86 87 88

27

28

29

30

-8 -4 0 4 8 12 16

ANNUAL TMIN (1971-2009)

80 81 82 83 84 85 86 87 88

27

28

29

30

0 0.3 0.6 0.9 1.2 1.5 1.8

ANNUAL TMAX SD (1971-2009)

80 81 82 83 84 85 86 87 88

27

28

29

30

0 0.3 0.6 0.9 1.2 1.5 1.8

ANNUAL TMIN SD (1971-2009)

The seasonal averaged maximum temperatures are 
highest in the pre-monsoon (MAM) reaching as high 
as 36ºC along the southern tips of central Nepal. The 
lowest seasonal averaged minimum temperatures 
are recorded in winter (DJF) over northeastern high 
mountainous region, where the averaged daily minimum 
temperatures are below -12°C. In between these 
two extreme conditions, monsoon (JJAS) in Nepal is 
slightly warmer than post-monsoon season (ON) in 
both maximum and minimum temperatures. During 
the monsoon season (JJAS), the warmest region with 
maximum temperature above 32°C is found over the 
southern plains, similar to annual distribution. In most 
parts of Nepal monsoon season maximum temperature 
is above 22°C, except in the northern most narrow belt 
of highest elevation. Similar pattern, but with lower 
values, is seen in the minimum daily temperature.

The winter (DJF) and pre-monsoon (MAM) seasons 
have a larger latitudinal temperature gradient 
compared to monsoon (JJAS) and post-monsoon 
(ON) seasons. During all seasons, the western Tarai 
experience a slightly lower maximum temperature than 
the eastern Tarai, indicating a more cloudy condition 
in the west than the east due to the inluence of 
western disturbances. Careful examination in seasonal 
averaged temperatures between east and west Nepal 
indicates larger temperature monthly amplitude in the 
west than in the east. Such behavior could be due to the 

combined inluence of the northward tilt and continental 
character of west Nepal. 

Seasonal and annual distributions of the standard 
deviations (also Fig. 5.3 to 5.5) show very similar 
variations in maximum temperature as in minimum 
temperature over most parts of the country. The 
seasonal standard deviation is mostly between 0.8 
and 1.2°C, except for monsoon season (0.5 to 0.9°C). 
Exception is the northern high altitude region, where the 
variability in both maximum and minimum temperatures 
are larger, where the variations in minimum temperature 
are generally larger than in maximum temperature. The 
variability in the annual distributions of the maximum 
and minimum temperature is almost identical. 

The seasonal and annual mean and standard deviation 
of both maximum and minimum temperatures (1971-
2009) are computed for six regional and one all-Nepal 
series (Table A6.1 and A6.2 in Annex- 6). Averaged over 
the whole of Nepal, both the maximum and minimum 
daily temperature show a clear interannual cycle with 
highest values of 32°C and 21°C, respectively in the 
pre-monsoon (MAM) and summer (JJAS), and lowest 
values of 24°C and 8°C, respectively in winter (DJF). 
The monsoon (JJAS) averaged maximum temperature 
of 32°C is rather uniform for the three Tarai and Siwalik 
regions, and increases from east (26°C) towards west 
(30°C) over Middle Mountain regions.  
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The winter (DJF) averaged minimum daily temperature 
increases from west (8°C) towards east (10°C) over the 
Tarai and Siwalik regions, and is constant (6°C) over 
east and center Middle Mountains with slight increase to 
west (7°C). These tables indicate that the temperatures 
over Tarai and Siwalik regions are less sensitive to the 
monsoon convective circulation than Middle Mountain 
regions. Also, west Nepal has relatively more extreme 
climatic characteristics compared to the east. 

Averaged over the regions and for all-Nepal temperature 
series show a higher variability in maximum than in 
minimum daily temperature in most cases. Variability 
in both the maximum and the minimum temperature 
in general is highest in winter (DJF) and pre-monsoon 
season (MAM), and lowest in monsoon season (JJAS). 
However, the highest standard deviation of 1.2°C over 
ETS region is found in post-monsoon season (ON). 
Exception is the WMM region where the variability in 
minimum temperature does not change with seasons.

5.2.3. Trend analysis

Seasonal and annual time series of surface maximum 
and minimum temperature for the period 1971-2009 for 
the entire country is shown in Fig. A5.1 in the annex-5.   
The statistical characteristics of these time series are 
summarized in Table A6.1. and A6.2. in the annex- 6.

The linear trend analysis in this report is considered as a 
monotonic increase or decrease in the average value of 
the parameter that is observed between the beginning 
and end of the period (1971-2009). However, due to the 
fact that most stations show gaps in their dataset for the 
period 1971-2009, and thus do not provide a continuous 
time series, the discussion of the trend analysis will be 
limited to a few locations.

The temperature trends in °C per year, F-value for 
testing the signiicance of linear trend and Mann-Kendall 
rank statistic  for evaluation of the presence of non-
linearity in the series are presented for the six regions 
and all-Nepal in table A6.1 and A6.2. All six regions, 
including all-Nepal, of both maximum and minimum 
daily temperatures show increasing trends during all 
seasons. These trends, in general, are found higher in 
maximum than in minimum temperature. The highest 
increasing trend of 0.07°C/year is found in maximum 
temperature over the ETS region during autumn. In 
general, the magnitude of trends in both maximum and 
minimum temperatures is larger over ETS than EMM 
regions, whereas it is smaller over CTS and WTS than 
the CMM and WMM.

5.2.4. Extreme events

Based on observational time series several extreme 
weather indices can be computed according to Klein 
Tank et al., (2009). For this report the annual maximum 
and minimum values of daily minimum (TMIN) and 
maximum temperature (TMAX) are computed together 
with the diurnal range, the number of frost days (TMIN < 
0°C), the number of summer days (TMAX > 25°C), the 
number of summer nights (TMIN > 20°C), the number 
of winter days (TMAX < 0°C), and the number of winter 
nights (TMIN < 0°C) .

Fig. A2.1 in the annex- 1 depicts annual trends in 
various temperature indices , where the temperature 
index of maximum TMAX shows positive trends at most 
of the locations, while the minimum TMAX, maximum 
TMIN and minimum TMIN all show mixed signals. The 
negative trends, particularly in minimum TMAX, all 
along the southern plane of Nepal could be due to the 
increasing persistence of winter fog episodes, which 
reduces the daily maximum temperature signiicantly. As 
result, the trend in diurnal temperature range (monthly 
mean difference between daily maximum and minimum 
temperatures)  are positive over most of the stations 
and negative over the southern plain. A decreasing 
trend in the occurrences of frost days is seen, however, 
there is no data available for most stations to do a 
thorough analysis. The number of summer days as well 
as of summer nights is increasing for most stations. 
Decreasing trends are seen in the number of winter 
days as well as in winter nights, except over southern 
Tarai region where the number winter days seem to be 
increasing. 

5.3  Statistical Analysis of Precipitation

5.3.1. Monthly statistics

Spatial distribution of monthly precipitation and their 
coeficient of variations over Nepal during January to 
December are shown in Fig. A3.1 to A3.3 in the annex- 
3. Although the months December and January are 
driest (precipitation sum below 60 mm), the precipitation 
amount is relatively high over western Nepal compared 
to the rest of the country. For the other months there 
is no such clear gradient over the country. For most 
months, the station Chepuwa (2590 m elevation) in the 
northeast reports lower precipitation amounts compared 
to its surroundings, probably due to the direct sheltering 
effects of the rain gauge.
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During the pre-monsoon months March, April and May, 
the precipitation amount generally increases, with 
more precipitation in east Nepal compared to west. 
During the core monsoon months of July and August, 
the precipitation pattern is rather stable with high 
precipitation pockets located over central mountainous 
region (south of Annapurna Range) and eastern 
high mountainous regions. Also, the rain shadow 
area on the northern part of the Annapurna Range 
is semi-permanent during the monsoon with varying 
intensities during different months. During September, 
the precipitation amount decreases sharply towards 
November, when precipitation is at its lowest monthly 
value all over the country. 

Spatial distributions of monthly coeficient of variations    
are shown also in Fig. A3.1 to A3.3. In general, the 
highest precipitation variations are found in areas with 
low precipitation and low variations in areas with high 
precipitation amounts. The smallest variations are 
observed during the monsoon (July – September) and 
largest in drier months (October – March). In January 
and February, relatively low variations are observed 
over western Nepal, and relatively high variations 
are observed over the northwestern rainy shadow 
area, southern plane and middle mountainous region 
of central and eastern Nepal. During core monsoon 
months of July and August, precipitation has larger 
variations over lee of Annapurna range and lowest over 
windward side of the same range, mostly likely linked to 
the intensity of the monsoon circulation.

5.3.2. Seasonal and annual statistics
 
Distribution of seasonal and annual precipitation over 
Nepal and their coeficient of variations are depicted 
in Fig. 5.6 for the period 1961-2009. The annual 
precipitation shows a few high precipitation pockets, 
with over 2250 mm of precipitation over the central 
mountainous region and eastern high mountainous 
regions. The precipitation is lower over the northwestern 
high mountainous region and central high mountain 
region. The lowest precipitation is reported on the 
leeside of the Anapurna range, exhibiting less than 750 
mm per year, where its southern lanks are the wettest 
regions in Nepal with over 3750 mm per year.

Winter (DJF) is the driest season where monsoon 
season (JJAS) is the wettest season for Nepal. During 
winter, the far western part is wettest with precipitation 
of around 130 mm with a few isolated wet pockets in 
central and far eastern high mountainous regions. The 
Taria region and most of the middle mountainous region 

receive less than 40 mm of precipitation, making winter 
the driest season. This precipitation pattern suggests 
that substantial part of winter precipitation is forced by 
western disturbances over Nepal. 

During the monsoon season (JJAS) the precipitation 
is highest, ranging from more than 4500 mm over the 
southern lank of Annapurna range to less than 750 mm 
on the lee side of the same range. This pattern relects 
the importance of topography on spatial variations of 
precipitation distribution. Similarly, the eastern high-
altitude regions show two pockets of more than 2250 
mm monsoon precipitation with leeward minima. The 
remainder of the country record precipitation sums of 
approximately 750-1500 mm, which increases towards 
the mountains. This monsoon season is very important 
for the agriculture and water resources, as well as 
power generation in Nepal.

Pre and post-monsoon precipitation distributions also, 
more or less, follow the monsoonal distributions but 
with lower intensities.  The increased thunder activities 
seem to contribute to relatively higher precipitation 
over eastern half of the country during these seasons. 
The amount of precipitation is relatively higher in 
pre-monsoon than in post-monsoon. The annual 
precipitation pattern over Nepal is dominated by the 
monsoon precipitation distributions but with larger 
magnitude.

Similar to the monthly distribution, the distributions 
of coeficient of variations computed from the annual 
precipitation are generally high over low precipitation 
and low over high precipitation areas. Seasonal 
precipitation variability is found lowest during the 
monsoon and highest in post-monsoon throughout the 
country, closely related to the persistence and timing 
of the monsoon rains. During the monsoon (JJAS), the 
variability ranges from less than 20% of summer mean 
over the region of high precipitation areas to more than 
80% over the lee of the Anapurna range, the driest 
region in Nepal. During pre-monsoon, western Nepal 
has higher variability than central and eastern Nepal. 
In winter, less than 40% of the seasonal total is evident 
over the far western part and few isolated pockets of 
central and far eastern high mountainous regions of 
Nepal. However, the rest of the country has a variability 
of more than 60%. The annual spatial distributions of 
coeficient of variation show similarities to monsoonal 
distribution, but with slightly diminished magnitude.  

The seasonal and annual mean and coeficient of 
variations (CV) of precipitation (1971-2009) are 
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Fig. 5.6. Annual and seasonal precipitation (mm) and coeficient of variations (% of average) for winter, pre-monsoon, monsoon and 
post-monsoon seasons (1961-2009)
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computed for six regions and for whole of Nepal series 
(Table A6.3 in the annex- 6).  There is a clear interannual 
cycle in All-Nepal with maximum (1469 mm) during 
summer monsoon season (JJAS) and minimum (60 
mm) during winter (DJF), while the variability is highest 
(57%) in post-monsoon and lowest (11%) in monsoon 
seasons. Summer monsoon rainfall is highest (1822 
mm) over CMM region and lowest (1257 mm) over 
WMM region of Nepal. On average the Eastern Tarai 
Siwalik receives the lowest mean seasonal precipitation, 
namely 33 mm in winter, although on annual basis the 
Western Tarai Siwalik region is driest (1606 mm per 
year). Variability of seasonal rainfall is found highest 
over WMM region during the post-monsoon season, 
when CV is as high as 101 % of normal precipitation.

5.3.3.  Trend analysis

Seasonal and annual time series maps of precipitation 
for the period 1971-2009 for the entire country is 
shown in Fig. A5.3 in the annex- 5. The statistical 
characteristics of these time series are summarized 
in Table A6.3 in annex-6. The linear trend analysis in 
this report is considered as a monotonic increase or 
decrease in the average value of the parameter that is 
observed between the beginning and end of the period 
(1971-2009). As the precipitation records are generally 
longer compared to the temperature observational time 
series, trend analysis over the full country is performed. 

During winter (DJF) and pre-monsoon periods, 
distributions of precipitation trends in Nepal show 
domination of decreasing trends over most parts of 
western Nepal and increasing trends over central and 
eastern Nepal. Whereas during the post-monsoon 
period, such distributions of increasing and decreasing 
trends is reversed. However, domination of increasing 
or decreasing trends over an extended area is absent 
in monsoon and annual distributions. The magnitude 
of percentage change in seasonal trends is found 
highest in post-monsoon season and lowest in 
monsoon season. Decreasing trends are dominating 
in all seasonal as well as annual distributions over the 
northern high mountainous region, prominently at rain 
shadow of Annapurna range.

Table A6.3 summarizes the results for 6 regions 
and whole of Nepal, where F-value is used to test 
the signiicance of the results in linear trend and the 
Mann-Kendall rank statistics for the evaluation of the 
presence or the absence of non-linearity in the trend. 
The regional signal of the precipitation trend is not 
uniform over the different seasons, nor uniform over 

the country. The highest increasing trend of all-Nepal 
precipitation with 0.26 (% of average/year) is observed 
during pre-monsoon season and the highest decreasing 
trend with –0.79 (% of average/year) observed during 
post-monsoon season.  However, winter and summer 
precipitations are found almost trendless. Similarly, 
the highest increasing trend of regional precipitation 
with 0.76 (% of average/year) is observed over WTS 
in pre-monsoon and highest decreasing with -1.44 (% 
of average/year) over CMM in post-monsoon season.

5.3.4.   Extreme events

Various extreme precipitation indices depict Fig. 
A4.1. in the annex- 4 provide information on extreme 
weather events. For this report the following indices are 
computed according to Klein Tank et al., (2009): monthly 
maximum one day precipitation amount,  simple daily 
intensity index (mean precipitation amount on a wet 
day), annual count of days when precipitation is 50 
mm or more, the number of very wet days (annual total 
precipitation when rainfall exceeds 95th percentile), the 
annual total wet-day precipitation (days with one mm 
or more precipitation), the number of extremely wet 
days (annual total precipitation when rainfall exceeds 
99th percentile), the maximum number of consecutive 
dry days, and the maximum number of consecutive wet 
days (precipitation > 1mm).

And also Fig. A4.1 shows that for most precipitation 
indices the trend is mixed over the country, similarly 
to the trends found seasonal precipitation sums. Many 
stations particularly in the west show a more extreme 
wet behavior with increasing number of wet and very 
wet days, increasing precipitation during rain spells, 
and a slight decrease in dry spells. The signal over the 
mountainous regions is biased as not all indices could 
be computed for many stations due to data gaps in the 
observational time series. The number consecutive 
dry days or length of dry spells is increasing for all the 
stations whereas the number consecutive wet days or 
maximum length of wet spell is decreasing over most 
stations.

5.4 Conclusions for Observational Climate Data

This project contributed to the disclosure of climate 
data in Nepal through digitalization of written or printed 
in measured meteorological records. This extensive 
exercise led to vast expansion of weather information 
in time and space over the whole country. Summary of 
this information is made available through maps in this 
report and in the web portal on the website of DHM, 
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Nepal.

As expected the topography and monsoon are of 
major inluence on the temperature and precipitation 
climatology in Nepal. Adding more information by 
expansion existing observational records into the 
past and adding new records from additional stations, 
did not change this general view, but added regional 
details enabling more accurate spatial interpolation in 
data scarce areas. Unfortunately, still data gaps exist 
in most meteorological records, which potentially affect 
the trend analysis, but not the mean climatology and 
natural variability analysis.

The minimum and maximum temperatures show clear 
a seasonal cycle. The minimum temperature is at its 
maximum in July, when the sun is at its maximum 
zenith angle and at its minimum 6 months later during 
the winter (DJF) months. During summer months the 
maximum temperature is tempered by the appearance 
of the semi-permanent convective clouds associated 

the monsoon circulation, explaining why it reaches its 
maximum in May. For both temperatures the spatial 
distribution over the country follows the topography; 
the highest temperatures are recorded in the Tarai and 
Siwalik regions and the lowest temperatures in the 
Middle Mountain regions.

The precipitation pattern is dominated by the presence 
of the monsoon circulation and its interaction with the 
topography. The winter (DJF) season is the driest 
period of the year but with a high variability, where most 
precipitation falls during the monsoon season (JJAS) 
when the variability is low. The southern lanks of the 
Anapurna range in the Central Middle Mountain regions 
are the wettest of Nepal with averaged precipitation 
amounts of 5200 mm per year. The lee side of this 
Anapurna range is recorded as driest region in Nepal, 
with annual precipitation of less than 750 mm. This 
pattern implies that the monsoon circulation and thus 
rain is very persistent over the years. 
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6
Regional Climate Models: 

Results, Discussions and Conclusions  

The Earth’s climate system comprises of atmosphere, 
lithosphere (land surface), cryosphere (permafrost, 
glaciers, sea ice etc.,), biosphere (ecosystem and 
human settlements) and hydrosphere (oceans, rivers, 
lakes etc.,), the coupled interactions within these 
spheres leads to daily weather over a certain location. 
Climate is deined as the average of weather over long 
period of time (~ 30 years). The variability in climate 
is due to both internal coupling between different 
components and its dependency on the perturbations 
created by the external forcings (such as solar radiation 
variability, earth’s tilt due to earth-sun positions, volcanic 
eruptions and human induced changes to the climate). 
It was attributed that human activities from the industrial 
era has changed the climate to a larger extent and 
the recent IPCC fourth Assessment Report suggests 
that most of the warming in the late 20th century are 
due to human induced change. Though the climate 
change is global in nature the regional climate might 
vary and is dependent on many local factors, such as 
population, GDP and industrial growth etc. In order to 
understand the climate change and climate variability 
over a particular location the numerical climate models 
are the best tools. 

Numerical climate models are developed following the 
conservation laws of physics and using the state-of-art 
numerical procedures, to provide the predictions for 
near-term and long-term predictions of the atmosphere, 
ocean and their coupled interactions. The climate 
system is characterized by broad range of spatial 
and temporal scales, for larger spatial scales and 
longer time scales. Global climate models are the 
best tools in order to understand the climate variability 
of the system. However, the spatial scale provided 
by the global models are 200-300km, the maximum 
highest resolution obtained by coupled climate models 
are 110kmx 110km which is quite small in order to 
understand the regional processes and extremes over 
a small region of the world. Thus, the development of 

Regional Climate Models and their importance in the 
ield of Climate Modeling and Impact Assessment has 
improved in the recent past (Rummukainen et al 2010).

The importance of Regional Climate Models (RCM) 
is that they provide high spatial resolution information 
over a given location using downscaling approach. The 
primary assumption of the RCM is they are forced by 
the GCMs at the boundary of the RCM (or Limited area 
considered for the study) for each time step. The RCMs 
will also have boundary conditions; initial conditions and 
Lateral Boundary Conditions (LBCs) provided by the 
global climate model (parent GCM) and are dependent 
on the initial conditions supplied to them from the 
GCMs or Reanalysis. Typical resolution of the RCMs 
over the past years have increased from 200-100 to 
present day state-of-art 50km or 25km horizontal scale, 
research is being carried out to ind out the sensitivity 
of RCM simulation at still higher scales such as 10km 
and less and understand their impact on the regional 
simulation of small scale phenomena (Christensen and 
Christensen 2007; Halenka et al 2008; Suklitsch et al 
2008;Kanamaru and Kanamitsu 2007; Diffenbaugh et 
al 2005; Rajendran and Kitoh et al 2008). However, 
validation of such high resolution RCMs at such 
local scales will be dificult due to unavailability of 
high-resolution observations especially in varying 
topographical area.

Regional climate change projections provide 
information to the decision makers in short-term to 
long-term mode in order to perform informed policy 
making for the region of interest. The sensitivity and 
importance of different GCMs boundary conditions in 
simulating the regional climate has been performed by 
many previous researchers (Rummukainen et al 2003, 
2004, 2007;Christensen et al 2007; Hewitt and Griggs 
2007;IPCC 2007), their study indicates that in order to 
simulate the regional climate to a reasonable extent, 
both the lateral boundary conditions and the initial 
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Fig. 6.1. Annual mean rainfall for Global Climate Model (a) UKMO-HadCM3, Regional Climate Models (b) PRECIS-HadCM3, and (c) 
WRF-HadCM3 over Nepal region. The annual mean rainfall (in mm) is calculated for 50-year climatology simulation for GCM, and 30-year 

climatology for RCMs (1970-2000)

conditions play an important role. Also, studies indicate 
that since the computational requirement of RCMs is 
quite larger than GCMs, it is prescribed to perform 
time-slice based RCM climate change experiments in 
baseline (i.e., 1960-2000) and future (2020-2040 or 
2070-2090 etc.,) time periods.

Nepal region has varying topography and simulating 
reasonable regional climate over such a region is a 
challenge to RCMs. In this study, our aim is to perform 
multiple model ensembles of RCM simulations with 

similar Lateral Boundary Conditions but with varying 
horizontal resolutions (25km, 20km and 12km) 
and varying physics adopted by different models, 
to understand the sensitivity of model physics and 
horizontal resolution in a complex topographical region. 
Due to availability of gridded observations from DHM 
Nepal at high resolution (25km, 20km and 12km) a 
detailed assessment of the RCM performance has 
been carried out and presented in this chapter. Fig. 6.1 
shows the importance of high resolution RCMs over 
Nepal when compared to GCM grids over this region.
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Fig. 6.1 (a) shows that in case of Global GCMs only 
three grid points are available for Nepal region, where 
the topography information will be totally scaled out. 
Fig. 6.1 (b) and (c) show the importance of increase in 
resolution that can include more local features of the 
rainfall over the region. Thus, the importance of varying 
horizontal resolution and the added improvements in 
understanding the regional features of Nepal has been 
the important addition of this project. 

6.1  Data and Methodology

The methodology followed to perform the three different 
models (PRECIS, RegCM and WRF) simulations over 
Nepal has already been discussed in Chapter 4. We 
have considered two scenarios A1B scenario (also 
called as Moderate SRES 1  scenario) and A2 scenario 
(also called as Extreme fossil fuel based scenario). 
PRECIS and WRF simulations were only performed 
with A1B scenario, since it is the most likely scenario 
(as considered by practitioners) whereas to understand 
the extreme climate change scenario and its impact 
RegCM model was used to perform an additional A2 
scenario along with A1B scenario to compare with other 
model performances. The Table 4.2. in the chapter 
4 shows the different models used and the model 
simulation details.

As shown in Table 4.2., there are three different models 
considered for the study, and two SRES scenarios. 
The simulation period for baseline and future have 
been kept constant from 1971-2000 and 2030-2060, 
except for RegCM4 runs where the simulation is carried 
out for 2040-2069 time period. The model physics of 
the individual models were kept constant, and lateral 
boundary conditions are conined to one scenario across 
all models to understand the multi-model variability over 
Nepal region in these models and their performance 
in baseline and future.  In order to validate the model 
performance, we have considered gridded observations 
from DHM, GPCP 2  (1998-2006), TRMM-3B43 3  (1998-
2010) and MERRA 4 (1979-2005) reanalysis. 

6.2  Results

6.2.1. GCM performance over Nepal region

 
Numerical simulations of climate models have 
undergone large modiications from past to present 
day, where the coupling between atmosphere-ocean 
are considered to be of utmost importance. The 
improvements in the global climate models from irst 

assessment report of IPCC from 1992 till AR4 where 
the models have increased in complexity by including 
more physical, chemical and numerical schemes 
but also with the event of increasing computational 
capabilities of different institutions even higher spatial 
resolution models are being used in the present day. 
For example, in AR4 there were few models with high 
spatial resolution as high as 110km x 110km performing 
simulations for the present day and future. The 
computational requirements to process climate model 
simulations of few 100 years with such high resolutions 
are quite high. Evaluation of the multi –model ensembles 
provides a key to the improvements in representation 
of coupled climate responses in the Earth’s climate 
system. The IPCC (2007) report suggests that most of 
the models show a warming of 1-4oC over many regions 
of the globe in a moderate scenario, though globally 
there are substantial increases in temperature the 
regional changes are of large concern to the developing 
countries. In order to understand the performance of 
IPCC AR4 model performance over the Nepal region, we 
have considered rainfall assessment over Nepal region. 
The annual mean, and seasonal mean values of 15 
models 5  (CCCMA-T63, CCSM3,CNRM, GFDL-CM20, 
GFDL-CM21, GISS-AOM, IAP, MIROC3.2(HIRES), 
MIROC3.2(MEDRES), MPI-ECHAM5, MRI-CGCM, 
PCM, UKMO-HadCM3 and UKMO-HadGEM1) in 
comparison with observations show that the models 
that perform reasonable annual and summer monsoon 
mean values are rainfall could also provide the standard 
deviation the best. Using these values of rainfall, one 
can rank the models according to their performance 
and can consider which of these models are best 
suitable to perform regional climate model simulations. 
Table 6.1. shows that out of the ifteen models only ive 
models were able to obtain the mean values (GFDL-
CM21, MIROC3.2(hires) and MIROC3.2(medres), MPI-
ECHAM5 and UKMO-Hadgem1).

____________________________

1 Special Report on Emission Scenarios (1992).
2 Global Precipitation Climate Project 1degreex1degree gridded dataset.
3 Tropical Rainfall Measuring Mission -3B43 version 0.25x0.25 degree  

monthly mean dataset.
4 MERRA stands for Modern ERA Retrospective analysis for Research 

Applications (http://gmao.gsfc.nasa.gov/merra/) provided 50kmx50km 
outputs for assessment.

 5 For further information on the models please refer to PCMDI website (www.
pcmdi-llnl.org).
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Fig. 6.2. Annual mean rainfall (mm) and standard deviation for ifteen global climate models and four observational datasets averaged 
over Nepal region (78-90E;26.5:30.5N)

Table. 6.1. Annual and seasonal mean rainfall values (in mm) over Nepal region for ifteen global climate models and four observational 
datasets

Model Annual MAM JJA SON DJF

CCCMA-T63 2.76 0.83 6.69 2.85 0.70
CCSM3 3.19 1.63 6.56 2.81 1.70
CNRM 4.72 5.03 7.57 4.57 1.74

GFDL-CM20 3.35 1.62 6.72 3.53 1.55
GFDL-CM21 4.68 1.65 11.28 4.71 1.08
GISS-AOM 4.88 2.70 8.82 5.19 2.96

IAP 2.98 1.86 3.53 2.70 3.82
MHIRES 4.84 2.18 11.65 4.60 0.86
MMRES 4.69 1.80 11.45 4.44 1.06

MPI 4.90 1.82 12.94 3.58 1.17
MRI 2.30 0.64 5.93 1.20 1.42
PCM 2.90 1.03 6.82 2.22 1.58

UKMO-HadCM3 2.60 1.19 6.23 2.03 0.92
UKMO-HadGEM1 4.32 2.45 11.02 2.60 1.10

OBS-DHM 4.60 2.16 11.90 3.58 0.76
GPCP 2.27 1.01 5.96 1.81 0.30

MERRA 4.15 1.53 10.82 3.32 0.94
TRMM 4.47 2.39 11.49 3.37 0.68
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Also the importance of resolution improves the results, 
the observation comparison over the Nepal region 
showed that MERRA and TRMM are able to capture 
the seasonal variability over the Nepal region as shown 
in OBS-DHM well compared to GPCP which is of 
coarse resolution dataset of about (110km x 110km). 
Thus, owing to the importance of horizontal resolution 
in explaining the processes the better. Fig. 6.2, shows 
the comparison of annual mean rainfall (in mm) 
averaged over Nepal region and the standard deviation 
values for the ifteen models in comparison with four 
observations, it can be understood that for the models 
which are having reasonable values of annual mean 
values of rainfall over the region they also are able to 
capture the variability in the region to almost similar to 
observations. Also, these models that are performing 
better over Nepal region in terms of annual mean rainfall 
values, also show reasonable seasonal mean values 
for different seasons over Nepal (Table 6.1.). Thus, the 
global climate model assessment simulation shows that 
GFDL, MIROC, ECHAM5, CCSM3, MRI models are 
able to perform the seasonal variability over Nepal to 
a reasonable extent and can be considered for further 
downscaling over this region.

6.2.2 Regional Climate Model Assessment 

over Nepal region

Increasing demand of regional climate change 
projections in the past few years are aimed to arrive at 
reasonable impacts and informed decision making for 
every country. The ENSEMBLES project (Soares et al 

2012; Christensen et al., 2010; Kjellström et al., 2010; 
Rauscher et al., 2010; Lorenz and Jacob, 2010; Boberg 
et al., 2010; Sanchez-Gomez et al., 2009; Lenderink, 
2010; Linden and Mitchell 2009) arrived at different 
assessments over Europe in different areas and for 
different impacts. They found that there is a need for 
increased number of observations in order to validate 
such high resolution models, a good agreement with 
RCM simulation of rainfall with observations and 
validation is essential, since many models were unable 
to represent the rainfall variability at local scales with 
much accuracy. This exercise was successful in order 
to show that the model uncertainties are better captured 
and a multi-model assessment at regional scales is 
required to understand these outcomes in a robust 
manner. Thus, the multi-scale variability in temporal 
scales needs to be better represented in the regional 
climate models in order to achieve at reasonable 
representation of precipitation (or accumulated rainfall), 
maximum and minimum temperature.

Our present study is the foremost study to address 
the multi-model assessments over the highly varying 
terrain region of South Asia, Nepal. The models used 
here have similar initial and boundary conditions 
but different model physics and aims to validate the 
interannual variability of rainfall, temperature (maximum 
and minimum) over this region. Due to varied orography 
and regions covered with snow for most part of the 
year, the temperature variability in this region needs 
to be understood and validated. Global models from 
AR4 (IPCC 2007) suggests that there is a 4oC warming 

Fig. 6.3. Seasonal cycle of Rainfall (in mm) climatology averaged over Nepal region, for observations (blue), ensemble mean (black) and 
RCMs ( cyan, green and magenta)
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over the Nepal and Himalayan region, such increase 
in warming was found to be associated at 2080s time 
period. In this report the main focus is on precipitation 
and temperature as they are of major concern as 
expressed by many stakeholders. However, one should 
bear in mind that for other purposes another in-depth 
model performance analysis might be needed including 
analysis of large scale features, such as monsoon 
circulation (its timing and intensity), but also at local 
scale more parameters should be validated, such as 
surface energy and radiation balance components, 
such as albedo, soil moisture (both validation data 
from satellites), evaporation and seasonal snow extent. 
These analyses are not performed within this study. 
For climate researchers who intend to use these RCM 
model output for climate variability assessment or other 
impacts linked to different variables, one should be 
aware that the model performance for that individual 
parameter might differ from the model performance 
shown in this report.

The seasonal cycle variability of rainfall averaged 

over Nepal region for the PRECIS-HadCM3, PRECIS-
ECHAM5, WRF-ERA and RegCM4 shows that RegCM4 
has very less rainfall (less than 6 mm in the monsoon 
months, hence ignored for seasonal cycle assessment).

Thus, it is clearly shown that the individual models are 
unable to arrive at similar magnitude as observations 
(Fig. 6.3.) and so does the ensemble mean. Similarly, 
the analyses for maximum and minimum temperature 
shows that, PRECIS model realizations are able to 
capture the seasonal cycle of maximum temperature 
similar to observations (Fig. 6.4 (a)) when compared to 
the ensemble mean, RegCM4 and WRF. The seasonal 
cycle of minimum temperature shows that most of the 
models except for PRECIS-HadCM3 have very low 
temperature (negative temperatures in winter season 
when compared to observations. Even the minimum 
temperature (Fig. 6.4 (b)) is less in PRECIS-HadCM3 
simulation has a magnitude lower than observations; 
however the seasonal cycle matches well with 
observations.
 

Fig. 6.4. Seasonal cycle of (a) maximum temperature and (b) minimum temperature over Nepal region, for Obs (blue), Ensemble mean 
(black), individual model realizations (green, cyan, magenta and red)
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Fig. 6.5. Spatial representation of (a) Annual mean rainfall (mm) observations from DHM, (b) Annual mean rainfall (mm) for PRECIS-
ECHAM5 A1B baseline (1971-2000), (c) Annual mean max temperature (oC) from DHM observations (1971-2000), (d) Annual mean max 
temperature (oC) from PRECIS-ECHAM5 A1B, baseline (1971-2000), (e) Annual mean min temperature (oC) at 2m for DHM observations 

and (f) Annual mean min temperature (oC) at 2m for PRECIS-ECHAM5 A1B baseline (1971-2000) time period

The seasonal cycle of minimum temperature is also well 
represented by the RegCM4 model when compared to 

other models; WRF model shows a shift in the seasonal 
cycle towards the post-monsoon months. 

Observation - DHM PRECIS - ECHAM5
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The comparison of spatial pattern of rainfall, maximum 
temperature and minimum temperature of models with 
observations (Fig. 6.5) shows that the PRECIS model 
with 25km simulation overestimates the precipitation 
in the northern mountain regions as shown in Fig. 6.5 
(b). For other regions the model performance is very 
reasonable. However, one should notice that PRECIS is 
not capable of getting the very local extreme high annual 
sums of over 5000 mm on the lanks of the Anapurna 
region as presented in Session 4.3, but that is likely 
inextricably linked to the lower resolution of the RCM. 
At 12 km resolution, the WRF model is better capable 
of simulating the pockets of high and low precipitation 
(not shown). However, the bias for both models are very 
comparable, as one compares the gridded observations 
on the model grid, so much more smoothened for 25 
than 12 km, with the model output. 

The analysis of spatial patterns of maximum and 
minimum temperature shows that the northern part 
of Nepal the models tend to have less magnitude 
of temperature for both maximum (Fig. 6.5 (d)) and 
minimum temperature (Fig. 6.5 (f)). In the southern part 
there seems to be good agreement with models and 
observations. These patterns of rainfall and temperature 
assessments over Nepal with respect to observations 
and also the seasonal cycle of rainfall variability, 
maximum and minimum temperature variability 
suggests that the models have internal biases that are 
persistent due to lateral boundary conditions used or 
due to internal physics which needs to adjusted. These 
uncertainities in model predictions are due to varied 
reasons and need to be addressed at length in order 
to be able tailor these model outcomes for reasonable 
impact assessments over a given region.

6.2.2.1 Need for Uncertainty Assessment

Nepal is known as one of the most vulnerable countries 
in the world when it comes to climate change. Scientiic 
climate change information is scarce, while the 
population is prone to natural hydro-meteorological 
hazards. Understanding vulnerability and impacts 
associated with climate change in climate-sensitive 
sectors will help sector speciic policy makers 
and planners manage risks and take appropriate, 
proactive adaptation measures in the country. Before 
the vulnerability can be assessed accurate climate 
information is essential, for the present-day situation as 
well as for the near future. 

For detailed impact analysis, climate information 
derived from GCMs need to be downscaled for a 

country like Nepal, as it has a complex topography 
in the northern parts of the country. Regional Climate 
Model (RCM) is the most reliable option for downscaling 
coarse resolution of GCMs outputs to ine resolution 
grids, incorporating local topography in Nepal and its 
surroundings. As already discussed GCMs or RCMs are 
numerical modeling tools which represent the climate 
processes with certain accuracy, they are known to 
contain large errors due to oversimpliication of climate 
representation, inclusion of many climate processes that 
are not yet certain or the feedbacks not yet established, 
limited spatial and temporal resolution, and errors in 
the forcing data (Allen and Ingram, 2002; Stainforth et 
al., 2007; IPCC, 2007). The future projections are most 
commonly obtained from global climate model (GCM) 
simulations of the climate response to a given scenario 
of future greenhouse gas and aerosol emissions into 
the atmosphere. These future emissions depend on 
human actions and are inherently unpredictable. In 
addition, the effects of changing emissions on climate 
are not yet properly understood and cannot be modeled 
with conidence. For these reasons, model projections 
of climate change are described as scenarios rather 
than predictions (Mearns et al, 2001; Carter et al, 2001). 
In many climate change impact studies, GCM or RCM 
results are used as input for hydrological, ecological 
and other model, these individual uncertainties do not 
add up in a straightforward way, but they are non-linear 
and increase the overall uncertainty of the inal estimate 
of impacts. In such model chains, errors may propagate 
in a very complex way, and inal model predictions are 
prone to large uncertainty, jeopardizing management 
decisions (Pappenberger and Beven, 2006). 

Recently, Knutti and Selacsk (2012) performed IPCC-
AR5 model uncertainty and robustness assessment 
and found that most of the present generation models 
have similar results as AR4 with increase in structure 
and improvements in few processes, they quoted 
that “Models improve, representing more processes 
in greater detail. This implies greater conidence in 
their projections, but convergence may remain slow”, 
however these results should not inluence decision 
making under such circumstances, since ranking the 
risk due to climate change on many sectors not only 
depend on the varying climate over the region but also 
due to various demographic factors.

Although regional climate models (RCMs) are a widely 
used and accepted tool in climate change impact 
research, the temporal and spatial distribution of 
precipitation usually has to be adjusted by a certain bias 
correction technique using site speciic parameter sets. 



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 51

For small to medium sized river basins, this often also 
includes some form of downscaling from the coarse 
RCM grid to the scale of the hydrological model(s) 
applied. Yet, because these post-processing steps alter 
the modeled precipitation, the physical relationships 
with other atmospheric variables may get lost, the 
uncertainty added to climate change impact results by 
bias correction and more general, and any downscaling 
method that changes the amount of RCM output has 
to be assessed. In order to provide reliable information 
for future climate change conditions for impact analysis, 
an attempt has been made to correct the model biases 
to make the climate model information as apparent as 
possible. We follow a standard deviation (SD) based 
bias correction method to correct the bias of raw GCMs 
output in monthly scale and validate the method to 
show the importance of bias correction in improvement 
of results over Nepal.

6.2.2.2 Bias Correction Approach and Results

It is well known that most of the RCMs are prone to 
biases in determining the mean, intensity, the number 
of rainy days or dry days and high precipitation events 
(Booberg et al 2007; Leander and Buishand 2007; Piani 
et al 2010, Christensen et al 2008). Several statistical 
approaches have been used in the past to address the 
bias correction for RCM outputs like gamma transforms 
for correcting the precipitation dataset (Hay et al 
2002), power law transform to correct the coeficient 
of variance and mean rainfall (Leander and Buishand 
2007), quantile-quantile mapping method (Wood et al 
2002). There is also a standard procedure to apply the 
corrections based on the ratio of control climatology 
to observed values on a grid box basis (Durman et al 
2001). The Bias correction approach method used by 
us in the present study following Cheng et al (2007). 
the Standard Deviation (SD) ratio method developed 
by Cheng et.al. (2007) is applied to correct the biases 
of regional climate model outputs. The simulated future 
climate scenarios were corrected in two steps: irst, the 
RCM downscaled climate change scenarios historical 
runs were modiied by comparing mean and standard 
deviations of observed variables within the same time 
period (1971-2000) using the following expression:

                                                                            ------- (1)

Where P
his–new

 and P
his–old

 are predictions of monthly 
data for a RCM historical run after and before 
correction. Std

O
 and Std

his-old
 are standard deviations 

of observations and model predictions for the historical 

run, respectively.  P
his-old

 and   O are mean values of 
model predictions and observations. Following removal 
of the bias in the irst step, the differences in overall 
means and standard deviations between the after 
and before correction of historical runs were used to 
adjust future RCM climate scenarios using the following 
expression: 

                                                                        
                                                                       ---------- (2)

Where P
future–new

 and P
future–old 

are monthly model 
projections after and before correction. Std

his–new
 

and  P
his-new

   are the standard deviation and mean of 
corrected model projections of the historical run using 
eq. (1). 

For this method the observations have to be made 
available at the RCM grid resolutions (12, 20 and 
25 km) by using the spatial interpolation method of 
inverse distance weighting. The gridded observational 
maps (available through the web portal) allow that 
bias correction has been applied to temperature and 
precipitation data in each grid point of the RCMs within 
the boundaries of Nepal. After correcting for the bias in 
RCM present-day climatology, so applying eq. (1), the 
bias corrected data has be validated with the observed 
records before applying eq. (2) on the future projected 
model output. 

Standard ratio method for baseline and future showed 
that there is a deinite improvement in model mean and 
standard deviation for rainfall, maximum temperature 
and minimum temperature using the present BC 
method. Fig. 6.6 shows the annual mean rainfall from 
observations and models over Nepal region with and 
without bias correction, Fig. 6.6 suggests that the annual 
mean is comparatively less in many models, especially 
RegCM4, WRF-ERA, which is improved when the BC 
method is applied to the dataset.

Similar analysis for maximum and minimum temperature 
(Fig. 6.7 and Fig. 6.8) shows that annual mean minimum 
temperature values in almost all the models are very 
low (Fig. 6.8) compared to observations and which are 
improved after the BC approach. Similarly, even for 
maximum temperature assessment it was found that 
the model maximum temperatures (Fig. 6.7) are able 
to attain the magnitude after the BC approach being 
applied to the dataset. The statistics of improvement 
in mean, standard deviation, correlation coeficient and 
maximum value of monthly rainfall that could occur in 
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the dataset and minimum of monthly rainfall that could 
occur in the dataset are shown in Table 6.2. Table 6.2. 
provides detailed assessments of improvement in the 

model projections after the application of BC method to 
the dataset.

Fig. 6.6. Annual mean Rainfall (in mm) averaged over Nepal for baseline period (1971-2000)

Fig. 6.7. Annual mean Maximum Temperature (in oC) averaged over Nepal for baseline period (1971-2000)

Fig. 6.8. Annual mean Minimum Temperature (in oC) averaged over Nepal for baseline period (1971-2000)
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The bias correction method for temperature is 
calibrated for the data in period 1971-1995, and 
validated for the data in period 1995-2000. Calibration 
and veriication of downscaled temperature during the 
year 1971 to 1995 and year 1995 to 2000 is done for 
all RCMs at their resolutions 25, 20 and 12 km. For 
calibration, veriication and performance assessment 
of the bias correction method, the Root Mean Square 
Error (RMSE) and Coeficient of Determination (R2) are 
computed to check the performance of bias correction 
method. If RMSE has a small value (approaching ‘zero’) 
and R2 has big value (approaching ‘one’), it means bias 
correction method has a good performance to represent 

the observed data from bias corrected model output.

From the Table 6.3 and Table 6.4, it can be seen that 
the bias corrected model output performed better in 
RMSE and R2 compared to the raw model output, as 
well for the calibration (1971-1995) as the validation 
period (1995-2000). For both periods, all RCMs have a 
RMSE of over 2°C and a R2 ranging from 0.42 to 0.68 
using different forcings from the GCMs; none of the 
models is signiicantly outperforming the others. The 
RMSE and R2 do improve considerable after the SD 
ratio bias correction brining the RCM output closer to 
the observed data in all different resolutions.

Table. 6.2. Comparison of statistics between the different model realizations, observations and bias corrected results averaged over Nepal 

Table. 6.3. Correlation between the maximum daily temperatures observations and model output of 3 RCMs for the baseline period 1971-
1995. The columns with the GCM names refers to the model bias before the bias correction method, while the column ‘bias corrected 

output’ gives statistics after application of the bias correction methodregion for baseline period  (1971-2000)

Statistic
Obs

DHM

PRECIS - 

HadCM3Q0

PRECIS - 

ECHAM5

RegCM4 - 

ECHAM5
WRF - ERA

MR BC MR BC MR BC MR BC

Mean 138.11 111.77 138.94 128.78 138.97 2.70 139.81 79.27 139.66

SD 151.72 101.85 151.81 109.72 152.77 1.55 153.19 71.94 151.34

Correlation 

Coeficient 0.92 0.88 0.93 0.86 0.92 0.63 0.93 0.67 0.92

Maximum 

of Rainfall
571.58 353.73 578.67 406.26 651.16 6.99 649.06 323.66 574.85

Minimum 

of Rainfall
0.49 0.85 2.89 4.00 3.24 0.10 3.04 1.01 4.03
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Table. 6.4. Correlation between the maximum daily temperatures observations and model output of 3 RCMs for the validation period 1995-
2000. The columns with the GCM names refers to the model bias before the bias correction method, while the column ‘bias corrected 

output’ gives statistics after application of the bias correction method

Fig. 6.9. Comparison of Bias corrected results with raw model outputs for PRECIS-ECHAM5 A1B scenario, (irst column) shows the 
annual mean rainfall, (second column) shows the MAM mean rainfall, (third column) shows the JJA mean rainfall, (fourth column) shows 

SON mean rainfall and (ifth column) shows DJF mean rainfall. The irst row represent the observed rainfall values, the second row repre-
sents baseline raw climate model output, the third row represents BC baseline results, fourth row represents 2040s raw model output and 

ifth row represent BC 2040s mean rainfall values
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Fig. 6.10. Climatological annual cycle of rainfall (mm) averaged over Nepal region for observations (black line with diamond), raw model 
outputs (dotted line, with red, blue, magenta and violet color lines) and bias corrected model rainfall outputs (dashed line with closed circle 

dots, with red, blue, magenta and violet colors for individual models)

Fig. 6.11. Climatological annual cycle of rainfall (mm) averaged over Nepal region for RCM outputs, raw model rainfall (in grey thick lines) 
for 2040s climatology and bias corrected model outputs (color lines, red-PRECIS-ECHAM5, blue-PRECIS-HadCM3Q0, magenta-RegCM-

ECHAM5A1B, violet- WRF-CCSM, cyan-WRF-GFDL, green-WRF-ECHAM5, black-WRF-HadCM3) for 2040s climatology

The spatial pattern of rainfall over Nepal region after 
bias correction shows that the BC method has improved 
the results (Fig. 6.9 i-xv). Fig. 6.9 i-v, shows that in the 
observations the contribution to maximum amount 
of rainfall over central and southern parts of Nepal is 
from JJA and SON seasons and the models are unable 
to capture these variabilities, however after BC these 
results have similar pattern as observation. Similar 
assessment for future 2040s climatology shows that the 

models have reasonable climatological pattern when 
BC method is applied. In these igures, the magnitudes 
of rainfall are kept constant so the inluence of bias 
correction method in magnitude of rainfall needs to be 
assessed. Thus, these Fig. 6.9 (i-xxv) show that the 
annual and seasonal mean rainfall has been improved 
in the bias correction method for both baseline and 
2040s compared to raw model output. 
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The seasonal cycle of the bias corrected model rainfall 
with raw model for baseline Fig. 6.10 and the seasonal 
cycle for bias corrected future 2040s rainfall (Fig. 6.11) 
shows that the seasonal cycle has improved very well in 
bias corrected model results (Fig. 6.10) when compared 
to raw-model outputs. The future bias corrected rainfall 
values show that BC method (Fig. 6.11) improves the 
seasonal cycle in future where PRECIS and RegCM 
model follow similar climatological cycle with increase in 
magnitude in the summer monsoon months over Nepal 
region for BC results, whereas WRF model shows 
large variability, WRF-HadCM3 and WRF-CCSM follow 
similar variability as PRECIS and RegCM models, 
whereas WRF-GFDL and WRF-ECHAM5 shows that 
there is an increase in rainfall in all months in future 
in WRF-ECHAM5 while WRF-GFDL model shows that 
even after bias correction, there is a seasonal shift in the 
seasonal cycle of rainfall in this model. Note here, that 
the models have single ensemble members for each 
model chosen, in order to quantify and say that there is 
signiicant shift we need individual multiple ensembles 
for each model to show the uncertainty existent with the 
signal provided. 

In order to address the improvements in the bias 
corrected results of the model simulations with respect 
to observations and raw RCM outputs, a standard 
deviation based assessment is carried out and the 

results show that the monsoon season variability in 
models is well represented after the bias correction (Fig. 
6.12 a,b,c,d). Also, the standard deviation of the future 
in almost all the models for bias corrected results are 
increasing, for RegCM4 and WRF (Fig. 6.12 c and Fig. 
6.12 d) it is high compared to PRECIS-HadCM3 and 
PRECIS-ECHAM5 (Fig. 6.12 a and Fig. 6.12 b). Also, 
to address the multi-variate statistics provided by the 
individual model in terms of raw RCM outputs and bias 
corrected outputs for the baseline, we have used the 
Taylor diagram approach 6, the taylor diagram is used 
to understand the multi-variate statistics of the models 
behavior with respect to observations (IPCC 2007). 

The important advantages of Taylor diagram are that 
it enables us to assess the multi-model ensembles 
and the performance of the models with respect 
to observations over a given region. The Taylor 
diagram analysis for rainfall, maximum temperature 
and minimum temperature (Fig. 6.13 a,b,c) over 
Nepal region shows that the raw RCM outputs which 
are indicated by B,C,D and E are having high RMS 
deviations in all the variables, and bias correction does 
improve these results where the models are lying inside 
the 0.99 correlation coeficient values and also less 
RMS errors with standard deviation also being less 
compared to without bias corrected results.

Fig. 6.12. Standard deviation assessments for different models with observations over Nepal region for baseline (1971-2000) and future 
(2030-2060); (a) PRECIS-HadCM3, (b) PRECIS-ECHAM5, (c) RegCM4 and (d) WRF. Note: the blue lines in all the graphs indicate 

observations, green line for raw RCM outputs, black line for bias corrected RCM baseline and red line for future bias corrected results of 
RCMs, in the last igure (d) the dashed lines indicate individual model realizations of bias corrected future results from WRF 
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Fig. 6.13. Taylor diagram for (a) Rainfall and (b) Maximum temperature at 2m, and (c) Minimum temperature at 2m, the black dashed line 
in the igure represents the standard deviation values, the green line indicates the root mean square deviation values and the blue line 

indicates the correlation coeficient of the model with respect to observations. In the igure the alphabets A, B, C, D, E, F, G, H, I indicates 
individual models and their description is given in the legend

____________________________________________________
6 Taylors Diagram: Karl Taylor (2001) deined a useful diagrammatic form for conveying the three non-dimensional statistics in the same 
picture. This is used for comparing model with observations. It also provides relative accuracy amongst a number of model variables or 
different observational datasets. The three variables considered are (1) ratio of variances of the two ields (γ), (2) the correlation between 
two ields (R) and (3) the root mean square difference between two ields. The ratio of variance indicates the relative amplitude of simulated 
and observed variations, whereas correlation indicates whether the ields have similar patterns of variation, regardless of amplitude. The 
normalized RMS error can be resolved into a part due to differences in overall means and a part due to errors in the pattern of variations (E’). 
The plot is constructed based on the Law of Cosines. The observed ield is represented by a point at unit distance from the origin along the 
abscissa. All other points, which represent simulated ields, are positioned such that γ is the radial distance from the origin, R is the cosine 
of the azimuthal angle, and E’ is the distance to the observed point. When the distance to point representing the observed ield is relatively 
short, good agreement is found between the simulated and observed ields. In the limit of perfect agreement, E’ would approach zero, and 
γ and R would approach unity.

Also, the analysis of taylor diagram (Fig. 6.13) shows 
that the for the rainfall RegCM4 has highest RMSD but 
lowest standard deviation, this is due to the internal 
variability in this model being very low compared to 
other models, and bias correction method improves 
the model results to a considerably good extent which 
could also be assessed from Fig. 6.12c. Bias correction 
results improve the model results to a considerable 
extent and the multi-variate statistical assessment of 
bias corrected results using taylor diagram has shown 
improvement in BC results and thus can be used for 
further assessments by impact researchers. 

Another measure to assess the model and bias 

correction performances is by computing its cumulative 
distribution function (CDF). This measure is used to 
determine the probability of a continuous random 
variable to occur in any (measurable) subset of 
that range. In this study, the CDF curve of average 
observed rainfall from all the rainfall stations in the 
area, raw model output rainfall and bias corrected 
rainfall were generated to check the performance of the 
bias correction method and occurrence probability of 
the monthly rainfall amount. Fig. 6.14 shows the CDF 
of raw model output from the RCM PRECIS model, 
the bias corrected rainfall, maximum and minimum 
temperatures, and the observed data for the baseline 
period from 1971 to 2000.
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The CDF of bias corrected for rainfall and for maximum 
and minimum temperatures are very close to the 
observed data compared to the raw model output, 
meaning that the bias correction method applied 
performs well. The method is clearly capable to 
reduce the bias of the raw model output signiicantly. 
Additionally, the probability of certain annual rainfall 
amount in 1971 to 2000 in Nepal can be also assessed 
from this Fig. 6.14. For example, from 1971 to 2000, for 

observed rainfall, the probability of 1800mm rainfall in 
a year is (1-0.86)*100=14%. For the same amount of 
rainfall bias corrected PRECIS rainfall probability is (1-
0.90)*100=10%, which is much closer to the observed 
record than the raw model rainfall of (1-0.93)*100=7%. 
Similarly, the CDF is computed for the other 2 RCMs, 
WRF and RegCM4, with very similar results: the bias 
corrected output performs much better compared to the 
raw model output.

Fig. 6.14. Cumulative density function of raw model output, bias corrected model output from RCM PRECIS and observations of annual 
precipitation sum and annual mean maximum and minimum daily temperature for the period 1971-2000 
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Precipitation

The time series of the bias-corrected projected 
precipitation for the period 2030-2059 as from all RCMs 
are shown in Fig. 6.15. Most models show very similar 
results except for the RegCM4 simulation for the A2 
scenario ECHAM04 (red line) and the WRF simulation 
using GFDL (grey dotted line), which projections are 
clearly above the others. The ensemble mean, which 
is the averaged except the two above mentioned model 
outputs, is 151 mm/year for the period 2030-2059, which 
is very comparable to the observational average of 138 
mm for the period 1971-2000. However, as mentioned 
before, the simulations for the A2 scenario and A1B 
utilizing GFDL GCM data give much higher precipitation 
rates, which would be a clear increase in precipitation. 
The spread between the different projections is about 
50 mm, excluding the WRF GFDL scenario. 

Precipitation distribution and change maps are 
generated in this project in order to analyze how the 
change is distributed over Nepal. Baseline average 
observation rainfall distribution maps in grid scale 
in Nepal were compared with future bias corrected 
PRECIS, RegCM04 and WRF models. As the resolution 
of the RCMs is different, the change is analyzed on the 

resolution of the individual RCM, comparing its model 
output with the gridded observational data.

Although the RCMs simulations utilizing ECHAM05 
GCM forcing result in similar numbers when averaged 
over the country, their spatial patterns of change differ. 
Fig. 6.16 shows the map of annual mean precipitation 
as projected by PRECIS ECHAM05-A1B scenario at 25 
km resolution, together with the gridded observations 
and projected precipitation values. It can be seen that 
the annual mean rainfall in the future period (2030-
2060) will increase mainly over the lowlands and high 
mountain range with increase over the lower altitude 
Middle Mountains according to this projection. However, 
similar projection but by RegCM04 ECHAM05-A1B 
scenario at 20 km resolution (Fig. 6.17) exhibits a 
slightly different spatial pattern. In this projection, the 
decrease in precipitation is extended towards the high 
mountains and some pockets in the middle Tarai, while 
the increase in the northwestern part of the country 
is slightly stronger. Finally, in Fig. 6.18 it can be seen 
that the WRF simulation for ECHAM05-A1B scenario 
suggests an increase over the entire country, especially 
in the western lowlands and northern high mountainous 
region. 
 

Fig. 6.15. Time series of future projected annual mean precipitation in mm/year by all three RCMs (WRF, RegCM4 and PRECIS) for all 
scenarios from scenario A1B , the individual simulations as grey lines: HadCM3Q0, ECHAM05, CCSM3, GFDL-V2 (dotted), and HadCM3, 

ensemble mean as black line representing scenario A1B and red line represents scenario A2: ECHAM04 
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Annual Mean Precipitation (mm) : 1970-2000 : 
Observed 

Annual Mean Precipitation (mm) : 2030-2060: 
PRECIS ECHAM05- A1B

Fig. 6.16. Annual mean precipitation distribution map comparing observed baseline rainfall and bias-corrected projected rainfall and 
difference between future and observed precipitation by RCM PRECIS ECHAM05-A1B scenario

Change of Annual Mean Precipitation (mm) : 2030-2060: 
PRECIS ECHAM05- A1B
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 Annual Mean Precipitation (mm) : 1960-1990 : 
Observed 

 Annual Mean Precipitation (mm)  : 2030-2060 : 
RegCM4 ECHAM05- A1B 

Fig. 6.17. Annual mean precipitation distribution map comparing observed baseline rainfall and bias-corrected projected rainfall and 
difference between future and observed precipitation by RCM RegCM4 ECHAM05-A1B scenario

Change of  Annual Mean Precipitation (mm) : 
2030-2060 : RegCM4 ECHAM05- A1B 
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Annual Mean Precipitation (mm) : 1970-2000 : 
Observed 

Annual Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B

Fig. 6.18. Annual mean precipitation distribution map comparing observed baseline rainfall and bias-corrected projected rainfall and 
difference between future and observed precipitation by RCM WRF ECHAM05-A1B scenario

Change of Annual Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B
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In annex-7, A7.1 to A7.12, the projected change 
distributions over the country for the different seasons 
are show for this scenario ECHAM05-A1B by the three 
RCMs. Results of the other scenarios can be found in the 
web portal. In these maps we see that in every season 
precipitation might change. RegCM4 and PRECIS 
show both increases and decreases over the country 
for every season, except for winter by RegCM4, which 
exhibits a decrease over the entire country especially 
in central Nepal. This pattern is contradicted by WRF 
model, which exhibits and increase in precipitation 
for every season over the entire country. Similarly, 
the model projections (not shown) for other scenarios 
exhibit different spatial patterns of projected precipitation 
change. This means that although when averaged over 
the entire country the individual models show indicates 
the same rate of increase in precipitation, local the 
projected range of changes is much wider. There is no 
robust signal between the models for the future with 
respect to precipitation. 

All precipitation change maps for all scenarios and 
RCMs can be generated through the web portal.

Maximum temperature

The time series of the projected annual mean maximum  
temperatures for the period 2030-2059 from all RCM 
scenario runs are shown in Fig. 6.19. Most models 
show very similar results except for the RegCM4 
simulation for the A2 scenario ECHAM04 (red line) and 
the WRF simulation using GFDL and ECHAM05 (grey 
dotted lines). The WRF GFDL simulation shows large 

similarities with the RegCM4 A2 scenario, revealing 
a clearly about 3°C below average annual mean 
maximum temperature. The WRF ECHAM05 simulation 
simulates in the beginning much higher temperatures 
compared to the majority of the RCMs, but decreases 
and coincides with these from 2037 onwards. The 
ensemble mean, which is the averaged except the three 
above mentioned model outputs, is 27°C for the period 
2030-2059, which is about 3.5°C increase compared to 
the observational mean of 24.4°C for the period 1971-
2000. However, the spread in projections is about 4.5°C 
taking also the simulations for the A2 scenario and A1B 
utilizing GFDL GCM into account. There is no robust 
signal between the RCMs for the entire country.

The spatial patterns for the annual mean by the 3 RCMs 
are shown in Fig. 6.20 to 6.22 for the annual mean and 
in Fig.  A8.1 to A8.12 in the annex- 8 for the seasonal 
means. For the annual mean the PRECIS RCM 
ECHAM-A1B scenario exhibits an increase in most 
areas across the country. For the highest mountains the 
maximum  temperature rises 4 to over 5.5°C, whereas 
the warmest zones, the Tarai regions, the temperature 
will increase by 1 to 1.5°C. The RegCM4 ECHAM05-
A1B displays similar spatial results, but of smaller 
magnitude over the country; the temperature for the 
high mountain increases generally 2 to 3°C and for 
the lowlands mostly less than 1.5°C. Again, the WRF 
ECHAM05-A1B shows a different spatial pattern with 
strong decrease (>3°C) in temperature over most of the 
lowlands and the northwestern mountains and strong 
temperature increase (2 to 3°C) over the eastern part 
of the country. 
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Fig. 6.19. Time series of future projected annual mean maximum temperature in °C/year by all three RCMs (WRF, RegCM4 and PRECIS) 
for all scenarios from scenario A1B , the individual simulations as grey lines: HadCM3Q0, ECHAM05 (WRF run is dotted), CCSM3, 

GFDL-V2 (dotted), and HadCM3, ensemble mean as black line representing scenario A1B and red line represents scenario A2: ECHAM04 
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Annual Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

Annual Mean Maximum Temperature (0C) : 2030-2060: 
PRECIS ECHAM05- A1B

Fig. 6.20. Annual mean maximum daily temperature map comparing observed baseline temperature and bias-corrected projected 
temperature and difference between future and observed temperature by RCM PRECIS ECHAM05-A1B scenario

Change of Annual Mean Maximum Temperature (0C) : 2030-2060: 
PRECIS ECHAM05- A1B
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 Annual Mean Maximum Temperature (0C) : 1960-1990 : 
Observed 

 Annual Mean Maximum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B 

Fig. 6.21. Annual mean maximum daily temperature map comparing observed baseline temperature and bias-corrected projected 
temperature and difference between future and observed temperature by RCM RegCM4 ECHAM05-A1B scenario

Change of  Annual Mean Maximum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B 
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 Annual Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

 Annual Mean Maximum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B 

Fig. 6.22. Annual mean maximum temperature map comparing observed baseline temperature and bias-corrected projected temperature 
and difference between future and observed temperature by RCM WRF ECHAM05-A1B scenario

Change of  Annual Mean Maximum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B 
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The RegCM4 and WRF ECHAM05-A1B spatial signals 
are both very persistent in throughout all seasons (Fig. 
A8.5 to A8.12). However, the PRECIS ECHAM05A1B 
shows a non-persistent signal over the seasons. Locally, 
temperature changes as projected by the PRECIS and 
WRF ECHAM05-A1B seem to be unrealistic regarding 
the fact that the projections should be realized in 30 
years time from present. The PRECIS RCM simulates 
maximum  temperatures for the pre-monsoon and 
monsoon season that are more than 25°C higher than 
observed. The projected temperature changes by WRF 
RCM range from a decrease of more than 10°C to an 
increase of more than 10°C within the same season; 
in the monsoon season, post-monsoon season and 
winter. This would mean that the temperature gradient 
over the country would increase signiicantly. So, the 
projected change in maximum  temperature is not 
robust. One has to consider also the other projections 
by the RCMs to address the range of change for an 
individual location.  

All maximum  temperature change maps for all scenarios 
and RCMs can be generated through the web portal.

Minimum temperature

The time series of the projected annual mean minimum  
temperature for the period 2030-2959 from different 
RCM scenario runs are shown in Fig. 6.23. The 
ensemble mean minimum temperature of all RCMs is 
about 16°C, which is an increase of about 3°C compared 

to the observations. However, the range of projections 
is about 5°C. Similar to the maximum  temperature, 
the RCM RegCM4 ECHAM04-A2 scenario projects 
considerable lower temperatures compared to the 
majority of the RCM projections, which would indicate 
at no change when averaged over the entire, spatial 
maps have to be consider for local projections. The 
WRF GDFL and ECHAM05-A1B show a very similar 
projected temperature as the RegCM4 ECHAM03-A2. 
Within the RCM ensemble, the WRF ECHAM05-A1B 
realizes the highest increase in minimum temperature 
change of about 6°C. There is no robust signal in annual 
mean minimum  temperature between the RCMs for the 
entire country.

The maps for the annual change in minimum  temperature 
for the RCM running the ECHAM05-A1B scenario are 
presented in Fig. 6.24 to 6.26. The PRECIS RCM map 
shows an increase in temperature everywhere, which is 
in most areas around 2°C with values reaching over 6°C 
in the upper northern mountains and lower eastern parts 
of the country. Also the map of RegCM4 RCM displays 
an increase over the entire country, but of smaller 
magnitude (0.5 to 1.5°C). Slightly larger changes up 
to 8°C are found for the southern lower and northern 
higher parts. On the contrary the WRF map indicates 
both increases and decreases in temperature, with 
similar distribution as seen in maximum temperature, 
but of smaller magnitude: decrease in the western and 
increase in eastern parts. 

Fig. 6.23. Time series of future projected annual mean minimum temperature in °C/year by all three RCMs (WRF, RegCM4 and PRECIS) 
for all scenarios from scenario A1B , the individual simulations as grey lines: HadCM3Q0, ECHAM05 (WRF and PRECIS runs are dotted), 
CCSM3, GFDL-V2 (dotted), and HadCM3, ensemble mean as black line representing scenario A1B and red line represents scenario A2: 
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Annual Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Annual Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Fig. 6.24. Annual mean minimum  temperature map comparing observed baseline temperature and bias-corrected projected temperature 
and difference between future and observed temperature by RCM PRECIS ECHAM05-A1B scenario

Change of Annual Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B
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 Annual Mean Minimum Temperature (0C) : 1960-1990 : 
Observed 

 Annual Mean Minimum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B 

Fig. 6.25. Annual mean minimum  temperature map comparing observed baseline temperature and bias-corrected projected temperature 
and difference between future and observed temperature by RCM RegCM4 ECHAM05-A1B scenario

Change of  Annual Mean Minimum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B 
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Annual Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Annual Mean Minimum Temperature (0C) : 2030-2060: 
WRF ECHAM05- A1B

Fig. 6.26. Annual mean minimum  temperature map comparing observed baseline temperature and bias-corrected projected temperature 
and difference between future and observed temperature by RCM WRF ECHAM05-A1B scenario

Change of Annual Mean Minimum Temperature (0C) : 2030-2060: 
WRF ECHAM05- A1B
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Fig. 6.27. Annual mean rainfall (mm) comparison of SD method and Conventional delta method for three different resolution (left) PRECIS-
ECHAM5 simulation at 25km, (center) RegCM4-ECHAM5 simulation and (right) WRF-ECHAM5 at 12km. SD method BC of rainfall (mm) 
for three different models are shown in (a), (b) and (c), Delta method BC of rainfall (mm) for three different models are shown in (d), (e) 

and (f) and Percentage of difference between delta method and SD method is shown in (g), (h) and (i)

For the seasonal minimum  temperature the PRECIS 
and WRF ECHAM-A1B simulations show a strong 
similarity to the annual patterns (Fig. A9.1 to A9.12 in 
the annex- 9). However, only the WRF RCM spatial 
distribution of change is very similar to the pattern of the 
projected maximum  temperature. The PRECIS model 
exhibits consistent seasonal patterns with pockets of 
strong increase alternating with areas with almost no 
change expected. Although the annual pattern of change 
in RegCM4 output is rather small in magnitude, the 
seasonal change maps (Fig. A9.5 - A9.8) are displaying 
a mixed pattern. During the pre-monsoon an increase 
is found for the entire country, while the monsoon, post 
monsoon and winter seasons show areas in which 
the temperature will increase or decrease. One has 
to consider also the other projections by the RCMs to 
address the range of change for an individual location.  

All minimum  temperature change maps for all scenarios 
and RCMs can be generated through the web portal.

6.2.3  Comparison of present BC approach 

with traditional Delta method

Conventional approaches of bias correction were started 
early 20th century where researches followed linear 
approaches to correct the model biases. Coles (2001) 
7  described the so-called “Delta Approach” as adding 
the difference between simulated present and future to 
the observed climate, which might improve the mean 
values of the model simulations to a larger extent. We 
have carried out few assessment studies to address the 
importance of SD ration methods over the conventional 
delta method. Fig. 6.27 shows the annual mean rainfall 
for SD correction method, delta method and the 
percentage difference of these methods over Nepal (for 
baseline period) for  PRECIS-ECHAM5 simulation at 
25km resolution (Fig. 6.27 a, d, g), RegCM4-ECHAM5 
simulation at 20km (Fig. 6.27 b, e, h) and for WRF-
ECHAM5 at 12km (Fig. 6.27 c, f, i). It can be found 
that the SD correction method is able to represent the 

PRECIS - ECHAM5 WRF - ECHAM5RegCM4 - ECHAM5
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mean features of rainfall well in all resolutions when 
compared to delta method where for 20km and 12km 
the simulation of rainfall is not well captured. Also, 
the percentage of change difference in these models 
are quite high owing to the fact that the SD correction 
method is much better compared to conventional 
delta approaches and there is no consistent change 
between the three different models i.e., percentage 
change is different for different simulations. It has 
also been shown by many researchers (Graham et al 
2007 8; Sennikovs and Bethers 2009 9 ) that for impact 
assessment modeling approaches where time series 
of model results are considered, the conventional delta 
approaches may fail due to non-linear responses of 

climate change signal and linear approaches might not 
be the right way to proceed.

Similar analysis for maximum temperature and minimum 
temperature were carried out and it was found that the 
maximum temperature is overestimated (Fig. 6.28) 
in delta method compared to SD method, as already 
shown in previous section SD method the magnitude 
and variability of maximum and minimum temperature 
are comparable to observations. From Fig. 6.29 also it 
was found minimum temperature was overestimated in 
all the resolutions, the most predominant was found in 
WRF model simulation.

Fig. 6.28. Annual mean maximum temperature (oC) comparison of SD method and Conventional delta method for three different resolution 
(left) PRECIS-ECHAM5 simulation at 25km, (center) RegCM4-ECHAM5 simulation and (right) WRF-ECHAM5 at 12km. SD method BC 

of maximum temperature (oC)  for three different models are shown in (a), (b) and (c), Delta method BC of maximum temperature (oC)  for 
three different models are shown in (d), (e) and (f) and Percentage of difference between delta method and SD method is shown in (g), (h) 

and (i)

PRECIS - ECHAM5 WRF - ECHAM5RegCM4 - ECHAM5
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Fig. 6.29. Annual mean minimum temperature (oC) comparison of SD method and Conventional delta method for three different resolution 
(left) PRECIS-ECHAM5 simulation at 25km, (center) RegCM4-ECHAM5 simulation and (right) WRF-ECHAM5 at 12km. SD method BC 

of minimum temperature (oC)  for three different models are shown in (a), (b) and (c), Delta method BC of minimum temperature (oC)  for 
three different models are shown in (d), (e) and (f) and Percentage of difference between delta method and SD method is shown in (g), (h) 

and (i)

7 Coles SG ., 2001: An Introduction to statistical modelling of Extreme values, Springer, Berlin, p208. 
8 Graham, L. P., Hagemann, S., Jaun, S., and Beniston, M.: On interpreting hydrological change from regional climate models, Climatic 

Change, 81, 97–122, 2007.  
9 Sennikovs, J. and Bethers, U.: Statistical downscaling method of regional climate model results for hydrological modelling.
* 18th World IMACS/MODSIM Congress, Cairns, Australia, 13-17 July, 2009.
------------------------------------------------------------------------------------------------------

PRECIS - ECHAM5 WRF - ECHAM5RegCM4 - ECHAM5
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The comparison of Delta method and SD method for 
annual mean cycle of rainfall shows that the Delta 
method is able to follow the raw model output for 
2040s (Fig. 6.30), if we consider monthly time series 
of rainfall variable, However, the pre-monsoon rainfall 
is underestimated by 50-100 mm in the climatological 
cycle and in the post monsoon rainfall is over 
estimated by 50-200mm. In case of BC-SD method the 
summer monsoon rainfall (JJAS) is high compared to 
observations, this might be due to increasing rainfall in 
the climate change scenario during 2040s for this model. 
The underlying assumption however in both the bias 
correction method is that the future is going to follow 
similar pattern as present, since we use the observation 
as the base to bias correct our model results. It is found 
that the SD method is able to represent the climate 
change signal better than Delta method. Also, the 
variance in the SD method is much better estimated 
than the Delta method, thus the SD bias correction 
approach used for this study can be considered as 
better than the conventional delta method. 

6.3  Summary and Discussion

Multi-model ensemble of regional climate model 
simulations over Nepal has been performed in order to 
validate and understand the performance of the model 
over this region. This activity is irst of its kind for the 
topographically varying country like Nepal and also 
essential due to climate change and its impact on water 

resources and agriculture.
 
Global climate models performance over Nepal 
region in terms of mean and standard deviation are 
comparable to DHM observations for 5 models out of 
15 (considered from IPCC AR4, 2007 assessment). We 
have considered models that perform well as indicator 
to use for regional downscaling over Nepal. It was found 
that increasing resolution helps to capture regional and 
local scale features of the climate better, however we 
need extensive increase in observations to validate at 
such scales. Rainfall climatology patterns of annual 
mean and seasonal mean were well represented in all 
the models except for a decrease in rainfall in northern 
regions for PRECIS-ECHAM5, the maximum and 
minimum temperature were also found to have very 
low temperatures in the northern parts of Nepal, and 
are unable to represent the complicated topography 
and the temperature variability over the region. In such 
cases as multi-model ensembles, it is not considered to 
take an ensemble mean since it might suggest a mean 
characteristic, however individual model spread is 
quite large and the mean might reduce the intermittent 
variability. Thus, we consider a bias correction approach 
that is similar across all the models and variables. Three 
variables were considered for bias correction, rainfall, 
maximum temperature and minimum temperature. 
Long observational station records of DHM have helped 
the project to provide gridded datasets that improves 
the bias correction approach for the present study. 

Fig. 6.30. Annual cycle of rainfall (in mm) averaged over Nepal region, for (black line) OBS-DHM (1971-2000) time period, (blue line) SD 
bias correction method for PRECIS-ECHAM5 (2030-2060), (red line) Raw Model output for PRECIS ECHAM5 (2030-2060), and (violet 

line) for Delta Method – PRECIS ECHAM5 simulation for (2030-2060) time period
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Based on the analysis of bias-corrected different model 
outputs, some basic understanding of future climate 
change conditions can be derived for Nepal. The results 
shown in the previous session and will be summarized 
here, do focus on the ECHAM05-A1B scenario as all 
RCMs did utilize this GCM dataset and thus should be 
indicative for all model projections. 

Mean maximum  temperature

In general, all the bias corrected model outputs from the 
PRECIS, RegCM4 and WRF have shown an increase 
in the annual and seasonal maximum  temperature 
throughout the entire country of Nepal. Among all the 
seasons, model outputs have shown that the maximum 
temperature will increase largely in the summer season 
(monsoon), while temperature will increase slightly 
during winter and autumn (post-monsoon). 

In detail, PRECIS, RegCM4 and WRF have shown 
similar results in annual analysis. The temperature will 
increase largely, with approximately 3oC, according to 
most future projections. However, the signal is not robust 
if one considers the spatial distribution of the expected 
change in temperature. Especially, as shown in this 
report, the spatial projection patterns by RCM WRF 
deviate from the output from PRECIS and RegCM4. 
During the monsoon season, bias corrected PRECIS 
and RegCM4 outputs for ECHAM05-A1B scenario 
have shown that the mean maximum temperature will 
increase across the entire country territory, especially in 
southern and northern parts. The bias corrected WRF 
output has shown that in the northwest, the temperature 
will decrease, while in the east, the temperature will 
increase in the future. During post-monsoon, model 
outputs have shown that mean maximum temperature 
will increase slightly in the central part of the country, 
while it will decrease in both the lowest southern 
and northern regions. In wintertime, the maximum 
temperature will increase in most areas throughout the 
country. Large increases of maximum temperature will 
occur in the lower southern part and the northern high 
mountainous region. 

Mean minimum  temperature

In general, all the bias corrected model outputs from the 
PRECIS, RegCM4 and WRF have shown an increase of 
annual minimum temperature averaged over the entire 
country of Nepal. The range of projected increase is 
wider compared the maximum temperature, indicative of 
the range in uncertainty between the model projections. 
On average an increase in annual mean minimum  

temperature of 3°C ± 2.5°C could be anticipated. 
Similar to the results found for the mean maximum  
temperature, the signal in the spatial distribution of 
projected change is not robust between the different 
RCMs. However for this parameter PRECIS and WRF 
do have large similarities in the spatial distribution of the 
projected change and RegCM4 results deviate.

Precipitation

The analysis of results from the bias corrected model 
outputs show that the average annual rainfall in the 
future period (2030-2060) in Nepal will increase slightly 
from the baseline observed rainfall, especially in 
western and northern high mountainous regions. The 
different RCMs forced by the different GCM outputs 
are very similar when addressing the expected change 
averaged over the entire country, an increase of about 
20 mm/year. However, the spatial distribution of change 
is not consistent over the season, neither consistent 
between the different RCMs. Where PRECIS and 
RegCM4 output show pockets of increased and 
decreased precipitation for each season, the WRF 
exhibits no decrease, only no change or increase in 
precipitation for all seasons. 

In order to compare our present BC method to 
conventional delta approaches, our attempt showed 
that the conventional methods could simulate the mean 
better. However the variability of the model simulation 
is less in the delta method, since only the mean of 
the model bias is corrected. Also, the seasonal cycle 
comparison of the conventional delta approach, with 
SD bias correction approach showed that the latter is 
better than the former. 

To conclude, we found that an ensemble of model 
simulation is essential for a topographically varying 
country like Nepal, and though the present day models 
are able to represent the rainfall in a reasonable way, 
they have less magnitude and variance. This is also 
found for temperature variables, thus we used a well-
informed SD bias correction approach, which was able 
to provide reasonable results in the Nepal region. These 
datasets are provided in the data portal for further use of 
the research community. Of all the models, the models 
that are more closer to observational variability and 
climatology is from PRECIS- ECHAM5 and HadCM3 
for all three variables, RegCM4 and WRF models 
also show improvements in their pattern and seasonal 
cycle after BC. Thus, all the models can be used for 
impact studies, but it would be good to test your impact 
models or climate change risk calculation with PRECIS 
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model outcomes as median and better model and WRF 
model as the climate extreme scenario with high risk 
and RegCM4 as a low risk case scenario. However, 
climate change impact in future is not only dependent on 
RCMs outcome but also on the underlying assumptions 
associated with SRES scenarios and local changes to 
land use/land cover and many other multiple factors. 
The present study was able to provide a range of RCM 
outcomes using different LBCs and models with different 
resolutions and similar SREX scenarios, however the 
multiple ensembles of similar models with different initial 
conditions of LBCs might provide a robust information 
but also it is computationally expensive (both space and 
time) and hence could not be carried out within a short 
period of project time. As seen in Fig. 6.31, our study 
provides a range of climate change information  for  
SRES A1B scenario at regional scales over Nepal for 
the irst time. When compared to IPCC AR4, where 20 
model outcomes for SRES A1B scenario is considered, 
we provide similar assessment for 7 models outcomes 
for SRES-A1B scenario. 

Fig. 6.31. Projections of future global average surface temperature for various IPCC scenarios. The graph shows temperature changes 
(as compared with the 1980-1999 average, which is used as the baseline) for three scenarios (A2, A1B, and B1). Solid colored lines 

represent “most likely” trends; shaded regions represent “probable ranges”. The gray bars on the right represent year 2100 temperatures 
for all six scenarios; the colored stripe represents the “best estimate”, while the shaded gray region represents “likely ranges”. The 

different scenarios and models predict temperature changes between one and slightly more than six degrees Celsius. (Source: http://

www.ipcc.ch/publications_and_data)
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7
Climate Data Portal, Capacity Building, 

Workshops and Reports

7.1    Climate Data Portal Development 

The Nepal Climate Data Portal is designed to facilitate 
the analysis of climate/meteorological, geographical 
and projection data using a publicly accessible web 
based interface. The intended audience is climate 
research scientists, meteorologists, hydrologists and 
anyone who needs to understand past and future 
(projected) weather and climate patterns. It also serves 
to allow the purchase of data that has been collected by 
the DHM in Nepal.

The Nepal Climate Data portal can be access through 
http://dhm.gov.np/dpc (alternatively, it can also be 
reached by clicking on an image called “Climate Data 
Portal” on the home page of http://dhm.gov.np). 

7.1.1  Use of Nepal Climate Data Portal

The portal is designed to be a rather sophisticated 
calculator with its own database. Its calculation results 
are maps, time-series charts, or downloadable data. 
Like a spreadsheet (which is another sophisticated 
calculator), it uses a simple language to represent 
arithmetic and statistical operations. However, it is 
important to be aware that, just like any calculator, it 
basically applies the given instructions to the data 
provided. Ultimately, it cannot recognize “bad data” or 
instructions. Though it does have some mechanisms to 
cope with “bad data”, and it can use some meta-data 
(data about data) to help users validate results.

For example, the portal cannot and does not try to 
detect incorrect outliers, but the map overlay colors will 
visually and obviously show those outliers. Therefore, 
the user can edit the color scale to exclude those 
outliers and see a useful map. As another example, 
the system does not know what the values mean, but 
does know about units, so it can dimensionally analyze 
expressions and then show the output units. The portal 

will do complain when units are incorrectly mixed in an 
expression.

To ensure smooth functioning of the portal in the future 
the DHM staff is trained on software platform and 
architecture, how to upload the data as well as how to 
maintain the portal during the inal workshops in August 
2012. Additionally DHM has the ability and authority to 
upload their own products to the web portal to keep the 
portal up-to-date. (see the annex- 11 for the technical 
presentation)

7.1.2  Climate Data Portal Features

The web portal has the following features:
• Easy selection and display of:
 - Observed Station Data
 - Observed Gridded Data
 - Projected Data
 - Bias Corrected Projected Data
• Easy comparison of data
• Ability to aggregate data/ Ensemble averages
• Flexible data queries, which allows more 

sophisticated data analysis by giving the user the 
ability to enter expressions

• Dimensional and delta analysis of expressions to 
aid data validation

• Generation of time-series charts, with regression 
lines, and ability to combine and resize charts

• Filtering map by places /values
• Filtering of places shown on the map with shape 

iles
• Popup boxes to show values
• Ability to show observation stations as a separate 

layer
• Printable images of the map overlay
• Downloadable data
• Data purchase facility (payments are processed 

manually, rather than via a payment gateway)
• Management of data purchases
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User Interface and Map View Components

In the Fig. 7.1 and 7.2 examples of the climate data  portal 
user interface as well as the map view components are 
shown. In tables 7.1 to 7.3 the map view components, 

the side panel components and menu components are 
summarized that are available in the data portal. For 
each component, the separate elements, its purpose 
and a short description are given.

Fig. 7.1. User Interface of the Nepal Climate data Portal

Fig. 7.2. Map View Components
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1 4

2 5
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Color Key

Filter Box

Map Overlay

Map View Components

Side Panel Components

Menu Components

Side Panel

Legend/Query Box

Table. 7.1.  Map View Components

Table. 7.2.  Side Panel Components

Table. 7.3.  Menu Components

Component Purpose Description / Notes

Map Overlay
Shows values above the base map 
layer

Values from the query are shown as 
colored squares

Legend /Query Box
Controls the data being shown in 
the map overlay.

-

Filter Box
Place/value based iltering of the 
map overlay

Can ilter based on any attribute, e.g. 
elevation > 1000

Color Key
Control the colors shown in the 
map overlay

This is set to sensible values from the 
query data. It is also editable, and lockable

Component Purpose Description / Notes

Layers Toggle visible map layers -

Select Data: (A) 
Easily generates a query to display 
data

-

Compare with Data (B) 
Easily generates a query to com-
pare data

Used together with Select Data: (A) 

Show Chart for Selected 
Places 

Show a time-series chart for 
selected  

Places on the map overlay need to be 
selected to enable this button

Download Printable Map 
Image 

Downloads a generated (server-
side) PNG Image of the map

Side panel and unnecessary map widgets 
will not appear on the image

Region Filter Filter data for speciic region/s Other than this component, user also can 
use Filter Box for the same task.

Component Purpose Description / Notes

Climate
Allow user to purchase data and to 
access for the help documents 

Sub menus for Station Parameters, 
Purchase Data, User Manual and Model 
Descriptions
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Chart popup window

Fig. 7.3. Chart Popup Window Components
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Login and Purchase Data

The data portal provides a combination of freely 
availbale and payble data/information on past and future 
climate. The portal allows users to order data, make 
note of payment details, track orders and download the 
data once purchased. 

Before the purchase the data, the user must register 
an account on the system. Then the user can make an 
order to purchase the data through the “Purchase Data” 
feature available in the Climate menu. At this point 
the user pays the price by whatever method currently 
available (For example: Payment can be made to a 
bank and email the scan copy of the bank receipt). After 
receiving the payment, DHM staff veriies the payment 
and its system administrator logs in and checks 
the purchased data screen. Then the administrator 

checks the “Paid” checkbox and releases the data for 
download. Now when the user next logs in, the data can 
be downloaded (a green download button appears on 
the Purchase Data Detail screen). The downloadable 
data is in simple CSV format and it can be viewed in 
any spreadsheet.  

Flexible Data Queries

Internally, the Nepal Climate Data Portal uses a simple, 
specialized query language which is used to query the 
database. And also this language can be used directly 
to formulate more complex queries than a simple user 
interface could easily allow. This feature can be used for 
more advanced statistical analysis such as computing 
Coeficient of Variation to show the dispersion of the 
climate data and interpret its reliability.

Innovative Features

Below as well as in Fig. 7.3 and 7.4 embellish some 
innovative features available in the climate data portal. 

Fig. 7.3 shows the components of the chart popup 
window. And also Fig 7.4 describes the data purchasing 
feature available in the climate data portal. 
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Step 1: A new user must register an account on the system

Fig. 7.4. Steps of the Login and Purchase of Data

Step 2: From the main menu, the user selects “Purchase Data” for the data purchasing system. Then “Purchase new data”. The user 
selects the desired parameter,station, date range, etc.

Step 3: A summary screen is shown, including the price. The user can see a list of the data they have ordered on the All Purchased 
Data screen. At this point the user pays by whatever method available.

Step 4: An administrator logs in and checks the purchased data screen. They click Open and then check the “Paid” checkbox. This 
releases the data for download. Now when the customer next logs in, the data can be downloaded. A green download button appears 

on the Purchased Data Detail screen

A deeper understanding can be gained by reading the 
user manual which is available from the link on the 

portal itself and annex- 12 in this report.
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7.2   Capacity Building and Dissemination   

         Workshops 

7.2.1   Capacity Building Workshops

In order to fulill the objectives of the project on capacity 
building of DHM staff and to continue the sustainability 
of the work, the training and capacity building aspects of 
DHM oficials to face future challenges in similar nature 
and to provide necessary information to the sector 
speciic stakeholders for their impact and vulnerability 
assessments to climate change, must be addressed. 
Therefore, it is proposed to conduct several training 
workshops for DHM staff to cope with the work and 
building their capacity on dealing with historical climate 
data and downscaling of future climate projections.
 
Three (3) training workshops on quality control, 
interpolation techniques for generating gridded data 
sets and statistical analyses of historical climate data 
in Kathmandu, Nepal and four (4) training workshops 
on downscaling of future climate scenarios using 
PRECIS, WRF and RegCM4 have been scheduled to 
be conducted within this project period. Three (3) DHM 
oficials were invited to participate for each training 
workshop. 

Training workshop on quality controlling of climate 

data, interpolation techniques and statistical 

analysis of historical climate data in Kathmandu, 

Nepal: 

These training workshops (2 days each) were conducted 
in Katmandu during the months of April and June 2011, 
by Dr. L. Devkota for the beneits of DHM staff members 
on quality control methods of observed meteorological 
data, usage of software, interpolation and developing 
gridded data sets and statistical analysis of observed 
meteorological data. 

The objectives of the workshops
1. Introducing latest techniques/ software for quality 

control, interpolation and statistical analyzing of 
data historical data.

2. Providing technical knowhow to install necessary 
software and carryout analyses at DHM for future 
work in similar nature 

Training workshop on PRECIS modeling at TERI, 

India:

It was noticed during the inception workshop (by 
presentations of DHM oficials) that DHM has used 

the PRECIS model in the past.  After discussions with 
DHM oficials, it was revealed that some of the oficials 
who are conversant with the PRECIS model have been 
released for higher studies abroad, and DHM is now 
facing some dificulties in running PRECIS due to the 
unavailability of trained personnel. DHM oficials have 
undergone PRECIS training in the region by the UK 
Met ofice several years ago. However, a refresher 
course was needed, so a two-day PRECIS training 
workshop was conducted between August 16th- 17th, 
2011 (this was proposed in the inception report) at 
TERI in India. This training workshop was certainly 
helpful to strengthen the existing capacity of DHM staff 
members on PRECIS modeling. It is worthwhile noting 
that this training is also certainly helpful for their work, 
as they might need to produce high-resolution climate 
information with several other emission scenarios in the 
future.

The objectives of the workshop 
1. Identify the existing capacities and gaps of DHM 

staff 
2. Provide training on PRECIS modeling with hands-

on exercises to develop future climate information 
at DHM

3. Provide technical knowhow to install PRECIS 
model at DHM after the training 

The following DHM oficials participated in the training 
workshop 
1. Mr. Suman Kumar Regmi -Meteorologist 
2. Mr. Nirajan Sapkota -Meteorologist 
3. Mr. Bidya Ratna Shakya -Meteorologist

Lecture series on WRF modeling at BCCR, 

Bergen, Norway:

This lecture series was conducted by BCCR, Bergen, 
Norway from September 5th- 8th, 2011 (this was 
proposed in the inception report).  This was mainly 
comprised of presentations by WRF model developers 
at NCAR, USA and researchers and users of WRF from 
many countries around the world on their research 
activities using the WRF model.

The objectives of the workshop 
1. Provide a platform for understanding WRF model 

applications 
2. Provide a great opportunity to interact with model 

developers  (NCAR-USA) and model users from 
many other countries (useful for future work at 
DHM on WRF)  

3. Encouraging innovative approaches of WRF model 
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utilization.  

The following DHM oficials participated in the workshop: 
1. Mr. Mani Ratna Shakya – Senior Divisional 

Meteorologist 
2. Mr. Kamal Prakash Budhathoki – Senior Divisional 

Meteorologist 
3. Mr. Saraju Kumar Baidya – Senior Divisional 

Meteorologist

Training workshop on WRF modeling at ADPC, 

Thailand:

ADPC organized a WRF hands-on training workshop 
during a ive-day period from October 10th-14th, 2011 in 
Bangkok, Thailand (this was proposed in the inception 
report). Resource persons from BCCR of Norway and 
NCAR of USA participated in order to conduct this 
training workshop. Basics of WRF modeling system, 
physics, WRF processing System (WPS) and WRF 
model installation were discussed during this training 
workshop. It is worthwhile noting that this training was 
also certainly helpful for their regular work, as they might 
need to produce high-resolution climate information 
with several other emission scenarios for in the future.  
It is also helpful for strengthening day-to-day weather 
forecasting capacities at DHM as WRF has been widely 
used for short-range weather forecasting.

The objectives of the workshop 
1. Provide comprehensive training on WRF model 

with hands-on exercises 
2. Provide technical knowhow to install the model at 

DHM 

The following DHM oficials participated in this training 
workshop: 
1. Ms. Biju Pradhan - Meteorologist 
2. Mr. Rajaram Dhakal - Meteorologist 
3. Mr. Sujan Subedi - Meteorologist

Training workshop on RegCM4 modeling at 

ADPC, Thailand:

A three-day RegCM4 training workshop was conducted 
at ADPC in Bangkok from March 6th-8th, 2012 (this 
was proposed in the inception report). Resource 
persons from IITM of Pune, India participated in order 
to conduct this training workshop. This training mainly 
covered the basics of RegCM4 modeling system, model 
installation, and usage for downscaling of future climate 
projections. Additionally, the training was certainly 
helpful for their regular work, as they might need to 

produce high resolution climate information with several 
other emission scenarios in the future. The workshop 
was helpful for strengthening their research capacity on 
climate modeling.  

The objectives of the workshop 
1. Provide training on RegCM4 model with hands-on 

exercises 
2. Provide opportunities for enhancing research 

capacity on climate modeling 
3. Provide technical know-how to install RegCM4 

model at DHM after the training 

The following DHM oficials participated in this training 
workshop: 
1. Mr. Indra Bikram Singh - Meteorologist 
2. Mr. Barun Paudel - Meteorologist 
3. Mr. Bidur Jha – Meteorologist

7.2.2   Dissemination Workshops

Two workshops were organized in August 2012 in 
Katmandu for dissemination of the results of the project. 
The irst workshop was held for half a day for the beneit 
of DHM IT staff on data portal software platform and 
architecture, how to upload the data as well as how to 
maintain the portal during the workshops. through the 
workshop, DHM was able to get the ability and authority 
to upload their own products to the web portal to keep 
the portal up-to-date. 

Subsequently, another one (1) day workshop was 
organized in Kathmandu for policymakers from the 
relevant ministries, technical experts from various 
disciplines such as agriculture & food security, water 
resources, power and energy, health, etc and DHM 
oficials on the importance of future climate information 
in development planning and web portal usages on the 
interpretation of downscaled future climate projections 
for understanding sector speciic impacts and 
vulnerabilities, climate change adaptation strategies. 
In this workshop, arrangements were made to oficially 
launch the climate data portal. All the project partners 
attended this inal workshop to share their experiences.  

Nepal Climate Data Portal was launched by the 
Honorable Dr. Keshab Man Shakya, Minister of 
Environment Science and Technology of Government 
of Nepal on 26th August 2012 at Hotel Himalaya in 
Kathmandu. Mr.Krishna Gyawali, Secretary to the 
Ministry of Environment, Science and Technology 
of Nepal, Dr. Rishi Ram Sharma, Director General, 
Department of Hydrology and Meteorology of Nepal, 
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Mr. N.M.S.I. Arambepola, Deputy Executive Director 
of ADPC, Mr. Siddhanta Vikram, Oficer-in-Charge of 
Nepal Residence Mission of ADB also participated to 
grace this occasion. The Launching event was attended 
by about 130 participants comprising policymakers, 
technical experts, researchers, University lecturers, etc. 

7.3    Report for Improving DHM

This report has been prepared on how to improve 
the climate data collection of DHM to meet the future 
challenges based on country needs. This report assesses 
the current network of meteorological data stations and 
suggests the mechanisms needed to expand it, in order 
to have better coverage of meteorological data. This 
report also includes improvement recommendations for 
DHM such as equipment needs, enhanced infrastructure 
and human resources (See Annex-13  for full report).

In summarizing, the report

1. assesses the need for improving Nepal’s Climate 
and weather data collection (eg. condition of 
weather station equipments, infrastructure and 
human resources capacity, etc.

2. assesses these needs and making 
recommendations for improving and maintain 
climate data to meet future challenges. 

3. assesses the current network of meteorological data 
stations and suggest the mechanisms to expand it 
to have a better coverage of meteorological data. 

4. also includes equipment needs, infrastructure to be 
enhanced and human resources to be deployed to 

meet the needs in improving the DHM. 
5. includes proposal for inancial and human resources 

required to implement the recommendations made 
in the report. 

7.4    Project Recommendations

1. One of main objectives of this TA was to develop 
a climate data portal for querying and accessing 
observed station and gridded climate data information 
as well as downscaled projected future climate data 
and information. In order to ensure the sustainability 
of the data portal, training workshops have been 
conducted for IT personals of DHM. Trainings were 
given on software platform and architecture, how 
to upload the data as well as how to maintain the 
portal. However, it was felt that there is no dedicated 
IT person at DHM at present as the person who 
was involved at the beginning of the project has 
been transferred to other government Department. 
The workshop was attended by technical persons 
who are familiar with climate modeling as well as 
technical persons working in climate division. In 
view of this, there is a great concern on lacking 
of dedicated IT personal at DHM at present. To 
further ensure the sustainability of the portal, the 
project was recruited and received the service 
of a local expert (Mr. Bishal Gauli) who is having 
capabilities on web programming, developing and 
management. In addition, there is an ongoing project 
for developing a database for DHM with the inancial 
support from Finland government. RTS (“Real Time 
Solutions” - local consultant irm) has been involving 

Fig. 7.5. Nepal climate data portal was oficially launched during the inal dissemination workshop  
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in this project. RTS oficials have been participating 
in our workshops most of the workshops (since the 
have been participating in our workshops most of 
the workshops (since the inception) and separate 
discussions were also held with our web portal 
consultants on the design as well as maintenance 
of the portal. Therefore getting involved RTS oficials 
could be another option for sustainability of the portal 
till an IT person recruits by the DHM.

2. Three training workshops were conducted on WRF, 
PRECIS and RegCM4 modeling under this TA to 
provide good exposure on modeling work at DHM. 
Participants who attended workshops (nominated by 
DHM in consultation with MOE, Nepal) were able to 
run the models during the training and made some 
commitments that they would be working with other 
oficers who are familiar with those models, once 
they go back to DHM. (DHM has used PRECIS & 
RegCM in the past). Staff who attended the trainings 
is capable for providing guidance on climate data 

portal for potential users and also to carry forward 
their modeling work at DHM to cope up with the 
future demands and to generate future climate 
change scenarios by themselves. We strongly 
believe that it they would be able to carry forward 
this effort to develop future climate scenarios as and 
when necessary. It is worthwhile mentioning that 
ADPC was not involved in the selection process of 
participants for the above trainings as it was done by 
DHM and MOE. Nevertheless, DHM staff members, 
especially who attended the trainings and others 
who actively involved in the project, are in a good 
position to provide sound advice on data availability, 
utilization of data in sectors, etc to all kind of users.  

3. It is also worthwhile mentioning that a special 
report has been produced under this TA to discuss 
existing gaps and needs at DHM and make 
recommendations to improve DHM to meet future 
demands and challenges. 
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1

A
The spatial distributions of the monthly maximum and minimum 

temperatures and their standard deviations over Nepal during January 

to December for 1971-2009

Fig. A1.1. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) for January and February (1971-2009)
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Fig. A1.2. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) for March and April (1971-2009)
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Fig. A1.3. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) for May and June (1971-2009)
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Fig. A1.4. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) for July and August (1971-2009)
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Fig. A1.5. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) 
for September and October (1971-2009)
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Fig. A1.6. Monthly mean maximum and minimum temperatures (º C) and standard deviations (º C) 
for November and December (1971-2009)
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2

A
Annual Trends of various temperature indices for 1971-2009

Fig. A2.1. Trends per year of various temperature indices 
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3

A
The spatial distribution of monthly precipitation and their coeficient of 

variations over Nepal during January to December for 1971-2009

Fig. A3.1. Monthly precipitation (mm) and coeficient of variations (% of average) for January to April (1971-2009)
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Fig. A3.2. Monthly precipitation (mm) and coeficient of variations (% of average) for May to August (1971-2009)
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Fig. A3.3. Monthly precipitation (mm) and coeficient of variations (% of average) for September to December (1971-2009)
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4

A
Annual Trends of various precipitation indices for 1971-2009

Fig. A4.1. Trends per year of various precipitation indices 

PositiveTrends NegativeTrends Magnitude of the trend
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5

A
Seasonal and annual linear trends of 

maximum and minimum temperatures and precipitation for 1971-2009

Fig. A5.1. Linear trends in maximum and minimum temperatures (in º C per decade) for winter, spring, summer and autumn seasons 
(1971-2009)
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Fig. A5.2. Linear trends in maximum and minimum annual temperatures (in º C per decade) for 1971-2009
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Fig. A5.3. Linear trends in winter, spring, summer, autumn and annual precipitations (% of average per decade) for 1971-2009
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6
ASeasonal and annual statistics based on regional and all-Nepal of 

maximum and minimum temperatures and precipitation (1971-2009) 

for six regional and one all-Nepal

Table. A6.1. Seasonal and annual statistics based on regional and all-Nepal for maximum temperature series, 1971-2009

Eastern Tarai and Siwalik (ETS) Eastern Middle Mountain (EMM)

Mean 
(˚C)

Stdev
(˚C)

Trend
(˚C/yr) F-value

Mann-
Kendall

Mean 
(˚C)

Stdev
(˚C)

Trend
(˚C/yr) F-value

Mann-
Kendall

DJF 24 1.0 0.05 8.47 0.41 17 1.0 0.04 6.11 0.27

MAM 32 1.1 0.05 10.30 0.39 25 0.8 0.03 5.81 0.28

JJAS 32 0.8 0.06 13.84 0.67 26 0.5 0.04 14.67 0.54

ON 29 1.2 0.07 9.33 0.49 22 0.8 0.05 8.83 0.51

ANNUAL 29 0.8 0.06 9.56 0.53 23 0.6 0.04 9.88 0.53

Central Tarai and Siwalik (CTS) Central Middle Mountain (CMM)

DJF 22 0.7 0.01 0.87 0.03 18 0.9 0.04 12.21 0.38

MAM 32 1.0 0.02 1.26 0.09 26 0.9 0.03 5.12 0.24

JJAS 32 0.6 0.04 14.49 0.49 27 0.6 0.04 13.17 0.62

ON 28 0.7 0.03 4.75 0.31 23 0.6 0.04 13.74 0.46

ANNUAL 29 0.5 0.02 7.02 0.31 24 0.6 0.04 14.81 0.54

Western Tarai and Siwalik (WTS) Western Middle Mountain (WMM)

DJF 22 0.8 0.02 4.15 0.17 20 0.9 0.03 6.25 0.23

MAM 33 1.0 0.01 0.38 0.07 30 1.1 0.03 2.65 0.20

JJAS 32 0.5 0.02 4.43 0.23 30 0.6 0.03 13.88 0.42

ON 28 0.6 0.03 6.75 0.34 25 0.8 0.04 8.69 0.34

ANNUAL 29 0.4 0.02 5.43 0.26 26 0.6 0.03 4.20 0.35

All Nepal

Mean (˚C) Stdev
(˚C)

Trend
(˚C/yr) F-value Mann-Kendall

DJF 24 1.0 0.05 8.47 0.41

MAM 32 1.1 0.05 10.30 0.39

JJAS 32 0.8 0.06 13.84 0.67

ON 29 1.2 0.07 9.33 0.49

ANNUAL 29 0.8 0.06 9.56 0.53
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Table. A6.2. Seasonal and annual statistics based on regional and all-Nepal for minimum temperature series, 1971-2009

Eastern Tarai and Siwalik (ETS) Eastern Middle Mountain (EMM)

Mean 
(˚C)

Stdev
(˚C)

Trend
(˚C/yr) F-value

Mann-
Kendall

Mean 
(˚C)

Stdev
(˚C)

Trend
(˚C/yr) F-value

Mann-
Kendall

DJF 10 0.8 0.05 14.97 0.55 6 0.6 0.02 2.14 0.17

MAM 19 0.9 0.05 11.94 0.41 13 0.6 0.01 0.46 0.04

JJAS 24 0.6 0.04 12.61 0.56 18 0.4 0.02 4.25 0.32

ON 18 0.9 0.05 11.18 0.38 12 0.6 0.01 0.92 0.12

ANNUAL 18 0.6 0.04 13.05 0.55 12 0.4 0.01 2.07 0.16

Central Tarai and Siwalik (CTS) Central Middle Mountain (CMM)

DJF 9 0.8 0.04 9.82 0.34 6 0.6 0.02 3.58 0.22

MAM 18 0.7 0.03 7.61 0.29 13 0.6 0.01 1.51 0.14

JJAS 23 0.4 0.02 6.39 0.35 18 0.5 0.03 7.00 0.41

ON 16 0.7 0.02 1.97 0.16 12 0.6 0.01 1.13 0.17

ANNUAL 17 0.4 0.02 11.59 0.38 12 0.4 0.02 8.55 0.34

Western Tarai and Siwalik (WTS) Western Middle Mountain (WMM)

DJF 8 0.8 0.02 2.35 0.19 7 0.7 0.02 1.42 0.16

MAM 18 0.6 0.01 1.78 0.15 15 0.7 0.01 1.31 0.16

JJAS 24 0.5 0.02 1.95 0.18 21 0.7 0.01 0.70 -0.05

ON 15 0.8 0.02 1.26 0.15 13 0.7 0.01 0.85 0.14

ANNUAL 16 0.5 0.01 1.05 0.05 14 0.5 0.01 0.65 0.06

All Nepal

Mean (˚C) Stdev
(˚C)

Trend
(˚C/yr) F-value Mann-Kendall

DJF 8 0.7 0.03 5.96 0.31

MAM 16 0.6 0.02 5.17 0.27

JJAS 21 0.4 0.02 5.52 0.39

ON 14 0.6 0.02 3.93 0.24

ANNUAL 15 0.4 0.02 7.42 0.36
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Table. A6.3. Seasonal and annual statistics based on regional and all-Nepal for precipitation series, 1971-2009

Eastern Tarai and Siwalik (ETS) Eastern Middle Mountain (EMM)

Mean 
(mm)

CV
(% of 
mean)

Trend
(% of 
mean/

yr)

F-value
Mann-
Kendall

Mean 
(mm)

CV
(% of 
mean)

Trend
(% of 
mean/

yr)

F-value
Mann-
Kendall

DJF 33 64 -0.03 0.00 -0.03 43 57 0.55 0.45 0.03

MAM 216 29 0.44 1.12 0.16 260 21 -0.01 0.00 0.06

JJAS 1452 17 -0.05 0.05 -0.01 1328 10 -0.08 0.24 -0.06

ON 100 64 -0.65 0.49 -0.09 89 54 -1.06 1.89 -0.14

ANNUAL 1803 16 0.01 0.00 0.02 1726 10 -0.09 0.35 -0.08

Central Tarai and Siwalik (CTS) Central Middle Mountain (CMM)

DJF 50 68 0.17 0.03 -0.03 72 53 -0.03 0.00 -0.03

MAM 186 35 0.42 0.67 0.10 303 21 0.12 0.16 0.05

JJAS 1589 14 0.08 0.18 -0.01 1822 10 -0.03 0.03 0.03

ON 84 66 -1.09 1.30 -0.10 91 58 -1.44 3.11 -0.15

ANNUAL 1909 14 0.10 0.24 -0.01 2278 9 -0.05 0.09 0.01

Western Tarai and Siwalik (WTS) Western Middle Mountain (WMM)

DJF 65 55 0.12 0.02 0.05 96 42 -0.15 0.06 0.00

MAM 112 50 0.76 1.12 0.23 165 38 0.15 0.07 0.04

JJAS 1366 16 -0.03 0.02 0.01 1257 13 0.00 0.00 0.00

ON 63 87 0.12 0.01 -0.03 63 101 -0.20 0.02 -0.11

ANNUAL 1606 15 0.05 0.05 0.02 1575 13 -0.01 0.00 -0.01

All Nepal

Mean (mm)
CV

(% of mean)
Trend

(% of mean/yr)
F-value Mann-Kendall

DJF 60 49 0.06 0.01 0.01

MAM 207 26 0.26 0.46 0.13

JJAS 1469 11 -0.02 0.01 0.02

ON 82 57 -0.79 0.91 -0.09

ANNUAL 1816 10 0.00 0.00 -0.01
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7

A
Projected precipitation change distributions 

in different seasons for 2030-2060 

Fig. A7.1. Comparison of pre-monsoon (MAM) mean precipitation between observed, future bias corrected 
and the change ( precipitation in mm - PRECIS ECHAM05- A1B Scenario )

 Pre-monsoon (MAM) Mean Precipitation (mm) : 1970-2000 : 
Observed 

Pre-monsoon (MAM) Mean Precipitation (mm) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Precipitation (mm) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A7.2. Comparison of monsoon (JJAS) mean precipitation between observed, future bias corrected 
and the change ( precipitation in mm - PRECIS ECHAM05- A1B Scenario )

 Monsoon (JJAS) Mean Precipitation (mm) : 1970-2000 : 
Observed 

Monsoon (JJAS) Mean Precipitation (mm) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Precipitation (mm) : 
2030-2060 : PRECIS ECHAM05- A1B



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 107

Fig. A7.3. Comparison of post-monsoon (ON) mean precipitation between observed, future bias corrected 
and the change ( precipitation in mm - PRECIS ECHAM05- A1B Scenario )

 Post-monsoon (ON) Mean Precipitation (mm) : 1970-2000 : 
Observed 

Post-monsoon (ON) Mean Precipitation (mm) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Precipitation (mm) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A7.4 Comparison of winter (DJF) mean precipitation between observed, future bias corrected 
and the change ( precipitation in mm - PRECIS ECHAM05- A1B Scenario )

 Winter (DJF) Mean Precipitation (mm) : 1970-2000 : 
Observed 

Winter (DJF) Mean Precipitation (mm) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Winter (DJF) Mean Precipitation (mm) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A7.5. Comparison of pre-monsoon (MAM) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - RegCM04 ECHAM05- A1B Scenario )

Pre-monsoon (MAM) Mean Precipitation (mm) : 1960-1990 : 
Observed 

 Pre-monsoon (MAM) Mean Precipitation (mm) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Precipitation (mm) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A7.6. Comparison of monsoon (JJAS) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - RegCM04 ECHAM05- A1B Scenario )

Monsoon (JJAS) Mean Precipitation (mm) : 1960-1990 : 
Observed 

 Monsoon (JJAS) Mean Precipitation (mm) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Precipitation (mm) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A7.7. Comparison of post-monsoon (ON) mean precipitation between observed, future bias corrected 
and the change ( precipitation in mm - RegCM04 ECHAM05- A1B Scenario )

Post-monsoon (ON) Mean Precipitation (mm) : 1960-1990 : 
Observed 

 Post-monsoon (ON) Mean Precipitation (mm) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Precipitation (mm) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A7.8. Comparison of winter (DJF) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - RegCM04 ECHAM05- A1B Scenario )

Winter (DJF) Mean Precipitation (mm) : 1960-1990 : 
Observed 

 Winter (DJF) Mean Precipitation (mm) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Winter (DJF) Mean Precipitation (mm) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A7.9. Comparison of pre-monsoon (MAM) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - WRF ECHAM05- A1B Scenario )

 Pre-monsoon (MAM) Mean Precipitation (mm) : 1970-2000 : 
Observed 

 Pre-monsoon (MAM) Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Precipitation (mm) : 
2030-2060 : WRF ECHAM05- A1B
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Fig. A7.10. Comparison of monsoon (JJAS) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - WRF ECHAM05- A1B Scenario )

 Monsoon (JJAS) Mean Precipitation (mm) : 1970-2000 : 
Observed 

 Monsoon (JJAS) Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Precipitation (mm) : 
2030-2060 : WRF ECHAM05- A1B
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Fig. A7.11. Comparison of post-monsoon (ON) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - WRF ECHAM05- A1B Scenario )

 Post-monsoon (ON) Mean Precipitation (mm) : 1970-2000 : 
Observed 

 Post-monsoon (ON) Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Precipitation (mm) : 
2030-2060 : WRF ECHAM05- A1B



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal116

Fig. A7.12. Comparison of winter (DJF) mean precipitation between observed, future bias corrected and the change 
( precipitation in mm - WRF ECHAM05- A1B Scenario )

 Winter (DJF) Mean Precipitation (mm) : 1970-2000 : 
Observed 

 Winter (DJF) Mean Precipitation (mm) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Winter (DJF) Mean Precipitation (mm) : 
2030-2060 : WRF ECHAM05- A1B
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8

A
Projected maximum temperature change distributions 

in different seasons for 2030-2060 

Fig. A8.1. Comparison of pre-monsoon (MAM) mean maximum temperature between observed, future bias corrected and the change
( mean maximum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 1970-2000: 
Observed 

Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 2030-2060: 
PRECIS ECHAM05- A1B

Change of Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A8.2. Comparison of Monsoon (JJAS) mean maximum temperature between observed, future bias corrected and the change
( mean maximum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Monsoon (JJAS) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

Monsoon (JJAS) Mean Maximum Temperature (0C) : 2030-2060: 
PRECIS ECHAM05- A1B

Change of Monsoon (JJAS) Mean Maximum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A8.3. Comparison of post-monsoon (ON)  mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - PRECIS ECHAM05- A1B Scenario )

 Post-monsoon (ON) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

 Post-monsoon (ON) Mean Maximum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Maximum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A8.4. Comparison of winter (DJF) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - PRECIS ECHAM05- A1B Scenario )

 Winter (DJF) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

 Winter (DJF) Mean Maximum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Change of  Winter (DJF) Mean Maximum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A8.5. Comparison of pre-monsoon (MAM) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 1960-1990 : 
Observed 

 Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A8.6. Comparison of monsoon (JJAS) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Monsoon (JJAS) Mean Maximum Temperature (0C) : 1960-1990 : 
Observed 

 Monsoon (JJAS) Mean Maximum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Maximum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A8.7. Comparison of post-monsoon (ON) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Post-monsoon (ON) Mean Maximum Temperature (0C) : 1960-1990 : 
Observed 

 Post-monsoon (ON) Mean Maximum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Maximum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A8.8. Comparison of winter (DJF) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Winter (DJF) Mean Maximum Temperature (0C) : 1960-1990 : 
Observed 

 Winter (DJF) Mean Maximum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Winter (DJF) Mean Maximum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A8.9. Comparison of pre-monsoon (MAM) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - WRF ECHAM05- A1B Scenario )

 Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

  Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of Pre-monsoon (MAM) Mean Maximum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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Fig. A8.10. Comparison of monsoon (JJAS) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - WRF ECHAM05- A1B Scenario )

 Monsoon (JJAS) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

  Monsoon (JJAS) Mean Maximum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of Monsoon (JJAS) Mean Maximum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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Fig. A8.11. Comparison of post-monsoon (ON) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - WRF ECHAM05- A1B Scenario )

 Post-monsoon (ON) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

  Post-monsoon (ON) Mean Maximum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of Post-monsoon (ON) Mean Maximum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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Fig. A8.12. Comparison of winter (DJF) mean maximum temperature between observed, future bias corrected and the change 
( mean maximum temperature in oC - WRF ECHAM05- A1B Scenario )

 Winter (DJF) Mean Maximum Temperature (0C) : 1970-2000 : 
Observed 

  Winter (DJF) Mean Maximum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of Winter (DJF) Mean Maximum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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9

A
Projected minimum temperature change distributions 

in different seasons for 2030-2060 

 Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

 Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Fig. A9.1. Comparison of pre-monsoon (MAM) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Change of  Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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 Monsoon (JJAS) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

 Monsoon (JJAS) Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Fig. A9.2. Comparison of monsoon (JJAS) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Change of  Monsoon (JJAS) Mean Minimum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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 Post-Monsoon (ON) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

 Post-Monsoon (ON) Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Fig. A9.3. Comparison of post-monsoon (ON) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Change of  Post-Monsoon (ON) Mean Minimum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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 Winter (DJF) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

 Winter (DJF) Mean Minimum Temperature (0C) : 2030-2060 : 
PRECIS ECHAM05- A1B

Fig. A9.4. Comparison of winter (DJF) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - PRECIS ECHAM05- A1B Scenario )

Change of  Winter (DJF) Mean Minimum Temperature (0C) : 
2030-2060 : PRECIS ECHAM05- A1B
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Fig. A9.5. Comparison of pre-monsoon (MAM) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 1960-1990 : 
Observed 

 Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A9.6. Comparison of monsoon (JJAS) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Monsoon (JJAS) Mean Minimum Temperature (0C) : 1960-1990 : 
Observed 

 Monsoon (JJAS) Mean Minimum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Minimum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A9.7. Comparison of post-monsoon (ON) mean minimum temperature between observed, future bias corrected 
and the change ( mean minimum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Post-monsoon (ON) Mean Minimum Temperature (0C) : 1960-1990 : 
Observed 

 Post-monsoon (ON) Mean Minimum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Minimum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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Fig. A9.8. Comparison of winter (DJF) mean minimum temperature between observed, future bias corrected and the change 
( mean minimum temperature in oC - RegCM4 ECHAM05- A1B Scenario )

Winter (DJF) Mean Minimum Temperature (0C) : 1960-1990 : 
Observed 

 Winter (DJF) Mean Minimum Temperature (0C) : 2030-2060 : 
RegCM4 ECHAM05- A1B

Change of  Winter (DJF) Mean Minimum Temperature (0C) : 
2030-2060 : RegCM4 ECHAM05- A1B
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 Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Fig. A9.9. Comparison of pre-monsoon (MAM) mean minimum temperature between observed, future bias corrected 
and the change ( mean minimum temperature in oC - WRF ECHAM05- A1B Scenario )

 Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Pre-monsoon (MAM) Mean Minimum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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 Monsoon (JJAS) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Fig. A9.10. Comparison of monsoon (JJAS) mean minimum temperature between observed, future bias corrected 
and the change ( mean minimum temperature in oC - WRF ECHAM05- A1B Scenario )

 Monsoon (JJAS) Mean Minimum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Monsoon (JJAS) Mean Minimum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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 Post-monsoon (ON) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Fig. A9.11. Comparison of post-monsoon (ON) mean minimum temperature between observed, future bias corrected 
and the change ( mean minimum temperature in oC - WRF ECHAM05- A1B Scenario )

 Post-monsoon (ON) Mean Minimum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Post-monsoon (ON) Mean Minimum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B
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 Winter (DJF) Mean Minimum Temperature (0C) : 1970-2000 : 
Observed 

Fig. A9.12. Comparison of winter (DJF) mean minimum temperature between observed, future bias corrected 
and the change ( mean minimum temperature in oC - WRF ECHAM05- A1B Scenario )

 Winter (DJF) Mean Minimum Temperature (0C) : 2030-2060 : 
WRF ECHAM05- A1B

Change of  Winter (DJF) Mean Minimum Temperature (0C) : 
2030-2060 : WRF ECHAM05- A1B



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 141

10
ASeasonal and annual statistics based on regional and all-Nepal of 

maximum and minimum temperatures and precipitation for 2030-2060

(for ECHAM05-A1B by 3 RCMs) 

Table. A10.1. Seasonal and annual statistics based on regional and all-Nepal for precipitation series, 2030-2060
(PRECIS: ECHAM05-A1B)

* Change of Mean: the difference between projected mean value and baseline mean value.

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

DJF 105.69 165.78 142.14 16.55 23.82 24.65 133.49 41.80 20.15 - 6.54

MAM 94.42 258.54 197.29 49.90 11.84 128.69 640.40 277.67 116.69 - 8.07

JJAS 801.19 1889.26 1452.22 251.37 78.15 868.17 2590.01 1571.59 367.97 118.72

ON 51.76 91.87 68.14 10.07 11.43 61.22 232.21 129.25 41.02 22.91

ANNUAL 1181.63 2360.46 1859.78 248.06 125.25 1243.84 3247.84 2020.31 481.31 127.03

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 31.92 156.74 86.76 22.24 6.04 30.25 163.25 73.36 25.21 3.77

MAM 63.14 245.01 150.28 34.74 8.40 33.13 613.36 236.03 130.38 4.81

JJAS 195.05 1781.78 990.83 379.27 23.19 134.27 3331.29 1601.22 740.20 117.00

ON 36.85 92.12 60.29 12.12 2.33 28.16 158.07 73.90 25.09 - 11.02

ANNUAL 326.96 2141.00 1288.16 395.08 39.96 230.48 4153.98 1984.51 881.17 114.56

Central Development Region (CDR) All Nepal

DJF 22.41 86.80 48.96 15.24 1.09 22.41 165.78 75.80 37.36 4.59

MAM 146.28 341.34 219.66 42.97 0.07 33.13 640.40 210.72 95.43 3.45

JJAS 945.39 3094.69 1678.08 381.47 145.11 134.27 3331.29 1410.12 537.71 89.71

ON 53.73 120.03 79.69 14.82 - 5.37 28.16 232.21 80.85 33.93 3.42

ANNUAL 1203.33 3616.53 2026.39 427.73 140.90 230.48 4153.98 1777.49 623.20 101.18

Fig. A10.1. Development Regions of Nepal (Source: http://en.wikipedia.org/wiki/)

Far West

Mid-West

Central

East

West
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Table. A10.2. Seasonal and annual statistics based on regional and all-Nepal for precipitation series, 2030-2060
(RegCM4: ECHAM05-A1B)

Table. A10.3. Seasonal and annual statistics based on regional and all-Nepal for precipitation series, 2030-2060
(WRF: ECHAM05-A1B)

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

DJF 59.37 118.22 99.77 13.38 -21.53 18.77 93.61 40.05 15.48 -12.12

MAM 135.81 419.85 278.06 60.09 75.55 123.91 1127.21 421.54 175.36 100.85

JJAS 542.23 2116.58 1355.64 442.73 234.66 788.87 2588.40 1461.93 404.04 -26.52

ON 42.55 80.98 62.88 7.80 -5.19 69.30 229.46 135.37 33.36 15.72

ANNUAL 914.05 2691.18 1796.35 488.97 283.50 1031.19 3669.56 2058.88 503.63 77.92

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 21.85 103.75 65.37 17.35 -11.12 22.09 136.85 63.00 24.03 -11.56

MAM 34.03 310.23 182.70 68.25 39.84 30.91 476.58 228.05 108.48 -15.51

JJAS 128.28 2306.48 948.19 562.92 111.23 122.30 4019.20 1415.50 861.26 69.63

ON 28.56 118.23 58.98 19.03 -3.92 27.76 223.16 93.88 38.95 1.18

ANNUAL 212.98 2728.41 1255.24 640.86 136.02 203.33 4786.27 1800.42 999.28 43.73

Central Development Region (CDR) All Nepal

DJF 22.05 83.15 38.97 12.94 -12.80 18.77 136.85 59.74 26.12 -13.10

MAM 127.16 424.30 254.02 57.94 21.68 30.91 1127.21 263.24 132.52 41.80

JJAS 816.91 3464.55 1619.63 549.75 59.42 122.30 4019.20 1319.02 644.26 83.55

ON 76.35 212.37 114.58 26.16 19.24 27.76 229.46 91.38 40.45 4.99

ANNUAL 1101.38 4097.50 2027.19 601.26 87.54 203.33 4786.27 1733.37 753.96 117.24

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

Min 
(mm)

Max
(mm)

Mean
(mm)

Stdev
(mm)

Change 
of Mean

(mm)

DJF 62.38 515.35 219.80 106.31 96.87 14.69 275.11 46.72 49.86 - 1.00

MAM 61.81 865.63 394.92 189.58 193.49 69.15 792.55 218.68 173.03 - 42.56

JJAS 1000.77 10158.61 2925.83 1836.58 1472.20 237.31 1591.61 727.02 267.36 - 663.38

ON 94.90 1750.80 387.34 343.16 320.83 12.21 149.25 50.91 25.14 - 49.54

ANNUAL 1477.79 12561.13 3927.90 2305.39 2083.38 439.89 2602.53 1043.33 447.01 - 756.48

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 40.92 801.92 224.12 146.71 132.81 31.66 532.86 129.10 92.33 58.63

MAM 50.31 1073.54 339.52 189.82 186.24 65.74 941.51 300.53 188.34 95.71

JJAS 224.24 6447.66 1346.60 977.35 385.00 91.89 1996.64 680.15 371.47 - 669.30

ON 35.15 1967.28 214.07 192.11 149.49 21.80 130.77 67.40 23.94 - 17.93

ANNUAL 765.30 9735.23 2124.31 1294.66 853.54 270.79 3187.34 1177.19 551.53 - 532.89

Central Development Region (CDR) All Nepal

DJF 16.51 228.90 50.31 39.62 - 3.34 14.69 801.92 138.36 127.59 62.31

MAM 88.77 532.23 227.34 99.45 - 6.07 50.31 1073.54 295.18 183.44 89.68

JJAS 277.92 1935.74 741.54 275.67 - 875.86 91.89 10158.61 1193.92 1149.12 - 114.92

ON 25.87 173.48 52.61 17.75 - 38.97 12.21 1967.28 146.79 200.89 65.94

ANNUAL 475.50 2476.47 1071.80 358.60 - 924.23 270.79 12561.13 1774.25 1495.06 103.01
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Table. A10.4. Seasonal and annual statistics based on regional and all-Nepal for maximum temperature series, 2030-2060
(PRECIS: ECHAM05-A1B)

Table. A10.5. Seasonal and annual statistics based on regional and all-Nepal for maximum temperature series, 2030-2060
(RegCM4: ECHAM05-A1B)

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF 17.72 25.17 22.24 1.74 2.62 8.69 30.61 21.64 6.00 5.09

MAM 32.17 39.86 36.46 1.76 6.74 23.62 38.53 30.80 4.16 7.19

JJAS 26.64 32.83 30.35 1.49 0.22 19.40 32.90 27.09 3.74 2.12

ON 17.61 26.82 23.96 2.00 -1.62 5.17 28.93 20.19 5.39 - 1.54

ANNUAL 25.49 31.28 28.78 1.42 2.14 17.35 32.38 25.51 4.39 3.52

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 12.83 25.64 19.58 3.70 2.54 11.56 26.57 20.48 4.55 2.93

MAM 25.47 43.99 34.18 4.05 8.39 22.80 39.18 32.18 4.22 6.35

JJAS 23.76 33.36 28.27 2.28 1.19 21.30 33.73 27.69 3.47 0.66

ON 12.95 27.40 20.87 3.36 -1.78 11.14 28.46 21.00 4.34 - 1.96

ANNUAL 19.96 32.01 26.34 2.90 2.83 18.62 32.07 25.90 3.95 2.21

Central Development Region (CDR) All Nepal

DJF 13.66 28.30 23.56 3.18 4.65 8.69 30.61 21.23 4.40 3.50

MAM 24.56 39.35 34.07 3.63 6.85 22.80 43.99 33.41 4.19 7.25

JJAS 21.34 33.52 29.16 3.13 1.35 19.40 33.73 28.36 3.11 1.16

ON 12.45 28.89 22.96 3.88 -1.32 5.17 28.93 21.55 4.19 - 1.67

ANNUAL 19.13 32.35 27.95 3.23 3.10 17.35 32.38 26.71 3.57 2.80

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF 16.45 23.99 20.31 1.63 1.93 9.39 25.89 17.32 3.89 1.72

MAM 23.86 34.51 29.34 2.39 1.29 16.29 32.77 23.70 3.98 1.19

JJAS 25.46 33.50 29.69 1.87 1.17 17.04 32.41 25.14 3.62 1.14

ON 21.47 29.73 25.73 1.88 1.70 12.91 30.68 22.05 4.27 1.42

ANNUAL 22.14 30.75 26.60 1.93 1.48 14.25 30.58 22.31 3.87 1.34

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 11.19 20.61 15.90 1.70 2.28 10.90 25.88 19.04 3.56 2.36

MAM 16.91 28.79 22.85 2.05 1.39 16.54 35.50 25.84 4.89 1.45

JJAS 21.23 33.36 27.29 1.28 1.37 20.24 34.33 27.19 3.61 1.25

ON 16.33 25.12 20.72 2.36 1.79 15.42 31.60 23.47 4.02 1.69

ANNUAL 16.91 29.07 22.99 1.90 1.61 16.40 32.05 24.19 3.95 1.65

Central Development Region (CDR) All Nepal

DJF 9.59 25.91 18.40 3.78 1.57 9.39 25.91 17.65 3.25 2.01

MAM 16.52 34.89 25.93 4.33 1.27 16.29 35.50 25.89 3.88 1.33

JJAS 17.51 34.09 26.71 3.73 1.16 17.04 34.33 25.68 2.73 1.24

ON 13.29 31.14 23.28 3.99 1.39 12.91 31.60 22.25 2.91 1.61

ANNUAL 14.58 31.59 23.87 3.93 1.33 14.25 32.05 23.15 2.73 1.50
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Table. A10.6. Seasonal and annual statistics based on regional and all-Nepal for maximum temperature series, 2030-2060
(WRF: ECHAM05-A1B)

Table. A10.7. Seasonal and annual statistics based on regional and all-Nepal for minimum temperature series, 2030-2060
(PRECIS: ECHAM05-A1B)

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF 23.05 35.44 27.84 2.46 8.31 8.62 32.19 19.55 5.74 3.24

MAM 32.51 45.69 38.09 2.19 8.63 11.74 38.45 25.83 6.56 2.19

JJAS 32.06 43.04 36.97 2.67 6.83 8.33 41.72 24.11 7.73 - 0.85

ON 28.06 54.12 38.32 5.36 12.81 4.46 38.72 22.83 7.45 1.28

ANNUAL 30.03 43.65 35.19 2.75 8.65 9.65 37.54 23.19 6.41 1.29

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 16.42 36.53 25.02 3.21 7.90 13.55 33.39 22.43 4.67 5.89

MAM 23.10 44.29 33.78 4.26 7.74 19.37 42.64 30.15 5.95 5.55

JJAS 26.65 44.08 34.17 2.75 6.84 23.25 48.08 33.19 5.38 7.06

ON 22.81 46.71 32.35 3.93 9.49 19.03 41.36 30.18 4.90 8.24

ANNUAL 23.06 39.90 31.48 3.13 7.77 19.49 40.88 29.24 5.08 6.59

Central Development Region (CDR) All Nepal

DJF 12.48 28.66 22.72 3.40 2.74 8.62 36.53 23.41 4.80 5.70

MAM 17.19 39.86 31.05 4.45 2.43 11.74 45.69 31.61 6.21 5.37

JJAS 13.55 43.81 31.67 5.05 2.61 8.33 48.08 31.97 6.46 4.63

ON 12.52 41.57 29.70 4.53 4.24 4.46 54.12 30.41 6.92 7.14

ANNUAL 16.55 37.44 28.95 4.05 2.87 9.65 43.65 29.48 5.74 5.50

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF 7.42 13.29 10.52 1.16 3.53 3.34 15.69 10.61 3.39 5.00

MAM 15.76 22.49 18.98 1.39 3.58 11.06 23.63 17.73 3.45 4.68

JJAS 21.87 28.65 25.10 1.82 4.21 17.44 30.48 23.11 3.47 5.09

ON 13.22 21.61 17.25 2.07 4.14 10.21 26.95 18.53 4.69 6.74

ANNUAL 15.57 21.96 18.62 1.53 3.87 11.81 24.44 17.88 3.58 5.24

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF - 0.64 12.79 7.13 3.21 4.07 0.83 13.18 8.63 3.60 3.35

MAM 6.55 22.26 15.62 3.61 4.39 7.67 22.32 16.28 4.05 3.37

JJAS 13.42 27.16 21.63 3.17 3.79 13.04 27.29 21.83 3.79 3.40

ON 4.61 20.83 13.25 4.16 4.19 5.38 21.97 15.93 4.88 4.54

ANNUAL 7.05 21.07 15.11 3.40 4.07 7.61 21.25 16.16 3.94 3.57

Central Development Region (CDR) All Nepal

DJF 3.31 15.66 10.40 2.80 4.94 -0.64 15.69 9.14 3.40 4.19

MAM 10.72 23.74 18.33 3.32 4.66 6.55 23.74 17.09 3.63 4.18

JJAS 18.62 30.98 24.89 2.70 5.24 13.04 30.98 23.00 3.45 4.28

ON 11.41 26.63 18.96 3.33 6.54 4.61 26.95 16.37 4.66 5.17

ANNUAL 11.66 24.57 18.64 2.88 5.24 7.05 24.57 16.95 3.59 4.38
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Table. A10.8. Seasonal and annual statistics based on regional and all-Nepal for minimum temperature series, 2030-2060
(RegCM4: ECHAM05-A1B)

Table. A10.9. Seasonal and annual statistics based on regional and all-Nepal for minimum temperature series, 2030-2060
(WRF: ECHAM05-A1B)

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF - 0.23 13.56 8.15 3.37 2.28 - 5.30 18.86 7.33 4.93 2.02

MAM 8.83 24.09 17.65 3.80 3.71 6.87 23.68 16.47 4.06 3.89

JJAS 15.07 23.55 19.64 2.03 0.28 10.20 25.28 17.85 3.66 0.59

ON 4.39 13.42 9.71 2.49 - 1.88 1.52 14.15 8.50 3.37 - 2.69

ANNUAL 7.91 19.40 14.61 2.86 1.28 4.15 19.59 13.32 3.66 1.23

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF - 7.67 13.59 2.96 3.29 1.32 - 9.74 16.34 6.45 5.47 2.20

MAM 2.17 23.18 12.67 3.85 2.96 0.19 24.97 15.19 6.04 3.53

JJAS 9.15 27.42 18.28 3.41 0.29 8.03 25.51 17.50 4.59 0.30

ON - 2.28 15.54 9.13 2.64 -1.39 - 4.14 14.75 8.03 4.39 - 2.19

ANNUAL 3.40 22.08 12.74 3.97 0.99 1.88 20.34 12.58 4.93 1.17

Central Development Region (CDR) All Nepal

DJF - 4.65 12.16 5.24 4.12 1.34 - 9.74 18.86 4.56 4.56 1.76

MAM 6.82 22.53 14.45 4.21 2.70 0.19 24.97 12.58 4.08 3.30

JJAS 10.60 25.23 18.08 3.57 0.59 8.03 25.51 16.77 3.75 0.40

ON 2.19 13.99 8.60 2.84 -1.92 -4.14 15.54 5.70 3.27 -1.96

ANNUAL 4.63 19.39 12.38 3.67 0.89 1.88 22.08 11.98 3.61 1.09

Far-Western Development Region (FWDR) Eastern Development Region (EDR)

Min 
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)

Min
(˚C)

Max
(˚C)

Mean
(˚C)

Stdev
(˚C)

Change 
of Mean

(˚C)
DJF 8.53 28.96 11.24 2.38 4.54 3.86 19.43 12.84 3.82 8.40

MAM 19.75 40.53 23.57 2.51 8.52 9.86 34.85 21.35 5.36 9.11

JJAS 23.53 41.18 31.76 4.06 11.13 3.98 35.28 19.10 6.45 1.30

ON 15.33 31.64 19.47 1.98 6.68 1.64 24.16 13.84 5.42 2.76

ANNUAL 18.11 36.37 22.53 2.03 8.09 8.22 26.99 17.22 4.65 5.27

Mid-Western Development Region (MWDR) Western Development Region (WDR)

DJF 2.98 21.52 11.52 3.35 8.47 3.47 19.29 10.98 2.85 6.74

MAM 9.74 35.64 22.20 4.67 10.87 9.37 28.53 18.72 4.17 6.93

JJAS 18.06 42.98 28.30 4.28 10.29 14.11 36.70 24.12 4.44 6.63

ON 8.23 28.57 17.79 3.02 8.67 6.92 28.85 16.98 4.30 6.71

ANNUAL 11.16 29.70 20.83 3.43 9.71 9.83 26.11 18.30 3.67 6.75

Central Development Region (CDR) All Nepal

DJF 5.42 19.60 11.97 2.49 5.46 2.98 28.96 11.71 3.15 7.02

MAM 12.99 32.39 20.54 3.42 5.73 9.37 40.53 21.22 4.54 8.47

JJAS 7.47 31.27 23.43 4.71 2.75 3.98 42.98 25.27 6.31 6.55

ON 5.14 27.65 17.00 3.77 3.53 1.64 31.64 16.95 4.24 5.93

ANNUAL 11.88 25.86 18.77 3.05 4.30 8.22 36.37 19.48 3.95 7.05
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A
Technical presentation on Nepal Climate Data Portal for DHM IT staff
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A
Nepal Climate Data Portal- User Manual

Nepal Climate Data Portal

User Manual (v0.6) 

Asian Disaster Preparedness Center     979/66-70, 24th Floor SM Tower,   Phaholyothin Road, Samsen Nai, Phayathai, Bangkok 10400    
T +66 2298 0681-92   F +66 2298 0012    http://www.adpc.net

Department of Hydrology and Meteorology, Ministry of Environment (Government of Nepal), 406, Babar Mahal, Kathmandu, Nepal   
T +977-1-4255920   F +977-1-4254890    http://dhm.gov.np 
 
Asian Development Bank      http://adb.org

AidIQ    http://aidiq.com
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Disclaimer 

The Nepal Climate Data Portal is a software product designed to meet various requirements of various types of 
users. As such it may change in the future, and this manual cannot guarantee that it will adequately describe 
future versions. Also, screenshots in this manual may show user interface layouts and data set names that differ 
slightly to the live version. 
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 Preface 

Sharing of climate information has a huge impact on awareness raising, especially on climate change and allied issues. This is identified 
as one of the most important elements under the United Nations Framework Convention on Climate Change (UNFCCC) and its 
subsequent Kyoto Protocol to combat unprecedented climate change. In addition, access to a meteorological/climatological database via 
a web portal is useful for sector specific policymakers, planners, stakeholders and end users in agriculture & food security, water 
resources, biodiversity, health, etc. and for the general public to plan their routing activities as well as conducting sector specific impacts 
and vulnerability assessments for climate change.  Therefore, on a technical level, there is a close alignment between the requirements of 
the Nepal Climate Data Portal for Historical Climate Data (station and gridded) and Projected Climate Data. This will provide users with an 
integrated platform to access climate data and the ability to compare Historic and Project Data. The Nepal Climate Data Portal is designed 
to facilitate the analysis of climate/meteorological, geographical and projection data using a publicly accessible web-based interface. The 
intended audience is climate research scientists, meteorologists, hydrologists and anyone who needs to understand past and future 
(projected) weather and climate patterns. It also serves to allow the purchase of data that has been collected by the DHM in Nepal. 

The Nepal Climate Data Portal is developed on Sahana Eden Humanitarian Open Source Software. Python 2.6, R, R multicore library, 
RPostgreSQL, rpy2, PIL, xvfb, PyQT4, QTWebKit were also used to design the portal. The Nepal Climate Data Portal allows users to view 
the climate data on an interactive map and generate different information products including exporting the raw data. 

The Nepal Climate Data portal can be access through http://dhm.gov.np/dpc (alternatively, it can also be reached by clicking on an image 
called “Climate Data Portal” on the home page of http://dhm.gov.np). The portal is designed to be a rather sophisticated calculator with its 
own database. Its calculation results are maps, time-series charts, or downloadable data. Like a spreadsheet (which is another 
sophisticated calculator), it uses a simple language to represent arithmetic and statistical operations. 

1.  Potential usage of climate data portal for impact and vulnerability assessment for 
sectoral evaluation 

Climate change Impact assessment is a branch of science which refers to research and understanding the affects due to change in the 
climate on individual sectors like water, agriculture, energy demand, resources, technological infrastructure etc. The impacts that are 
obtained can be quantitative or qualitative dependent on the tools used to arrive and the processes and linked complexities that are added 
to obtain these impacts. Note that the impacts obtained are based on our prior understanding of climate variability from observations and 
its linkages to different sectors, however in case of climate change it can introduce new climate change situations which are not presented 
or risk not included in our experiments. However, the present understanding of impacts is the best approach one has to reduce the 
uncertainties to a minimal extent as possible as this would provide information, which might be crucial or is in the similar pathway as the 
climate change would lead us to. Thus, the understanding of varied nature of impacts due to climate change on the individual sectors is 
essential.  

In order to perform an impact assessment of any sector, the important points to be taken into consideration are; 

• Defining the problem: in this we need to define what are the impacts we are interested (for example: is it water sector, if 

so are we looking at basin level or sub level). 

• Overall goals of this assessment: If we do this assessment on water basin, what is the final outcome we arrive at, and 

how is it dependent on different other sectors. For example: direct and indirects effects of water from a river basin on 

livelihoods, hydropower generated, access to water, surface and ground water linkages etc., 

• Temporal and spatial extent:  To carry forward the impact study what is the time period and spatial extent of the study 

we are interested in, is it baseline and future (near-future or far future). Need to define the domain and period of interest 

for the study.  

• Interlinkages with different sectors: Are we going to include different sectors and their impacts on this sector, what is 

the depth of the assessment we are going to carry forward in this experiment. 

• Tools used: Are we looking for a quantitative assessment based on a simple model and a fully dynamical model (in case 

of water). What are the best tools available? How do we validate this model over our region of interest? Do we have 

enough observations to validate? What are the steps taken to complete this study. 
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• Links of this assessment to Adaptation: How can we link the results obtained from the project above to an adaptation 

assessment. What are the demographic, technological, etc information we have over the region to carry forward this 

assessment exercise.  

The data portal provided by this study provides information on observations different models with similar boundary conditions with and 

without bias corrections to understand the impact of climate change on a particular sector given both conditions and what could be the 

possible impact. 

 

2. Models Used 

2.1 PRECIS model: 

PRECIS model stands for Providing REgional Climate for Impact Studies (PRECIS) is one of the best dynamical downscaling tools 

developed at Met Office and Hadley Center. It is based on atmospheric component of the HadCM3 Global Climate Model (Gordon et al 

2000, Jones et al 2004). The numerical RCM is a hydrostatic version of full primitive equations and uses a regular latitude-longitude grid in 

the horizontal and a hybrid vertical coordinate. It has 19 vertical levels and the numerical staggering used in the present version is 

Arakawa B-grid. More details of the model physics and numeric are given in Jones et al 2004.  

2.2 RegCM4 model: 

Regional Climate Model Version 4 (RegCM4) is the updated version of RegCM3, which is a regional climate model.  RegCM4 is a 

hydrostatic model with sigma vertical coordinate system and the numerical equations are resolved in Arakawa B-grid. More details about 

the model physics and numeric can be found at Giorgi et al 2012.  

2.3 WRF model 

WRF stands for Weather Research and Forecasting, in this current project we have used the WRF 3.2 version. WRF model is developed 

at National Center for Atmospheric Research, USA. WRF reflects flexible, state-of-the-art portable code that is efficient in computing 

environments ranging from massively-parallel supercomputers to laptops. Its modular, single-source code can be configured for both 

research and operational applications. Its spectrum of physics and dynamics options reflects the experience and input of the broad 
scientific community. WRF is a free source code available to download and is available in two options Advanced Research WRF (ARW) 

and Non-hydrostatic Mesoscale Model (NMM). The ARW model is used for research and development purposes both at weather and 

climate scales. The ARW core consists of fully compressible, Euler non-hydrostatic with a run-time hydrostatic option available. The 

vertical coordinate is terrain following and horizontal grid scattering is based on Arakawa C-grid. More details about this model is available 

at (http://www.mmm.ucar.edu/wrf/users/docs/arw_v3.pdf) . 

 

3.  Information on Emission Scenarios: 

In order to understand how anthropogenic emissions might change in future, in 1992 the IPCC committee has developed SRES  scenarios 

– which stands for “Special Report on Emission Scenarios”. These emission scenarios are plausible representations of future emissions of 

substances that are radiatively active (i.e., GHGs, SO2, Sulphate aerosols etc.) both direct and indirectly impact the radiation. These 

scenarios were developed based on a coherent and internally consistent set of assumptions about driving forces (such as demographic, 

socio-economic, technological changes etc.). The scenarios set comprises of four families: A1, A2, B1 and B2. The A1 story line describes 

a future world of very rapid economic growth, global population that peaks in mid-century and declines thereafter, and the rapid 

introduction of new and more efficient technologies. Major underlying themes are convergence among regions, capacity building and 

increased cultural and social interactions, with a substantial reduction in regional differences in per capita income. The A1 scenario family 

develops into three groups that describe alternative directions of technological change in the energy system. The three A1 groups are 

distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources (A1T), or a balance across all sources 

(A1B) (where balanced is defined as not relying too heavily on one particular energy source, on the assumption that similar improvement 

rates apply to all energy supply and end-use technologies). In the present project, we have considered A1B scenario which is also termed 

as Moderate scenario and is used for understand the climate change impacts in a reasonable manner. It is also considered that due to 
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increasing understanding of climate change impacts the plausible scenarios lie between A1B and A2, thus an additional A2 scenario is 

considered with RegCM4 model for further understanding.  

 

4.  RCM runs and LBC Information 

As described in the technical report Chapter 6. The models used in this study are PRECIS, RegCM4 and WRF. The lateral boundary 

conditions used for all the models are ECAM5 – A1B (to be consistent) and ECHAM4 –A2 with RegCM4.  The Table below shows the 

description of simulations performed and available in the data portal, 

 

Table1: Specifications of meso-scale models available in Nepal Climate Data Portal 

 

5.  Performance of RCMs in Nepal Region: Points to Users 

The model performance over Nepal region for rainfall, maximum and minimum temperature shows that PRECIS- ECHAM5 and HadCM3 

is able to provide reasonable mean and variance values after bias correction when compared to RegCM4 and WRF. However, with bias 

correction the results improve in all models. Table 2, Table 3, Table 4 show the performance improvements in models after bias correction 

for rainfall (Table 2), maximum temperature (Table 3) and minimum temperature (Table 4).  
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Table 2: Rainfall averaged over Nepal Region from Observations and Models. 

 

 

Table 3: Maximum temperature averaged over Nepal region from observations and Models. 

 

Table 4: Minimum temperature averaged over Nepal region from observations and Models. 

 

  Obs RCM-

HadCM3 

RCM-

HadCM3 

RCM-

ECHAM5 

RCM-

ECHAM5 

RCM-

RegCM 

RCM-

RegCM 

RCM-

WRF 

RCM-

WRF 

    Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw 

data 

Bias 

corrected 

Mean 138.11 111.77 138.94 128.78 138.97 2.7 139.81 79.27 139.66 

STD 151.72 101.85 151.81 109.72 152.77 1.55 153.19 71.94 151.34 

Corrcoef   0.88 0.926 0.86 0.9155 0.63 0.9265 0.67 0.9189 

Max-

rain 

571.58 354.73 578.67 406.26 651.16 6.99 649.06 323.66 574.85 

Min-rain 0.49 0.85 2.89 4 3.24 0.1 3.04 1.01 4.03 

 

 

 Obs RCM-

Hadcm3 

RCM-

Hadcm3 

RCM-

ECHAM5 

RCM-

ECHAM5 

RCM-

RegCM 

RCM-

RegCM 

RCM-

WRF 

RCM-

WRF 

  Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw data Bias 

corrected 

Mean 24.5 15.92 24.41 17.2 24.39 22.2 24.31 16.04 24.24 

Std 4.15 6.48 4.26 6.1 4.28 6.57 4.33 6.74 4.32 

Corrcoeff  0.91 0.9 0.91 0.91 0.9 0.88 0.72 0.91 

Max of 

tmax 

31.44 28.18 31.79 29.12 32.78 33.65 32.08 26.23 32.61 

Min of 

tmax 

15.24 2.09 13.02 4.78 14.68 8.01 13.39 3.78 13.42 

 

 

 Obs RCM-

Hadcm3 

RCM-

Hadcm3 

RCM-

ECHAM5 

RCM-

ECHAM5 

RCM-

RegCM 

RCM-

RegCM 

RCM-

WRF 

RCM-

WRF 

  Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw data Bias 

corrected 

Raw data Bias 

corrected 

Mean 12.98 6.61 12.75 5.12 12.73 9.31 12.91 2.72 12.65 

Std 5.79 4.55 5.91 7.5 5.93 6.39 5.86 6.94 5.98 

Corrcoeff  0.87 0.95 0.97 0.95 0.97 0.95 0.83 0.96 

Max of tmin 21.13 14.22 22.35 15.95 22.17 18.54 22.19 13.66 22.25 

Min of tmin 2.15 -3.77 -0.37 -7.662 2.12 -1.87 1.34 -8.69 0.89 
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The above tables show that the performance of RCMs on mean, variance, maximum values and minimum values are much reasonable 

after the application of bias correction methods to individual models. Thus, it shows that all the models presented in the website could be 

used, however for detailed assessment individual models could be selected for reasonable, extreme high risk and low risk scenarios. In 

this case, to perform such an assessment for reasonable climate change impact assessment the PRECIS model inputs from ECHAM5 

and HadCM3 conditions could be considered. In order to understand the high risk or low risk scenarios, the WRF model and RegCM4 

model could be considered for baseline and future scenarios.  

 

Note to Users: Guidelines to use model and observational data from the portal  

• It is important to consider similar time periods for comparisons between observations and models. For ex: We want to 

compare the baseline results of PRECIS- ECHAM5 with observations we need to consider 25km PRECIS-ECHAM5 with 

or without bias correction with observations of the same variable at 25km resolution for 1971-2000. This would provide 

consistency in the results.  

• The model future can be compared only with model baseline and similar model. Note that PRECIS-ECHAM5 future can 

only be compared with PRECIS-ECHAM5 baseline since the climate change signal can be understood better and is 

reasonable only if you do so. We cannot compare PRECIS-ECHAM5 future with PRECIS-HadCM3 Baseline, this is 

scientifically not correct since we are comparing two different LBCs which might provide erroneous results.  

• In area averaging values, when we compare models with observations, the users should always use the similar areas for 

all the inputs i.e., observations, model baselines and future. We can use the area mask function in the website efficiently 

to perform this study.  

• It is a good exercise to check for consistency of your results by doing the exercise in a similar way twice from the dataset 

and also to check with the IPCC results from the AR4 report. If there are any differences then the assessment needs to 

be rechecked for its credibility. 
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Overview 

Purpose / intent 

The Nepal Climate Data Portal is designed to facilitate the analysis of climate/meteorological, geographical and projection data using a 

publicly accessible web-based interface. Its intended audience are climate research scientists, meteorologists, hydrologists and anyone 

who needs to understand past and future (projected) weather patterns.  

It also serves to allow the purchase of data that has been collected by the Department of Hydrology and Meteorology in Nepal. 

A useful way to see the Nepal Climate Data Portal 

To avoid confusion, it is useful to see the portal as essentially a somewhat sophisticated calculator with its own database. Its calculation 

results are maps, time-series charts, or downloadable data. Like a spreadsheet (which is another sophisticated calculator), it uses a 

simple language to represent arithmetic and statistical operations. 

The point of this is, just like any calculator, it is dumb in the sense that it basically just applies the instructions it is given to the data it has 

been given. It isn’t smart, i.e. ultimately it cannot recognise bad data or instructions although it does have some mechanisms to cope with 

bad data and it can also use some meta-data (data about data) to help users validate results.  

For example, the portal can’t and doesn’t try to detect incorrect outliers, but the map overlay colours will visually and obviously show those 

outliers, and the user can edit the colour scale to exclude those outliers and see a useful map.  

As another example, the system doesn’t know what the values mean, but does know about units, so it can dimensionally analyse 
expressions and then show the output units. The portal will complain when units are incorrectly mixed in an expression. 
 
 

Features 
 

 Easy selection and display of: 

 Observed Station Data. 

 Observed Gridded Data. 

 Projected Data. 

• Easy comparison of data 

• Ability to aggregate data 

• Flexible data queries, which allows more sophisticated data analysis by giving the user the ability to enter expressions. 

• Dimensional and delta analysis of expressions to aid data validation 

• Generation of time-series charts, with regression lines, and ability to combine and resize charts. 

• Filtering map by places / values. 

• Ability to show observation stations as a separate layer. 

• Popup boxes to show values. 

• Filtering of places shown on the map with shape files. 

• Printable images of the map overlay 

• Download of data. 

• Data purchase facility 

• Management of data purchases. 
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Definitions 

For clarity, certain terms are used with precise meanings in the rest of this document. 

Name Definition 

Data Sets of numeric values of a given variable, specifically: 
• at a particular place,  
• over a particular time range.  
Internally these are stored as positive numbers wherever possible. This is important  
These sets of data have associated units (e.g. mm for rainfall). These sets of data are stored in a 
database used by the Nepal Climate Data Portal. 

Place 
 

A geographical position at a fixed latitude and longitude.  
Places may or may not be observation stations.  
Places may or may not have other attributes including: elevation, name, station ID, and a list of regions 
the place is inside. These attributes may be used in filtering. 

Observation Station A real weather observation station. These usually have names and elevation information. 

 

 
Browser Compatibility 
 

The Nepal Climate Data Portal has been tested on the following browsers: 

 Firefox 14+ 

 Safari 5.1+ 

 Chrome 18+ 

 Internet Explorer 8+ (basic support) 

 Safari on iOS v5.1 
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Tour of the User Interface 

 

Map view components 

Component Purpose  Description / notes 

Map overlay Shows values above the base map layer. Values from the query are shown as coloured squares. 

Legend / Query 
box 

Controls the data being shown in the map overlay.  

Filter box Place/value based filtering of the map overlay Can filter based on any attribute, e.g. elevation > 1000 

Colour Key Control the colours shown in the map overlay. This is set to sensible values from the query data. It is also 
editable, and lockable. 

Side panel components 

Component Purpose  Description / notes 

Layers Toggle visible map layers  

Select Data: (A) Easily generates a query to display data.  

Compare with data (B) Easily generates a query to compare data. Used together with Select Data: (A) 

Buy data button Allow the user to purchase data.  

Show chart for selected 
places. 

Show a time-series chart for selected  Places on the map overlay need to be selected to enable 
this button. 

Download printable map 
image  

Downloads a generated (server-side) PNG image of 
the map. 

Side panel and unnecessary map widgets will not appear 
on the image. 

 

Color Key Filter Box 

Legend/Query Box 

Map Overlay 

 Side Panel 
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Climate Data 
 

Types of data available 

Three main types of data are available. It is important to understand the distinctions between and the limitations of these types in order to 

interpret the data from the system properly.  

Type name Explanation Details and Limitations 

Observed Data that has been collected at various 

observation stations in Nepal. 

It has not been interpolated or generated. 

Some areas of Nepal have better station coverage than others. 

Some stations have been collecting data for a longer period of time. 

Some types of data may not be available at certain points in time. E.g. some 

stations have not been collecting rainfall data for as long as they have been 

collecting temperature data. 

Some data may be incorrect due to misreported data or temporary faults in 

equipment. 

Coloured square size remains constant while zooming in or out. 

Observed 

Gridded 

Data that has been interpolated from the 

observed data into a grid of points on the 

map. 

A grid is an arbitrary collection of places on 

the map. I.e. the system is flexible in 

whatever grid pattern is used.  

Grid sizes may be different. This is important to understand when comparing 

data. Data are compared by place.  

Interpolated data will have greater uncertainty the further it lies (geographically 

and temporally) from observed data. 

The places on the grid do not represent Observation Stations.  

Projected Projected Data has been produced using a 

variety of different climate models and 

emissions scenarios. This is also given on 

a grid. 

The mechanism of producing the projected data is too technical to describe in 

this user guide. Please refer to the technical guide that is available in the 

climate data portal itself for understanding the same mechanism. 

Some projections may have long gaps in the data. For example, the earlier data 

(e.g. 1970 - 2009) can be used to compare the model against real 

observed/gridded data. The later data (e.g. 2030 -2060) can be used to make 

predictions. 

 

Names and naming conventions 

 
Data will always have a name. Names will always start with one of “Observed”, “Gridded” or “Projected”. When referring to Data in a 
query, the name must always be given in double quotes. This allows for flexible and therefore clear naming. 
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Basic usage 

How to display observed data on the map 

1. Select Data 

 On the Select data panel you can select the type of climate data you want to view. You can choose what type of data you want to 

view, how you want that data to be aggregated on the map and charts and the time range you wish to view the data over. 

2. Click “Show on Map” 

 The climate data which you have selected will be overlaid on the map. 

 The map overlay will show climate data which has been aggregated over time according to the Aggregation option you have 

selected on the Select data panel. 

  

How to download a printable map image 

Click “Download printable image” to download an image of this map to use in reports and presentations. The image is generated on the 

server, so please be patient as it may take some time to generate depending on the server load.  

This image will be in the PNG image format to preserve colours correctly, may be of a different size, and will not display the various map 

controls. Some other things may not look exactly the same as what you see in the browser, e.g. fonts may differ, depending on the server 

configuration. 

 

How to generate a chart from the map overlay 

1. Select places on the map overlay 

 You can click on a single grid on the map or select a range of points by clicking and dragging the mouse or holding the SHIFT 

key while you click multiple grids. 

2. Click “Show chart for selected places” 

 A chart window will pop up showing a chart for those places. The chart will show climate data which has been aggregated from 

each of the selected grids according to the Aggregation option you have selected on the Select data panel. 

 Click “Download” on the chart popup window to download the chart image. 

 You can resize the Chart popup window to show more detail  

 You can add more lines to the chart by simply selecting different data. 

 To clear the chart and start a new one, simply close the chart popup window. 
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How to filter the map overlay 

There are two ways to filter the map overlay.  

Colour Key 

The Colour Key will filter out any places whose value on the map overlay lies outside the range in the Colour Key. However, more 

powerful filtering is possible with the Filter Box. 

The traditional temperature colour gradient is blue (cold) to red (hot). The colour gradient is adjustable:- 

First, hover over the colour key to show the gradient list. 

1: Select gradient.  

2: Reverse gradient 

if necessary. 

 

 

 

 

Filter Box 

The Filter Box accepts simple mathematical and logical expressions. You can refer to any attribute of a place, and the value. The list of 

attributes depends on what data has been loaded into the system. To see the list of attribute, hover over a place on the map overlay. All 

the attributes listed in the popup are available in the expression. For example: latitude / longitude elevation and name. 

The filter expression will be give a boolean (true/false) value. The expression will be evaluated on each place. If the expression evaluates 

to true, the place will be shown, otherwise it will not be shown. 

Examples 

 Selecting a region by name: 

 name = “DARCHULA” 

 Using the boolean operators “and” and “or”. 

 elevation > 1000 and value < 10 

 Once a region shape file has been loaded, you can also use the special function “within”. 

 within(“FWDR”) 

 or one can use “Region Filter” drop down box in the side panel to do region filtering easily. 

If no filter has been specified, the Filter Box will show “unfiltered” and all places will be shown. 
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Special filter functions 

Filtering can also use some special filter functions that are described in the table below. These filter functions allow filtering by location. 

Special filter function Effect 

within(“Area name“) Only shows places within the named area. Multiple area names may 
be specified, separated by commas. 

within_Nepal() Only shows places within Nepal. 

 

 

Filter the map to only show EDR using the Region filter (in the side panel): 
 

                                                                               The filter box and map are updated 
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Simple data comparisons 

Performing a simple comparison 

The Nepal Climate Data Portal allows different climate data to be compared for analysis. These could be the same type of climate data 

compared over different time periods or different types of climate data. 

Example 

 A meteorologist needs to know how much the maximum yearly temperature will increase between the years 2030 and 2060 to 

determine the risk of increased flood hazards due to glacial melting. 

The Compare with... (subtract from) panel allows the differences between data to be displayed as a map overlay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using the “Compare with Data” sub-panel to compare two data sets 

Select the two data sets as you would for “Select data”. Click “Compare on map (B-A)”. A query is generated subtracting the top selection 
from the bottom. 

Note: Charts can also be used to visually compare different types of climate data and climate data from different places. This is done by 
keeping the plot window open, selecting different climate data and clicking Show chart for selected places. This data will be added to the 
existing chart. Using the check boxes, the user can combine multiple charts in order to compare different climate data. This is useful for 
analysis. 
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Annual aggregation 

Explanation 

The checkbox “Annual aggregation” allows the user to aggregate monthly values into a single yearly value for each year of the selected 

time range. 

This actually makes no difference to the map overlay, but does make notable differences to the time-series charts, i.e. it aggregates 

monthly values into a single yearly value: 

Note: When choosing rainfall parameter, user can select “Mean (Annual)” statistic to see the annual values on the map overlay instantly.  

What difference does the Annual aggregation checkbox make? 

Annual aggregation 

checkbox 

Difference to the map overlay Difference to charts 

Checked No difference - because values displayed on 

the map overlay must all be aggregated into 

a single value (single coloured square per 

place) anyway. 

Charts lines will have one value per year, shown as circles joined 

by lines. 

Unchecked Monthly time series will be shown as just lines without circle 

markers. 

Over many years this is often a waveform with a period of one 

year. 

 

Month selection 

Below the “Annual aggregation” checkbox are 13 labelled checkboxes “D J F M A M J J A S O N D”. These allow the user to select which 

months to aggregate. For example, the user may only be interested in yearly values for the summer months only. Thus they might select 

only J J A (June, July and August). 
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The “Previous December” checkbox 

By default, the checkboxes starting from the first J (January) until the last D (December) are specified. This selects every month in the 

year.  

However, there is another typical use case wherein a user may wish to look at seasonal changes. Typically, the only difference this makes 

is the special treatment of the December of the previous year. I.e. when we talk about “Winter 2011” we actually mean December 2010, 

January 2011 and February 2011. The first D checkbox is allowed to make this possible. 

Within the system, to distinguish this concept from the normal concept of December, it is identified with a special name: 

“PreviousDecember”. This name can be used in expressions within the Months() filter. PrevDec is a shorter alias of this name. 

When the first D checkbox is checked, then PreviousDecember is specified in the month filtering and two things happen: 

 The December of the previous year is counted as part of that year. 

 If the date range is specified in terms of years (no months*), then each year starts in December and ends in November. i.e. if the 

year range is From(2000) To(2011), then the actual dates will be from December 1999 to November 2011. 

*Note that when months are specified in the date range (e.g. March 2000 to October 2011), together with PreviousDecember, behaviour is 

currently undefined. 

What difference does checking the months make? 

Months selection example Outcome 

 

(Default) 

Every month in the year will be aggregated into a single value. 

E.g. 2011 will use values from Jan 2011 to Dec 2011 

(PreviousDecember specified) 

Only values from the winter months will be aggregated together into a single value.  

E.g. if the date range is 2000 to 2010, the value for 2000 = Dec 1999 + Jan 2000 + Feb 2000. 

The data for December 2010 will be ignored as it now falls outside of the range. 

 

The data will differ from the D J F case. Values for January, February and December in the 

same calendar year will be aggregated together. 

(PreviousDecember and December) 

Not allowed - system will complain that it doesn’t make sense to aggregate annually using 

both December and the PreviousDecember. The user interface will not allow both D’s to be 
checked at the same time. 
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Flexible data queries 

Overview 

Internally, the Nepal Climate Data Portal uses a simple, specialised query language which is used to query the database. This language 

can be used directly to formulate more complex queries than a simple user interface could easily allow. This feature can be used for more 

advanced statistical analysis such as computing Coefficient of Variation to show the dispersion of the climate data and interpret its 

reliability. 

These query expressions are simple mathematical expressions, similar to those you might write in a spreadsheet. Only queries can be 

written. The language is deliberately too simple to allow the writing of general programs (this is important for security, as the queries run 

on the server).  

Internally, the output of these expressions is a mapping of keys to values. When generating a map overlay, the keys will be places on the 

map. When generating a chart, the keys will be time periods. Whether the keys are places or times is implicit and depends on the context 

of usage but not on the expression itself. Thus, you do not need to modify their query expression to generate a graph or a map overlay. 

 

Queries are shown in the Legend / Query Box 

You may have already noticed examples of the data query syntax in the preceding chapters. The box at the bottom of the map shows the 

expression being evaluated, whilst also serving as a map legend. This is set to an initial expression when the browser first loads the page. 

It will also be updated every time you use the graphical user interface in the side panel to change the data being displayed. Thus you can 

use this feature to quickly see examples of the syntax. 

 

 

The Legend / Query box. This is an editable box located at the bottom of the map viewer. 

Let’s break down this example into parts: 

Maximum( "Observed Temp Max", From(1950),  To(2100) ) 

Statistic name. I.e. 
“Return the 
maximum value for 
each key” 

Data set name. This is always in double 
quotes, and always starts with 
“Observed”, “Projected” or “Gridded”. 

Start date, inclusive. 
I.e. use values from 1st 
Jan, 1950 

End date, inclusive. 
I.e. use values until 
31st Dec, 2011 

Remember to 
match closing 
braces. 
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Editing query expressions 
To edit query expressions, simply click with the mouse inside the query box. A flashing cursor should appear. You can now edit the 

expression. As soon as you start editing, a button will appear labelled “Compute and show on map”. When you are happy with your edited 

expression, click the button to update the map overlay. 

The “Compute and show on map” button. This appears whenever the query has been edited. 

Example 

A meteorologist is producing a using projected temperature data for 2030-2060 and needs to understand the C.V. of the data. 

C.V. is Standard Deviation divided by the mean, so we can enter the expression:  

 StandardDeviation("Projected Temp Max RegCM4 A1B", From(2030), To(2060)) /  

           Average("Projected Temp Max RegCM4 A1B", From(2030), To(2060)) 
 

 

Directly entering an expression to calculate C.V. 
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Expressions and operators available in the query syntax 

 

Statistical expressions 

These always have a double-quoted data name as their first argument. 

Expression  Meaning Notes 

Maximum(dataset, ...) Maximum sample value  

Minimum(dataset,...) Minimum sample value  

Average(dataset,...) Average of the sample values  

StandardDeviation(dataset, ...) Standard deviation of the sample values Gives a delta value 

Sum(dataset, ...) Sum of the sample values.  

Count(dataset, ...) Count of the number of samples. Gives a dimensionless value 

Mathematical operators 

Operator  Meaning Notes 

+ Plus It is an error to add or subtract expressions that use different units. 

- Minus 

* Multiply  

/ Divide  

^ n  
^ (1/n) 

Raise to power 
Root 

Only integral powers or integral ratios are allowed. I.e. n must be a 
whole number, and not a statistical expression. It may be an error if the 
resulting units do not make sense. 

Expressions used inside aggregation expressions 

Expression Meaning Notes 

From(Year[, Month[, Day]]) Specify start date* If month is not given, January will be used. 
If day is not given, 1 will be used. 

To(Year[, Month[, Day]]) Specify end date* If month is not given, December will be used. 
If day is not given, the last day of the month will be used. 

Months(...) Specify which months* to 
aggregate 

Only data from the specified months will be used. 

* Months can be specified by name or number: i.e. PrevDec = PreviousDecember = 0, Jan = January = 1, Feb = February = 2, ... Dec = 

December = 12 
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Projection Ensemble Mean 

Example 

 

A meteorologist needs to calculate the ensemble mean of WRF projected maximum temperature by averaging the WRF model output for 

two GCMs (ECHAM5 and HadCM3).  

(This is possible because they have the same resolution). The data is only needed for the Eastern Development Region (EDR) of Nepal. 

For these kinds of complex queries, the portal provides a simple but flexible query language. 

 

- The flexible query box allows direct editing of a query by more technical users. 
 
- These users will typically have some specific formula in mind and wish to quickly visualise it on a map or chart. 
 
- In this case we will sum the two models together and divide by two to give an average or ensemble mean. 
 

 

1. One way to enter a flexible query is to modify a generated expression. 

 

E.g. compare two data sets as seen below: Click "Compare on map" to generate a query expression to modify. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Edit the query expression to compute the projection ensemble mean as follows: 

 

 

 

 

 

 

 

 

 

(indentation added for readability) 
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3. Click “Compute and show on map”. The map is updated to show the projection ensemble mean. 
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Login and Purchase Data 

Overview 

 

 The climate data portal provides daily data for download by specialist users. 
  Payment handling is performed by the DHM. 
  The portal allows users to order data, make note of payment details, track orders and download data once purchased. 

 

Example 

  
4. A new user must register an account on the system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Enter user details and click "Register" 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



    Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 174 

 
6. Registration is successful 

 
 
 
 
 
 

7. From the main menu, the user selects "Purchase Data" for the data purchasing system. Then "Purchase new data". 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. The user selects the desired parameter, station and date range. They specify whether they are a student or other. 
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1. A summary screen is shown, including the price. Price is calculated only for requested data that exists. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. The user can see a list of the data they have ordered on the All Purchased Data screen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. At this point the customer pays by whatever method available and DHM staff verify the payment. Then an administrator 

logs in and checks the purchased data screen. They click Open and then check the "Paid" checkbox. This releases the data for 

download. 

 
 

 
 
 
 
 
 

4. Now when the customer next logs in, the data can be downloaded. A green download button appears on the Purchased 
Data Detail screen. 
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9. The downloaded data is in simple CSV format so that it can be viewed in any spreadsheet. This makes the raw data 

highly accessible. 
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End Notes 
 

 

 

 

Usability and Applicability of the Nepal Climate Data Portal 
 

 Easy accessing historical station data, historical gridded data and projected future climate change scenarios for: 

- Research and Developments 

- Assessing impacts and vulnerability in climate sensitive sectors such as agriculture, water resources, energy, health, etc. 

- Developing adaptation strategies for vulnerable sectors 

- Infrastructure planning as adaptation measures 

- Contingency planning 

 
 

Stakeholder Involvement 

 
The portal has been financed by the Asian Development Bank (ADB) 
 
The DHM and ADPC have jointly organized two feedback workshops on the portal, inviting various users from technical and policy-making 
fields. This was to ensure that the system could serve real needs of real potential users. Much of the feedback from those two workshops 
has been incorporated into the current system. 
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1.   Background

Department of Hydrology and Meteorology (DHM) is the 
government body under the Ministry of Environment, 
Science and Technology (MOEST). DHM is mandated 
to undertake the observations in the ield of meteorology 
and hydrology, which includes the basic parameters like 
temperature, precipitation, evaporation, sunshine, soil 
temperature, wind, atmospheric pressure, river low, 
water quality and others as per the need. In addition, 
DHM also undertakes study of the snow and glaciers 
of Nepal including the monitoring and collection of 
data regularly. However, there is no Government Act 
to back these meteorological and Hydrological works 
in the country. This report concentrates mainly on the 
enhancement of the Department of Hydrology and 
Meteorology in generating the quality climate and 
weather data to meet the future challenges. At the same 
time it also attempts to look at the overall development 
of DHM.

The main function of DHM is to provide services to 
the people by providing accurate and timely weather 
and climate information for the development activities 
and at the same time issuing timely warnings and 
information at the time of weather related disasters 
helping in protecting the lives and properties in the 
country. Besides, DHM also has to give climate and 
weather related services to the needs of various sectors 
such as agriculture, water resources, aviation, health 
etc. In order to provide these services, it is necessary 
to build a modern meteorological data collection 
and management system. Nepal is in the process 
of development and many of these services are 
essential, but are not yet available. It is necessary to 
develop a good observation system and data collection 
scheme so that the anticipated services can be given 
to the society. At this stage, it becomes necessary to 
assess the present state of the DHM and its various 
aspects from the station network, the condition of the 
instrumentation, data collection and processing to the 
forecasting practices and methodologies including the 
human resources.

2.    Station Network

Currently, there are 281 meteorological stations in 
operation. The spatial distribution of stations is depicted 
in Figure 1 and the details of the stations are given in 
Table 1. Most of the stations are manual and only few 
of them are equipped with Automatic Weather Stations 
(AWS).  Although the stations are in operation most of 
them are in need to upgrade so that they will be fully 

equipped as per the need of the users. For example, 
all the agrometeorological stations are not equipped 
with the basic instruments required for the agriculture 
purpose. The instruments lack proper maintenance and 
regular calibration which affects the quality of the data. 
Agrometeorology is one area where emphasis has to be 
give with due consideration.

It is important to have a proper infrastructure at the 
stations. There are attempts to make proper fencing 
for the station area, but many of the stations have yet 
to have proper infrastructure. To have quality data it is 
necessary to have a appropriate site location to give a 
representative information of the station area. The sites 
of some of the stations are not proper and need to be 
changed. In order to get the quality data it is necessary 
to give the regular training to the observers, which are 
not been carried out in a systematic and regular way. 
Those who are trained also need regular refresher 
training. 

Type of Station No. of stations

Precipitation 169

Climate 76

Agrometeorological 21

Synoptic 9

Aeronautical/Synoptic 6
Total 281

In order to carry out its operational as well as the 
administration works, there are three regional ofices 
with their head ofices located at Surkhet (Mid- and 
Far western Region), Pokhara (Western Region), 
and Dharan (Eastern Region). The Central Region is 
managed by DHM head quarter in Kathmandu.

Figure 1: Spatial distribution of meteorological stations

Table 1: Details of meteorological stations
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These regional ofices also effectively carry out the 
collection of the data in the region and forward to the 
DHM head ofice in Kathmandu.

DHM in the recent years has concentrated in updating, 
upgrading and modernizing the existing stations and 
run smoothly instead of installing new stations. At the 
same time, it has also been felt important to expand the 
station network in the data void region, especially the 
northwestern parts of the country. The number of stations 
is never enough in a mountainous country like Nepal 
in order to get the adequate and reliable information 
of weather and climate. Therefore, it is important to 
conduct study/research so as to determine an optimum 
number of stations required and so necessary to revisit 
the stations network with proper need assessment and 
planning to modernize its station network with proper 
infrastructure and well trained technical manpower.

3.   Data Collection

The data collection system in almost all the stations is 
manual. The synoptic and aeronautical stations send 
their observation report in real time basis to the Weather 
Forecasting Division (WFD). These data are then sent 
to Regional Telecommunication Hub (RTH), New Delhi 
for further global and regional dissemination according 
to WMO regulation. The data from other type of stations 
are not received in a real time basis. In addition, these 
data are sent to DHM head ofice only after some 
time lapse varying from weeks to months. This delay 
hampers in the data analysis and will not be made 
available to the concerned and needy institutions. If 
more stations send the data in the real time basis, it will 
substantially help the operational weather forecasting 
service as well as to the other sectors. Looking at this 
situation, there is an urgent need to upgrade the existing 
data collection system and at the same time modernize 
in order to provide the information quickly and timely to 
the users. DHM has recognized these facts and tried to 
rectify this situation by updating many of its stations to 
automatic and real time. 

With the advancement in the instrumentation for the 
measurement of meteorological parameters, it has also 
been felt the need to upgrade the database system of 
DHM to handle various types of meteorological data. 
DHM already has number of AWSs and there is a good 
possibility that other instruments like Radar, Radiosonde 
will also be made available to Nepal through various 
donor agencies in near future. With the assistance 
of Finnish Meteorological Agency (FMI), DHM has 
installed a new web-based database system. Modern 

and new database system means more sophisticated 
system, and such system requires technically trained 
and expert manpower. 

4.    Human Resource

The available man power in DHM can be seen from 
the organization chart (Figure 2). DHM currently lacks 
manpower to carry out its regular job. For many years, 
there is no increase in the number of staffs, which is one 
of the main hindrances to its development. As the staffs 
retire or left the job, these places have to be illed up 
quickly so as to run the organization smoothly and this 
is not happening here. With this kind of situation, many 
of the vacancies are not fulilled in time. The present 
condition of the human resources in DHM shows that 
23% of the posts are vacant. 

A lot of changes have taken place in the ield of 
meteorology with the introduction of new techniques 
and technology to deal with the problems of 
meteorology especially in the ield of weather and 
climate prediction. Inclusion of the new technology like 
Numerical Weather Prediction (NWP) System, Climate 
modeling and Prediction, Seasonal Forecasting etc in 
the present function of DHM means additional need 
of man power, which is just natural. Similarly, modern 
and sophisticated instruments need to be installed 
to enhance the forecasting which also requires more 
technically skilled manpower. 

5.    Weather Forecasting

Weather forecasting is one of the main functions of DHM. 
The present method used for the weather forecasting is 
the synoptic way and it is more subjective in nature. At 
present DHM issues only 24-hour forecast in a regional 
basis. Though the issuance of these forecasts is the 
primary function of DHM, but it is, at the same time, 
important to know in what way these forecasts have 
been used by the users. Such assessment has not been 
done in Nepal. The government has every year allots 
some budget for this purpose and for the running of the 
DHM as a whole. It is, therefore, of prime importance to 
know its utilization.

With the development in the science of weather 
prediction, many new techniques are emerging and so 
there is an urgent need to introduce Numerical Weather 
Prediction (NWP) in the weather forecasting work in 
Nepal. It is an objective way of weather forecasting 
and will give more conidence to the staffs in their 
operational forecasting work.
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In addition to the daily weather forecasting, it is also 
necessary to have an extended period of forecasting 
at least for 3-5 day period with quantitative forecast 
of precipitation, temperature etc. Such information will 
be useful to the community level working in the ield of 
agriculture, water resources and other relevant sectors.

6.    Early Warning System

Early Warning System (EWS) is another requirement 
and demand in Nepal, which has now become more 
prominent due to the frequent occurrences of the 
extreme events in the recent years.  DHM has already 
started EWS in relation to the lood events. For 
this activity, a timely collection of necessary data of 
precipitation, river discharge is important to incorporate 
into the lood forecasting scheme developed in DHM. 
Once the lood forecasting is done, it is important to 
disseminate this information to the community level 
as well as to the decision/planners. So far some pilot 
studies have been conducted in some river basins and 
dedicated effort will be necessary to implement this in 
all the river basins of Nepal. In the recent decades, 
there have been frequent occurrences of the events 
like long lasting fog situations, heat waves and cold 
waves, intense precipitation, severe thunderstorm. It is, 
therefore, logical to introduce and implement EWS for 
these phenomena and many others as per the need.

7.   Collaboration with Other Institutions 

and Donor Agencies

During the initial development phase of Department 
of Hydrology and Meteorology, various organizations 
and donor agencies played very important role. In 
the beginning of the meteorological service in Nepal, 
World meteorological Organization (WMO) helped 
to establish meteorological stations and started the 
weather forecasting services in Nepal with its technical 
and inancial support. With the passage of time many 
changes are seen toward the development of DHM. At 
the same time it expanded its services to reach people 
and extend its services to accommodate other ields 
like aviation, agriculture, water resources, and others. 
Being a mountainous nation the establishment of the 
station in the high mountains is still a challenging task 
due to its remoteness and dificult terrain. Being also a 
member of the WMO, DHM has been receiving support 
from various organizations and donor agencies. The 
ongoing projects and cooperation of DHM with donor 
agencies are outlined here.

7.1   Finnish-Nepalese Project for Improved 

capability of the Government of Nepal to respond 

to the increased risks related to the weather-

related natural disasters caused by climate 

change (FNEP1)

This FNEP1 project started in February 2010 and will 
last till June 2012. After this next project FNEP2  is in 
progress which will continue the work started in FNEP1.

DHM staff has participated the technical feasibility and 
socio-economic studies in FNEP 1 with the guidance 
of the experts from Finnish Meteorological Institute 
(FMI). The technical feasibility study has helped to 
start building the data base and the data management 
system. The data management is the key aspect for the 
improvement of the services. The socio-economic study 
in FNEP 1 has prioritized the application areas, which 
will beneit most of the hydro/meteorological services. 
Such development in the services has been envisaged 
to continue in the suggested FNEP 2 project to be 
supported.

FNEP1 project has indentiied the social economic 
beneits of enhanced weather services in Nepal in 
various sectors like agriculture, civil aviation, public 
health and energy. The workshops under this project 
has increased the awareness of the potential of hydro-
meteorological monitoring, national and regional 
data sharing, and modern services to the national 
development and successful operation of industrial 
activities among stakeholders and present and potential 
customers, and promoted networking between DHM 
and other projects. Such networking will help for the 
success of FNEP2 project.

7.2   Establishment of a regional lood information 
system in the Hindu Kush-Himalayan region 

(HKH-HYCOS)

DHM is currently implementing the project 
“Establishment of a regional lood information system 
in the Hindu Kush-Himalayan region (HKH-HYCOS)” 
through International Centre for Integrated Mountain 
Development (ICIMOD) with funding from Government 
of Finland. It has plan for 10 automatic real-time hydro-
meteorological stations to set up in Nepal for assisting 
in providing lood information to the downstream 
communities. With a total committed funding of USD 
50,000.00 for Nepal component the project is for two 
years. It is also expected that some personnel from DHM 
will be trained on establishment of automatic stations 
and their maintenance, while others will gain experience 
on creating public awareness and coordination with 
stakeholders. FMI has been cooperating with this 
project since the beginning of FNEP1 and there will 
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not be any overlapping with FNEP 2 project. The FNEP 
2 proposal will support to upgrade the existing data 
base management for improvement and betterment 
of the meteorological data quality control, which is not 
included to the ICIMOD project.

7.3   Climate data digitization and downscaling of 

future climate projections in Nepal  – ADB/ADPC/

DHM 

This is an Asian Development Bank (ADB) funded, joint 
ventured (Asian Disaster Preparedness Center (ADPC), 
Bjerknes Centre for Climate Research (BCCR), Norway 
in association with Faculty for Geo-Information Science 
and Earth Observation (ITC), University of Twente, 
Netherlands and The Energy and Resources Institute 
(TERI), India) one year project under TA7173-NEP: 
Strengthening Capacity for Managing Climate Change.

This project started in January 2011 and last till the end 
of March 2012 with a total committed funding of USD 
400,000.00. The following are the overall objective of 
the project:

1. Data digitization, quality control and statistical 
analysis of digitized data

2. Dynamic downscaling of future climate projection
3. Web portal development
4. Trainings, Workshops and Dissemination

Expected beneits after the completing the project. 
• Assessing  impacts  and  vulnerability  in  climate  

sensitive  sectors  such  as  agriculture, water 
resources, energy, health, etc.  

• Developing adaptation strategies for vulnerable 
sectors.  

• Infrastructure planning as an adaptation measures.  
• Contingency planning for impending hazards due 

to climate change. 
• Help to aware the policymakers and planners on 

Climate Change issues. 
• Integrating Climate Change Adaptation (CCA) and 

Disaster Risk Reduction (DRR). 
• Mainstreaming CCA into development with the 

strong support from policymakers.

7.4    Mount Kailash Sacred Landscape Conservation 

Initiative: Developing a Transboundary Framework 

for Conservation and Sustainable Development in 

the Greater Mt. Kailash Region of China, India and 

Nepal – GIZ/ICIMOD/DHM/KBO

 
One of the main project activities was the development 

of long term ecological, climatic, and biodiversity 
datasets for Hindu Kush Himalaya (HKH) region to 
promote regional cooperation on environmental and 
climate change monitoring and networking. Under this 
project seven real time data transmission automatic 
weather stations and three automatic gauging 
stations were installed in mid far western region of the 
country. The initial phase of the project was around 
2 years (June 2009- June 2011).  The total fund for 
Instruments, equipment, construction and installation 
was €250,000.00

7.5.   Irrigation and Water Resources Management 

Project (IWRM) with WECS 

DHM has the responsibility to assess and manage 
the data and information related to hydrology and 
meteorology within the country. This is in turn will help 
in the assessment of basins water resources. A network 
of hydrological and meteorological stations have been 
established to monitor river low, rainfall, temperature, 
wind speed, relative humidity etc.

DHM has been working for installation of telemetry 
system for monitoring water availability and allocation 
in Karnali, West Rapti and Babai Basins. It is one of the 
components (C9) under IWRM funded by World Bank. 
The total budget for four years (2009-2012) is US$ 0.74 
million. The component is intended for the institutional 
and policy support for better water management and 
productivity.

The objective of the project is establishment of 
hydrometric stations equipped with telemetric system on 
major rivers, tributaries and key precipitation recording 
locations with the intention toward the management 
of water distribution system on the basis of real time 
data as well as the short term and medium term low 
forecasting.

7.6   SAARC Severe Thunderstorms- Observations 

and Regional Modeling (STORM) Programme

This programme has two major components:
1. Mesoscale ield experiment for better understanding 

of structure and characteristics of these severe 
local storms, improvement in model initial condition 
and validation of mesoscale models

2. Mesoscale / regional modeling activity to develop 
a suitable prediction system towards a robust 
forecasting of these thunderstorms. 



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal184

Thus, the proposed programme is expected to improve 
both the understanding and prediction of these 
severe local storms. Broad objectives of the proposed 
programme can be put forward as follows:

• To understand the genesis, development and 
propagation of severe thunderstorms over eastern 
and north-eastern India.

• To enhance the knowledge of dynamical and 
thermo-dynamical structure and the role of micro-
physical processes on intensiication of these 
severe storms.

• To study the behaviors of atmospheric electriication 
during intensiication of these storms and their 
interaction with cloud microphysical processes.

• Development/ customization of meso-scale 
prediction systems with improved forecast skill 
for prediction of these severe thunderstorms. (As 
these local storms occur in other part in the SAARC 
region, there is a plan to extend its activities 
including other SAARC member countries)

7.7   Finish project with WECS and WWF: 

Presently DHM has signed the Memorandum of 

Understanding (MOU) with World Wildlife Fund, 

Inc. (WWF)

The purpose of the Memorandum of Understanding 
(MoU) is to establish a working relationship between 
the organizations to undertake mutually desirable 
activities such as development of community based 
Early Warning System by establishing real time 
hydrometeorological stations . The cost allocated for 
this activity is US$ 50,000.00. Objectives to be shared 
by WWF and DHM are:

• Establish a working relationship under which they 
will achieve their common goals and objectives,

• Conduct research on subjects of mutual interest 
such as: hydrology, meteorology, glaciology, 
climate change, climate change adaptation etc. 
and share information in achieving target of the 
Government of Nepal in reducing stress on natural 
resources,

• Strive towards understanding important roles, ca-
pabilities and approaches of each party for iden-
tifying climate change impacts and vulnerabilities 
and applying the adaptation and mitigation options.  
This implies recognizing the complementary nature 
of respective approaches and activities and the 
comparative advantages of both parties, and

• Achieve synergy in program by avoiding duplica-
tion in activities and allocating the resources in the 

most effective manner.

7.8   Finnish-Nepalese Project for Improved capa-

bility of the Government of Nepal to respond to the 

increased risks related to the weather-related nat-

ural disasters caused by climate change (FNEP2)

The overall objective of this Project FNEP2 between the 
Finnish Meteorological Institute (FMI) and Department 
of Hydrology and Meteorology (DHM) is to improve ca-
pability of the Government of Nepal to respond to the 
increased risks of natural disasters related to weather 
and climate.

Indicators of success:
• Reduction of the loss of life and property caused 

by natural disasters related to weather and climate 
through an improved level of preparedness

• Decreased obstacles to economic growth due to 
improved information on climate and meteorologi-
cal phenomena thus contributing to the sustainable 
development and reduction of poverty and better 
living standard and self-reliance of Nepal

• Sources of veriication:
 - Statistics on effects of climate phenomena in 
the society
 - National livelihoods (for example ishery, ag-
riculture and tourism) revenue statistics
• Action and implementation plans for the prevention 

of weather and climate related natural disasters e.g 
EWS implementation plans

The main purpose of this FNEP2 Project is to continue 
increasing the capacity of DHM in using advanced 
technology in hydro-meteorological observations, 
services and international data sharing and to provide 
new pilot services to the society 

The FNEP2 project will continue increasing the quality 
and level of services of DHM to support the development 
of the Nepalese community in different socio-economic 
sectors and to improve DHM capacity to participate in 
regional hydro-meteorological cooperation and projects.

The FNEP 2 project is designed to support the capacity 
building side of PPCR project.

7.9     Nepal pilot program for climate resilience 

(PPCR): Building Resilience to Climate Related 

Hazards (P127508)

Through an extensive and in-depth participatory / con-
sultative process, Government of Nepal has prepared 
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Strategic Program for Climate Resilience (SPCR), 
which was approved by Climate Investment Fund (CIF). 
SPCR has identiied ive areas/components for invest-
ment. The investments outlined in the SPCR are ex-
pected to help Nepal to manage many of the climate 
risks. The areas of investment identiied by SPCR are:

• Building Climate Resilience of Watersheds in 
Mountain Eco-Regions, 

• Building Resilience to Climate-Related Hazards,
• Mainstreaming Climate Change Risk Management 

in Development, 
• Building Climate Resilient Communities through 

Private Sector Participation, and 
• Enhancing Climate Resilience of Endangered Spe-

cies.

The World Bank is identiied and mandated to manage 
the funds for SPCR Component-ii, i.e. Building 
Resilience to Climate Related Hazards. Accordingly, 
preparation of the project on Building Resilience to 
Climate Related Hazards has begun. The Project aims 
at the following aspects. 

• Institutional Strengthening, Capacity Building and 
Financial Sustainability of DHM

• Modernization of the Hydro-meteorological and 
Environmental Observation Networks

• Enhancement of the Service Delivery System of 
DHM 

• Creation of an Agriculture Management Information 
System

The project will be coordinated by the Ministry of 
Environment and the components (a), (b) and (c) will 
be implemented by the Department of Hydrology and 
Meteorology (DHM) and the component (d) by the 
Ministry of Agriculture and Cooperatives (MoAC).

World Bank Pilot program for climate resilience (PPCR) 
is in inal phase and expected to start in the middle of 
2012. FNEP 1 project has been participating to World 
Bank mission and shared the results of the FNEP 1 
project with World Bank. FMI has also recently (January 
2012) signed the MoU with World Bank. 

DHM is responsible about the Component-ii (a, b and 
c), which has large investments about USD 20 million 
to instruments, hydro/meteorological tools e.g software 
for DHM and  about USD 4-5 million to develop Agricul-
tural management information system for Agricultural 
Ministry.

7.10     Collaboration with RIMES, Thailand

The Flood Forecasting Unit (FFU) of DHM has been 
assisted by RIMES in issuing a three day quantitative 
forecast of precipitation in Nepal. In this regard 
personnel from Flood Forecasting Unit and Weather 
Forecasting Division (WFD) of DHM were given training 
to run WRF model. At present, RIMES prepares the 
3-day quantitative precipitation forecast and sends 
to FFU and WFD in an analogue format. The regular 
running of the WRF in DHM has yet to be systematized. 
In addition, data assimilation has not been incorporated.

8.    Needs/Requirements

8.1    Station Network upgrading and expansion

8.1.1 Surface stations
 As presented earlier the network of surface observation 
stations in Nepal is mostly concentrated in the south 
and middle hills and sparse in the mountainous region. 
It is because of the remoteness of the place as well as 
the heavy investment needed because of the dificult 
terrain. Theoretically, if one station is established in 
a 100 km2, around 1500 stations will be required to 
cover Nepal. As most of the northern region of Nepal 
is occupied by high Himalayas, it will be dificult and 
sometimes impossible to establish and maintain 
stations in those regions. Before a station is established, 
it is of utmost importance to see its sustainability and 
therefore sometimes the stations cannot be established 
as envisaged theoretically. The present network, 
deinitely, is inadequate to be effectively used in the 
weather forecasting as well as in the EWS purpose. 
More reliable and real-time data can also be very useful 
in the Numerical weather prediction. Effort is necessary 
to establish station to ill up the data void region and 
at the same time consider the complex terrain of the 
country.

There are 75 districts in Nepal and to have general infor-
mation of climate and weather in each district, adequate 
stations have to be there in all districts. With having 8 
stations in each district, it is necessary to have 600 sta-
tions in total to cover all districts. There might be some 
districts where more stations are required for good rep-
resentation. Therefore, it is estimated that at least 750 
stations are necessary in Nepal.  Looking at the present 
spread of the surface stations network, there are data 
sparse region in the northwestern region of Nepal as 
well as some in the eastern mountainous region and 
also some in the southern region of the country. The 
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expansion of the stations network as proposed here 
will able to minimize the problems associated with the 
present network. 

At some surface stations, in addition to the standard 
meteorological instruments, radiation instruments like 
Pyranometer, Radiometer are also to be installed so 
as to monitor the radiation in the earth atmosphere 
system. In the context of the occurrences of more 
severe thunderstorms, Lightening detectors are 
invaluable instruments at those places frequented by 
this phenomenon.

The detail plan can be formulated by a joint collaboration 
with DHM keeping in mind the future plan of the 
government. In addition, it is also recommended to 
keep in close view to the various plan and projects of 
DHM in upgrading and expansion of the stations with 
AWSs through the projects like SAARC Storm, Kailash 
Lanscape, PPCR.

8.1.2   Upper air stations
At present there are no upper air stations in Nepal. In the 
past one radiosonde upper station was in operation for 
a period of about two years during 1979-80. That was 
operated as part of the International Summer Monsoon 
Expedition (MONEX) supported by WMO/UNDP. Later, 
it stopped operation due to the high cost.

In order to have good forecasts it is necessary to have 
a three dimensional proile of the atmosphere and so 
apart from the surface stations upper air sounding data 
is also important. Looking at the areal extent of Nepal, 
ive upper air GPS stations will be necessary to give 
a good coverage. The stations should be located in 
such a way to get a good coverage of the whole Nepal. 
These upper air stations will deinitely help to enhance 
the quality of the forecast in Nepal and at the same 
time these data set can also be used effectively in the 
operation of the global and regional model giving much 
better forecasts of weather and climate. This is an area 
where substantial effort has to be concentrated. 

In addition to the GPS stations, some of the important 
international airport has to be equipped with the wind 
proiler. It helps to continuously monitor the vertical 
proile of wind, which will also be helpful in identifying the 
wind shear zones in the atmosphere. Such information 
is very instrumental in aviation. At present, two sites 
can be proposed, one at Tribhuvan International 
Airport, Kathmandu and other at Bairahawa airport in 
the western region.

For the smooth operation of the aircrafts, it is necessary 
to have good and reliable surface as well as upper 
air stations at all the airports. Most of the airports do 
not have proper meteorological observations. Vertical 
wind information is vital for a smooth operation of the 
aircraft and it is necessary to have such information. 
As already mentioned above, at present there are no 
upper air stations in the country. In this regard, a strong 
recommendation can be made to have at least Pilot 
Balloon observations at all the airports along with the 
sound surface meteorological observations. 

As also mentioned already, close linkage with other 
ongoing and proposed projects of DHM like SAARC-
STORM project, PPCR projects have to be considered.

8.1.3   Radar
Radar is an important instrument or tool that can give 
lots of information on the atmosphere and its content, 
which is not possible with the conventional instruments. 
Doppler Radar can give the data on updraft and 
downdraft, information on the various state of water as 
well as the physical processes within the cloud. 

Being a mountainous country, the weather and climate 
changes in short span of distances and it is almost 
impossible to establish a vast network of surface stations 
to depict such variation of weather. This aspect has also 
been mentioned above under the surface station. It is 
important to have quantitative data on precipitation for 
lood forecasting and other water resources activities in 
advance. From rainfall stations we get only precipitation 
as it starts and that too normally the stations will not 
be enough. From Radar it is possible to estimate the 
amount of precipitation given by the clouds well in 
advance, which can be effectively utilized in the lood 
forecasting and warning purpose. Three C-Band 
Doppler Radars are proposed so that they cover all the 
river basins of the Country.

8.2 Enhancement of Meteorological Service

8.2.1 Improvement of weather forecasting
The visibility of meteorological service depends on 
providing the reliable and quality weather forecasting 
service. The main attention has to be directed towards 
the utilization of these forecasts by the people and 
community. This kind of bridging between the weather 
forecasting service and the community is vital. In order 
to accomplish this, the present forecasting system of 
subjective nature has to be changed into objective 
type providing a quantitative forecasts rather than the 
qualitative and subjective one as given at present.



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 187

To enhance the service, it is necessary to expand the 
weather forecasting horizon to 3-5days using Numerical 
Weather Prediction (NWP) system. DHM has recently 
introduced WRF scheme with the technical assistance 
from RIMES to produce three day quantitative 
precipitation forecast, which is still in experimental 
phase but expected to be in operation for public soon. To 
increase the conidence of the model results, validation 
has to be carried out, which has not yet been done. The 
staffs in the weather Forecasting Division and the Flood 
Forecasting Unit are being trained to run the basic WRF 
model. At this stage data from the Nepal stations are 
not used and so data assimilation will be very important 
to incorporate in the present forecasting scheme, which 
will help to increase the quality of forecasts.

In order to increase the eficiency of the weather 
forecasting Division, installation of the weather 

forecasting workstation to display observational 
data, analysis, NWP model results, and satellite data/
products will be instrumental.

With these improvements the weather information can 
be disseminated to the community level working in 
various sectors like agriculture, water management, 
and even day to day activities in the society.

8.2.2 Seasonal Forecasting
The sector like agriculture is very much inluenced by 
the variability of meteorological parameters and in the 
light of the recent changes seen in the climate system, 
it has become more important to have knowledge of the 
weather in the seasonal basis. Having seasonal forecast 
in knowing the occurrence of the adverse weather 
phenomena like drought, heat waves and other extreme 
events along with the temperature and precipitation 
forecasts will be valuable guidance to manage the 
activities even at the community level.  There is always 
an uncertainty in the weather forecasting and so also 
in seasonal forecasts. The running of the seasonal 
forecasting model along with the validation of the model 
results will help to minimize the uncertainty. At present, 
DHM does not have any programme to carry out 
seasonal forecasting. However, the interaction with the 
staffs of DHM and the user’s communities especially in 
the agriculture sector strongly indicated a urgent need 
of seasonal forecasts.

With the information available with the seasonal 
forecasts, Climate Watch could be disseminated 
through EWS or it could even be considered as part 
of the EWS. Climate watches are WMO initiative 
to develop climate scale warning system and they 

would be issued in case of observed and/or predicted 
anomalous climatic situations like prolonged drought or 
predicted heat wave etc. The time scale of prediction 
could be extended to months according to the model 
capacity. For Nepal the most important parameters to 
monitor and with signiicant beneit might be drought 
index especially during winter months and amount of 
precipitation in monsoon season. 

8.2.3 Climate Change Scenarios Development
There are evidences of the changes in climate in Nepal 
especially in the high Himalaya. The studies shows 
that there is a tendency of more increasing trend in 
temperature in the higher elevation and these are 
the region where fresh water reserve in the form of 
snow and glaciers are located. The systematic study 
and monitoring of the glaciers in Nepal Himalaya 
started from early seventies and the programme is 
still continuing, which provided information on the 
depletion of these glaciers. It started as a joint scientiic 
expedition between Japan and Nepal in 1974 to study 
high altitude climate and the surveys of the glaciers in 
Nepal Himalaya. This is a visible impact of the climate 
change and there are other evidences in the ield of 
water resources and agriculture.

The development of the climate change scenarios 
in Nepal has started in a smaller way and DHM has 
taken the lead in this ield. However, research is not 
the mandate of DHM and so such study and research 
is not able to grow as it should. It is a fact that the 
climate system is changing with time and its study and 
monitoring is important. In this way research becomes 
an integral part of the weather and climate science. A 
systemic development is needed in this sector so as to 
come up with reliable scenarios, which can be applied 
in the developing process of the country.

8.3    Coordination with Civil Aviation Authority

Civil Aviation is one of the important agencies, where 
meteorological observations and weather forecasts 
play an indispensible role for the smooth operation of 
the aircrafts and in turn for the safety of the passengers. 
Therefore, proper and standard meteorological 
instruments should be a foremost priority, but 
unfortunately it is not the case in Nepal.

Only few airports in Nepal have the facility of having 
the meteorological observation. There is poor coordi-
nation in installing meteorological instruments between 
the Civil Aviation Authority of Nepal (CAAN) and DHM. 
DHM establish stations and provide services with 
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weather information necessary for the aviation following 
the WMO as well as ICAO rules and regulations. CAAN 
also installs various meteorological instruments at the 
airports without any consultation with DHM. As CAAN 
does not have the facility of maintaining and calibrating 
the meteorological instruments, the performance of 
these instruments is questionable. It is recommended 
strongly to have close coordination in establishing 
stations and installing new instruments at the airports. It 
will avoid duplication and at the same time have reliable 
information agreeable to both DHM and CAAN.

It is recommended here to have a standard 
meteorological observatory, surface as well as upper 
air, at all the airports for the dependable and eficient 
aviation service.

9.   Institutional Development

In order to enhance the services provided by DHM, 
it is equally important to have a proper institutional 
arrangement. Some of the immediate needs toward the 
development of the DHM are recommended here.

1. Agrometeorological Division: In the ield of agricul-
ture weather and climate information play a very 
vital role. In a country like Nepal, where more than 
80% of the population are engaged in agriculture, it 
is of utmost importance to provide the reliable and 
timely weather information including the extended 
forecasts so that farmer community can plan their 
agriculture activities. The dedicated agriculture bul-
letin and other weather information to the farmers 
have to be issued regularly. To undertake these 
activities a separate Agrometeorological Division is 
necessary. It has to coordinate with the Ministry of 
agriculture and its various ofices so as to make 
proper use of the products this division provides 
and get their feedbacks.

2. Research and Development Division: The weather 
and climate are the part of the nature, which are 
changing all the times and to forecast these 
systems, it is irst necessary to understand them. 
There have been sporadic efforts in carrying out 
research in the ield of meteorology and hydrology, 
but they are mostly in an individual and personal 
basis. It is important to have these research activities 
in an institutional basis so that it can continuously 
help the operational function of the department. In 
order to institutionalize research, it is necessary 
to have a separate division.  This division will also 
look at the development of the instrumentation, 
methodologies, and various aspects toward the 

development of the organization. 
3. Mountain Meteorology Programme: Nepal is a 

unique place in earth with typical topography rising 
from almost sea level to the top of the world provid-
ing diverse ecosystem and unique circulation sys-
tem affecting not only in a local or regional way, but 
in a global scale. The interrelation between Hima-
layas and monsoon is still a vast area of research. 
For modellers Himalaya poses an ever challenging 
hurdle. It is also an opportunity to undertake such 
a challenge. Mountains of Nepal are the abode of 
snow and glaciers contributing substantial fresh 
water to the millions of people in the downstream 
areas. The observations in the Himalayas have 
clearly showed the unprecedented depletion of 
snow and glaciers in the recent times. These fea-
tures make it more urgent to launch a Mountain 
meteorology Programme and later can be devel-
oped into a permanent part of the department.

4. International Coordination Division: DHM is the 
focal Point of World Meteorological Organization 
(WMO), Intergovernmental Panel on Climate 
Change (IPCC) and it is very important to represent 
Nepal in these international forums in a proper way 
including all the relevant institutions within Nepal 
and abroad. To undertake such task it is important 
to have a separate division to look at these matters. 
At the same time, DHM, as per its operational 
necessity, needs to have a close link with other 
international organization like, International Civil 
Aviation Organization (ICAO), Food and Agriculture 
Organization (FAO), World Health Organization 
(WHO) and others.  Such collaborations and 
representing Nepal in the international forum 
will become more relevant in the context of the 
impact of climate change that Nepal has already 
witnessing in the recent times.

Apart from the main components of the institutional 
infrastructure as mentioned above, it is also equally 
important to have good cooperation with the relevant 
ministries and departments of the government as well 
as with other non-governmental bodies. 

It will be relevant at this point to mention the link be-
tween DHM and concerned ministry. There is a Climate 
Management Division at the Ministry of Environment, 
Science and Technology (MoEST). DHM, obviously, is 
a government mandated department to undertake all 
the works related to meteorology, hydrology, climate 
and climate change aspects including the snow and 
glacier. There seems to be very little link between these 
units concerning the science of climate change. It is not 
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found in practice the involvement of DHM in UNFCCC/
COP activities, which normally is lead by the MoEST 
and in this process strong science aspect of climate 
and climate change will be missed out as seen in 
the past. This makes the representation of Nepal in 
the international arena very weak.  It is necessary to 
keep a close link between the ministry and department 
not only in administration and inance, but also in 
the science and technical aspects. At the same time 
ministry should facilitate the department to be involved 
in the activities like UNFCCC, COPs, NAPA and other 
relevant programmes by sharing the information as well 
as actively engaged in a common platform.

10.   Infrastructure Development

Towards the overall development of DHM, the 
instrumentations and new units as planned above needs 
a proper place and appropriate rooms. At present, the 
building infrastructure of DHM is in very bad shape. Out 
of the three building in Babarmahal area in Kathmandu, 
one is in a state of collapse as it has already inclined 
from the base. In the remaining buildings, the facilities 
for the envisaged programmes are far less than 
satisfactory. Once the rain starts all the front portion of 
the building remains under water and very inconvenient 
even to go inside the buildings. These are some of the 
present facts about the building facilities of the DHM 
headquarter.

The important service which gives the visibility of the 
DHM is the weather forecasting, in which almost all the 
sectors of the society give keen attention. It is, therefore, 
very important to make this service prompt, reliable and 
eficient including all the modern facilities. At present 
this Weather Forecasting Division located at Tribhuban 
International Airport in a restricted army area and so 
normally people can’t have easy access to visit that 
ofice. Therefore, it is necessary to shift the Weather 
Forecasting Division in the Headquarter, where people 
will be able to visit easily and get its service easily.

With all the requirements necessary to modernize 
DHM to undertake the challenges of the present and 
also of the future, a sound building infrastructure is of 
paramount importance with urgency. It is recommended 
that the present physical structures at Babarmahal, 
Kathmandu has to be demolished and a new building 
with all the modern facilities to accommodate the 
envisaged programms. During this time DHM has to 
operate  from a temporary place for about two years 
time.

11   Regulatory Mechanism 

Precision and reliability stays at the priority list of the 
meteorological and hydrological observation. For this 
some regulations have been generally laid out by WMO 
and in case of the aviation meteorology, ICAO in the 
same manner has some general rules and regulations. 
 
The criteria for the establishment of the meteorological 
and hydrological stations are almost the same for all 
around the globe. However, it has been found that many 
agencies and institutions in Nepal set up stations for the 
meteorological and hydrological observations on their 
own and most of the time without any consultation with 
DHM. More importantly the data from those stations 
are being utilizes for various purposes. Therefore, it 
is evident that the data generated from these stations 
and from the DHM network will not be compatible and 
may create dificulties in analysing these data. As the 
national resources in terms of inance, manpower is 
utilized in these observational processes, it is necessary 
to make the optimum use of these resources. In order 
to accomplish this it is highly recommended to bring all 
these activities under one umbrella so that quality data 
will be generated. Such mechanism has not yet been in 
place in Nepal. 

The national and local observation practices can be 
different from one nation to another depending on 
their geographical location, accessibility and other 
ground facts. Looking at the rugged topography and 
remoteness, national practices can be developed to 
make these observational works more operational and 
some sort of arrangement can be made in compliance 
with the WMO and ICAO regulation.

Apart from these observations and data collection, it 
has been observed that the weather forecasts have 
been issued by some newspapers independently, 
which creates confusion to the users. It is understood 
that DHM is authorised to issue the weather forecasts, 
but no such written directives exist. 

The above mentioned points are some of the important 
ones and to make it operational and functional it is 
necessary to have Meteorological and Hydrological Act 
and Regulations approved by the Government of Nepal.

12   DHM Budget

It is worthwhile to mention here the annual budget al-
lotted by the government of Nepal to run the depart-
ment of Hydrology and Meteorology. For the iscal year 
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2011-2012, the allotted annual budget is Nepali Rupees 
137,235,000 and the proposed budget for the iscal 
year 2012-2013 is Nepali Rupees 187,937,000.

If the enhancement of the Department of Hydrology and 
Meteorology as proposed here are to take place, the 
budget has to be much more. Therefore, it is necessary 
to devise a systematic plan so that the development of 
the DHM goes smoothly and in a sustainable manner.

13    At the End

The basic data base is the back bone to all the works 
carried out in the ield of Hydrology and Meteorology. 
It is, therefore, important to look at the whole stream 
of the process starting from the generation, collection, 
quality control to the dissemination of these data to the 
relevant user groups. It becomes more important as 
these data are used in various sectors and disciplines in 
Nepal as well as in the meteorological and hydrological 
community of the world.

In any meteorological service, it is essential to have 
basic infrastructure  necessary for the study of weather 
and climate. Surface station network as well as the 
upper air stations constitutes an integral part in the 
meteorological ield. Therefore, effort has to be made 
to ensure that basic equipments and other facilities are 
made available as highlighted above in order to enhance 
the performance of the Department of Hydrology and 
Meteorology.

Many kinds of instruments can be included in the list, 
but it is important to keep in mind whether these new 
facilities can be incorporated in the DHM system in a 
sustainable way. This report tried to put forward the 
ideas and recommendations in order to enhance the 
services given by DHM. Even the proposed facilities in 
this report may face dificulties in the implementation 
phase, if they are imposed in the existing facilities of 
DHM. The biggest obstacle is the human resources. 
During the development of the department it is indeed 
necessary to have ample manpower to accomplish its 
objectives. As the proper technical man power cannot 
be created in a short time span, it is recommended to 
outsource some of its activities like data collecting from 
GPS soundings, Pilot balloon observations and also in 
some cases operating some of the dificult stations in 
the country. Since the University education in the ield 
of meteorology, hydrology and environmental science 
and other natural sciences are available in the country; 
it will not be dificult to ind the appropriate agencies and 
manpower to take up such works. These facilities have 

to be implemented in a phase-wise manner so that they 
can be incorporated in the DHM system so that it can be 
operated smoothly and in a sustainable way. 

Annex: List of persons consulted

Dr. Keshav Prashad Sharma 
Director General
DHM

Mr. Kamal Prakash Budhathoki 
Deputy Director General  
DHM

Mr. Mani Ratna Shakya 
Deputy Director General, Weather Forecasting 
DHM

Mr. Saraju Kumar Baidya 
Superintendent Meteorologist, Climate 
DHM

Mr. Durga Manandhar 
Senior Divisional Meteorologist, Network 
DHM

Dr. Lochan Prasad Devkota 
Professor, Meteorology 
CDHM



Final Report | Climate Data Digitization and Downscaling of Climate Change Projections in Nepal 191

14

A
Glossary of Technical Terms

Automatic Weather Station: 

An automatic weather station (AWS) is an automated 
version of the traditional weather station, either to save 
human labor or to enable measurements from remote 
areas.

Climate Change: 

Climate Change is deined as statistically signiicant 
variation in either mean state of the climate or in its 
variability, persisting for an extended period (typically 
decades or longer). Climate change may be due to 
natural internal processes or external forcing or to 
persistent anthropogenic changes in the composition of 
the atmosphere or in land use (IPCC, 2001). 

Climate Change Projection:

Climate change projection is deined as the difference 
between climate projection and the current climate. 

Climate Projection: 

Climate projection is deined as a plausible and often 
simpliied representation of the future climate.

Regional Climate Models: 
Regional Climate model is deined as a computer based 
mathematical model, which uses quantitative methods 
to simulate the interaction of the atmosphere, Ocean, 
land surface and ice using hydrodynamic equations 
over a region. 

Downscaling: 

Downscaling refers to techniques that take output from 
the model and add information at scales smaller than 
the grid spacing.

Emission Scenario: 

Emission Scenario is a plausible pathway of greenhouse 
emissions of the global. 

General Circulation Model (GCM): 

General circulation model is a mathematical model of 
the general circulation of a planetary atmosphere or 
ocean and based on the Navier–Stokes equations on 
a rotating sphere with thermodynamic terms for various 
energy sources (radiation, latent heat).

Interpolation (Gridding): 

Interpolation is a method of constructing new data 
points within the range of a discrete set of known data 
points.

Kyoto Protocol: 
The Kyoto Protocol is a protocol of the United Nations 
Framework Convention on Climate Change (UNFCCC) 
aimed at ighting global warming.

Lateral Boundary Conditions (LBCs): 
Lateral boundary conditions are the data which use to 
initialize or run the regional climate models, generated 
from General Circulation model.

Numerical Weather Forecasting: 

Numerical weather prediction is a technique which 
predicts the weather using “mathematical models” in 
solving hydrodynamic equations. 

Data Quality Control: 

Data quality control is the process of controlling the 
usage of data with known quality measurement for an 
application or a process. This process is usually done 
after a Data quality assurance process, which consists 
of discovery of data inconsistency and correction.

Web Portal: 

A web portal is known as a links page, presents 
information from diverse sources in a uniied way.
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