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Terms of Reference 

Procurement of Consultancy Firm for Developing an Multi-Model Ensemble system for 

Medium-Range Weather Forecasting for Bhutan 

 

1. Background 

Bhutan is a Himalayan country with a mountainous landscape, fragile ecosystem, and diverse agro-

climatic conditions making it highly vulnerable to multiple hazards such as extreme rainfall, flash 

floods, floods, landslides, etc. Being able to predict these events accurately with sufficient lead 

time enables people to prepare and reduce the loss of lives and properties. Longer lead time 

forecasts are crucial for effective anticipatory actions. With advancements in weather and climate 

science and information, there is an increasing demand for these services. The National Centre for 

Hydrology and Meteorology (NCHM) is mandated to provide accurate, reliable, timely, and 

consistent weather information to the nation. NCHM currently provides a daily weather forecast, 

a three-day weather forecast, and a seasonal outlook. 

Medium Range Weather Forecasting (MRWF) provides weather information beyond 72 hours and 

up to 240 hours (3-10 days). The Centre piloted MRWF in the middle of 2020 with support from 

the National Center for Medium-Range Weather Forecasting (NCMRWF), Government of India. 

NCMRWF Unified Model (NCUM) global Numerical Weather Prediction (NWP) system has been 

used for medium-range weather prediction at NCMRWF since 2012. However, the utilization of a 

single model, while beneficial, often presents limitations in capturing the full spectrum of 

atmospheric dynamics and potential weather scenarios. This limitation underlines the necessity for 

the development of a system based on a multi-model ensemble approach. The development of a 

web-based tool that will ensemble model outputs from various sources for medium-range 

forecasting will capacitate NCHM to provide weather forecast information for up to 10 days. The 

increase in the lead time of the forecast will enable a wide range of sectors, including agriculture, 

disaster management, water resources, and tourism for effective preparation and response to 

impending hydrometeorological hazards. 

2. Objective 

NCHM is one of the Implementing Agencies of the World Bank Project “Strengthening Risk 

Information for Disaster Resilience in Bhutan”. Under the Project, NCHM will develop a Web-

based Tool to Ensemble Model Outputs for Medium-Range Weather Forecasting (MRWF). The 

objective of the activity is to establish a medium-range weather forecasting system for rainfall and 

temperature for 10 days using a multi-model ensemble system; to develop a visualization system 

for MRWF. The tool should enhance the accuracy and reliability of weather predictions by 

providing users with consolidated data from multiple model runs. 



The statistical verification of the forecast from NCMRWF (current MRWF forecasting system) 

has shown that the forecast has some bias in both rainfall and temperature. Hence, it is proposed 

to develop a web-based tool that can ensemble MRWF models from various sources to improve 

accuracy. This will enable NCHM to extend the forecast lead time from 3 days to 10 days for 

critical decision-making in sectors such as agriculture, transportation, and disaster management. 

Hence, it is proposed: 

a. To establish a medium-range weather forecasting system for rainfall, temperature and wind 

for 10 days using a multi-model ensemble system. 

b. To estimate skill scores for identifying weightage values for each model. 

c. To develop a web-based visualization system for MRWF outputs.  

d. To Build Associated Verification system 

e. Exploring integration of multi-model post products with smartmet 

3. Scope of the Work 

The work will involve 

a. Gathering all observation and model data and making statistical analysis to test the skills 

of the models over Bhutan 

b. Study resolution suitability for the multi-model ensemble system 

c. Developing multi model ensemble system  

d. Design and architecture of the web-based tool  

e. Development, operating, and testing of the web-based tool  

f. Built associated verification system 

g. Documentation: technical documentation including architecture diagrams with details and 

specifications and manuals. Procedures and Manuals guidelines for operation and 

maintenance.  

h. Training and hand-taking of the web-based tool to NCHM 

A multi-model ensemble (MMES) system will be developed at the district level in Bhutan for 

establishing the MRWF system. Different verification scores like Correlation Coefficient (CC), 

Root Mean Square Error (RMSE), Mean Bias, Probability of Detection (POD), False Alarm Ratio 

(FAR), Equitable Threat Score (ETS), Critical Success Index (CSI), etc. will be calculated for the 

evaluation and for calculating weightage for each model. The mean of all grid points within the 

district boundary polygon will be computed for each model and will be represented as the weather 

parameter of that region. The icosahedral grid-type dataset from the ICON model will be regridded 

to a regular lat-lon grid to estimate forecasts. Variation in the resolution of the models will be 

studied to identify the best resolution to be used for the MRWF system. An auto-verification 

process shall also be included in the system.  

The web-based tool will first be developed on the firm’s server and subsequently transferred to the 

NCHM server (specification provided below) after finalizing the web-based tool. 



The statistical guidance on the pilot will be used to prepare a 10-days medium-range outlook and 

should be updated at least once a week. The final ensemble forecast after verification will later 

replace the 3-day weather forecast integrated into the Agriculture Decision Support System for 

weekly agromet advisories. The following models will be considered to develop the MRWF 

system, but not limited to; 

a. Global Forecast System (GFS) 

b. ECMWF: Integrated Forecasting System (IFS) and Artificial Intelligence Integrated 

Forecasting System (AIFS) 

c. Icosahedral Non-Hydrostatic Model ICON 

d. NCMRWF regional unified model (NCUM-R) 

NWP Products Details 

NWP Models  Details Resolution 
(KM) 

Lead time 
(Days) 

GFS Global Forecast System (GFS): Deterministic  
Cycle: 00Z, 06Z, 12Z, and 18Z; Grid type: Lat-Lon 
Link 

28 x 28 16 

ECMWF (IFS) Integrated Forecasting System (IFS): HRES Set-I 
Deterministic 
Cycle: 00Z, and 12Z; Pressure Level: 13; Grid type: Lat-
Lon 
Link 

 

28 x 28 10 

ECMWF 
(AIFS) 

Artificial Intelligence Integrated Forecasting System 
(AIFS) 
Cycle: 00Z, and 12Z; Pressure Level: 13 
Link 

28 x 28 10 

ICON Icosahedral Non-Hydrostatic Model: Deterministic  
Cycle: 00Z, 06Z, 12Z, and 18Z; Model Level: 90; Grid 
type: Icosahedral  
Link 

13 x 13 7.5 

NCMRWF NCMRWF regional unified model (NCUM-R): 
Deterministic  
Cycle: 00Z, and 12Z; Model Level: 70; Grid type: Lat-Lon 
Link 

12 x 12 10 

 

 

The server for MRWF will be provided from NCHM with minimum specifications of: 

https://nomads.ncep.noaa.gov/pub/data/nccf/com/gfs/prod/
https://data.ecmwf.int/forecasts/
https://data.ecmwf.int/forecasts/
https://www.dwd.de/EN/ourservices/nwp_forecast_data/nwp_forecast_data.html
ftp://bhutan@ftp.ncmrwf.gov.in/


● 2 x 64 core AMD EPYC processor 

● 512 GB RAM 

● 2x1.2TB SSD (RAID-1) 

●  4 x 2.4TB HDD (RAID-10) 

●  Integrated graphics card 

● Windows and any linux architecture comparable 

● 220-240 V(± 10%), 50/60 Hz (±2Hz),4.3-5.6 Amp 

4. Expectations on Capacity Building and Communication 

It is the expectation of NCHM and other RGoB agencies that the Consultant will work in close 

collaboration with RGoB agencies and will transfer all knowledge and tools required to repeat any 

analysis undertaken during this assignment.  

5. Duration of the Assignment and Delivery Schedule 

The duration of the contract will be 122 days from contract signing, with deliverables due as 

specified in the table below. The tool will be developed and installed on NCHM's server. 

Sl 

No 

Assignments Onsite/Offsite No of Days 

1 Submission of report on the identified models,  

process hindcast and forecast data, and suitability of 

the  final model resolution for Bhutan 

Offsite 10 

2 Collect and process observation data  Offsite  

3 Development and presentation of the prototype of the 

web-based tool to ensemble the models 

Offsite  50 

4 Onsite discussion with NCHM on a developed 

prototype with the architecture of the web-based tool 

Onsite 

 

9  

5 Complete the prototype of the multi model ensemble 

system and visualization web-based tool and its 

testing. Develop auto verification for the system 

Offsite  40 

6 Migration of the multi model ensemble system and 

visualization web-based tool to the NCHM server and 

train NCHM IT/meteorologist to troubleshoot the 

server issues. Provide manual documents 

Onsite  

 

9 



7 Train the NCHM and Agromet staff in the operation 

of the web-based ensemble model system with 

manual documents 

Onsite  

 

3 

8 Hand over the system to NCHM with the 

documentations/manuals and completion Report 

Onsite  

(1 day) 

1 

Total 122 

6. Requirements for Key Experts and Project Personnel 

Organizational Attributes 

In addition to meeting the specifications of the Key Experts, the Consultant’s organization must 

demonstrate the following attributes: 

● Deep domain knowledge of weather and climate services, meteorological principles, 

forecasting models, and ensemble techniques.  

● Capability to handle large datasets and integrate data from multiple numerical weather 

prediction models. Experience with data processing, storage, and retrieval mechanisms 

suitable for meteorological data. 

● Proficiency in web development frameworks  

● Ability to collaborate effectively with interdisciplinary teams and translate scientific 

requirements into technical solutions. 

● Understanding of multi-hazard risk assessment and risk communication. 

● Proven tools and expertise for assessing institutional capacity for weather, climate, and 

disaster preparedness. 

● Experience in government stakeholder engagement and implementation of effective 

capacity-building programs. 

● Familiarity with working conditions and arrangements in Bhutan or the Indian sub-

continent. 

Key Experts   

The Consultant is required to propose a project team that meets the following criteria.  

Note that Fluency in English (written & spoken) is essential for all roles. 

 

 

 



 

 

 

Sl 

No 

Key Expert Role Candidate Minimum Specifications Expected Input 

 Weather and 

Climate Expert/ 

Team Leader  

(1 person) 

● Over 10 years of relevant 

project experience in web 

development and design 

activities for weather and 

climate.  

● A Master's degree or above in 

Meteorology, Atmospheric 

sciences. 

● Meteorology knowledge with 

concepts and understanding of 

meteorology and ensemble 

modeling for Himalayan 

countries. 

● Meteorological data analysis 

and system development, using 

common programming 

languages such as R, and 

MATLAB.  

● Proficiency in web 

development tools including 

HTML, and JavaScript. 

● Understanding of database 

management systems, SQL, 

and experience in data 

integration, processing, and 

visualization tools. 

● Model integration and 

optimization  

Responsible for 

handling and analyzing 

meteorological data, 

implementing statistical 

analysis and 

visualization, and 

ensuring data quality 

and accuracy.  

Also responsible for 

looking after the overall 

implementation of the 

assigned work.  

2 IT/Software 

Developer 

(2 people) 

● Over 10 years of relevant 

project experience in IT and 

development of web-based 

systems and design activities.  

● A Bachelor’s Degree or above 

in IT, Computer Engineering, 

Data Science 

● Technical Skills in 

Responsible for both the 

backend and landing 

page development, 

implementing data 

processing, and 

designing and 

developing the user 

interface of the web-



programming languages such 

as Python, JavaScript, or Java, 

web development 

frameworks/libraries, database 

management systems 

● Expertise in server 

management: security and 

performance tuning. 

● Software development, 

troubleshooting and debugging 

based tool. 

 

7. Presentation of Price 

The Consulting firm is expected to present a lump sum price for completion of all tasks. Daily and 

weekly fee rates for each Key Expert must also be provided. 

 

Sl 

No 

Deliverables Payment percentage 

1 Report on the identified models,  process hindcast and forecast 

data, and suitability of the  final model resolution for Bhutan 

 

30% 

2 Report on the prototype of the web-based tool to ensemble the 

models 

3 Report on the development of multi model ensemble system and 

visualization web-based tool completed and operational 

 

 

  

 

40% 
4 Report on the migration of the Multi model ensemble system and 

visualization web-based tool to the NCHM server 

5 Report on the developed auto verification system for the multi 

model ensemble system 

6  Report on the training provided to NCHM IT/meteorologist to 

troubleshoot the server issues and submitted troubleshooting 

guidelines 

 

7 Report on the training provided to NCHM and Agromet staff in 

the operation of the web-based ensemble model system and 

submitted operation manual 

30% 



8 Hand over the system to NCHM and submitted completion 

Report 

 

8. Selection Method 

The contract is to be awarded on a lump sum basis. The firm will be selected following the World 

Bank’s Procurement Rules and Regulations. The CQS (Consultant Qualification Selection) 

method to be used to select the firm. 

 

9. Implementation Arrangements: 

Consultant Responsibilities 

The Consultant’s Team Leader will be the principal contact and will be expected to be readily 

available during project implementation. The Consultant shall be responsible for all aspects of the 

performance of services as outlined in the components of this TOR. The Consultant will work 

closely with NCHM and will report to the NCHM Task Team Lead. The World Bank will also 

maintain a close oversight of the implementation and the Consultant may be expected, at times, to 

report on progress to the World Bank. 

Contractual Terms 

The contract is to be awarded on a lump sum basis. 

Working Language 

The working language for this project shall be English for communication with the NCHM, RGoB 

agencies, and the World Bank. All final deliverables shall be in English. 

10. Inputs to be provided by the NCHM 

NCHM will be responsible for the following provisions:  

● A focal officer for the assignment at NCHM will support with formal communications. 

The focal officer will also liaise with the firm’s national coordinator who will be 

responsible for coordinating and organizing meetings and stakeholder workshops with 

relevant stakeholders.  

● Available hydromet data for integration into the system. 

● Existing models at NCHM. 

● Provision of all available prior reports and datasets relating to weather and climate in 

Bhutan.  



● Senior-level oversight and guidance.  

● Official correspondence with other stakeholders for requesting data, information, and 

coordination purposes 

● Working space in NCHM 

● Access to a dedicated server with minimum specifications provided earlier) for developing 

MRWF  

 

 

 

 


