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[bookmark: _Toc83036469]Background
SERVIR-Mekong (https://servir.adpc.net/) works in partnership with leading regional organizations to help the five countries in the Lower Mekong Region use information provided by Earth observing satellites and geospatial technologies to manage climate risks. The region includes Cambodia, Lao PDR, Myanmar (Burma), Thailand and Vietnam. The Asian Disaster Preparedness Center (ADPC), a recognized leader in strengthening disaster resilience in Asia, is the prime implementer for SERVIR-Mekong. Three other consortium partners, Spatial Informatics Group (SIG), Stockholm Environment Institute (SEI) and Deltares, assist in implementing the SERVIR-Mekong program and bring exceptional capabilities to help deliver services to the region.

Reservoir Assessment Tool for Lower Mekong Basin (RAT-Mekong) under the SERVIR-Mekong program is developing to support information on reservoir monitoring to the MRC and its member countries in decision making and planning processes for flood and drought management in the Lower Mekong Basin (LMB). The RAT-Mekong is Near Real-Time reservoir monitoring tool using satellite observations and hydrologic model (Biswas et al 2021). The tool will fill the data gap in reservoir monitoring at the basin scale due to limited in-situ data and restriction of data-sharing policy. At present, reservoir information in the Upper and Lower Mekong Basins is important for drought and flood management downstream. 

The RAT-Mekong will support the MRC in development of indicator monitoring of the MRC’s Drought Management Strategy (DMS) 2020-2025 which is referred to reservoir monitoring indicator as well as MRC’s Flood Management and Mitigation (FMM) Strategy 2021-2030. The tool has been identified in the MRC Multiyear work plan 2021-20222 under task 4.1.4.1.7 Develop reservoir assessment tools with ADPC and other partners. Moreover, the reservoir information such as estimated inflows, outflows and storage changes from the RAT-Mekong have potential to support and facilitate implementation of the MRC Procedures including for Procedure of Data Information Exchange and Sharing (PDIES), Procedure for Water Use Monitoring (PWUP) and Procedure for the Maintenance of Flow on the Mainstream (PMFM) of the Mekong River. 

The concept note of the RAT-Mekong is presented to the 7th Regional Expert Group Meeting on Data Modelling and Forecasting (EGDFM) on 3rd March 2021. The member countries acknowledged and approved the RAT-Mekong after the Expert Group Meeting to develop a tool to monitor Near Real-time (bi-weekly) reservoir behavior and reservoir operating rules based on long term records are made available to the public, which can be helpful in data-scarce, or data restricted in the basin. 
[bookmark: _Toc83036470]Objectives of the RAT-Mekong
The overall objective of the RAT-Mekong is to provide near-real-time reservoir monitoring information to assist the MRCS and Member Countries in decision and planning process for drought and flood management in the Lower Mekong Basin. Followings are specific objectives of this tool development.   

1) To regularly estimate changes in reservoir storage, surface area, inflow, outflows, and inferred reservoir rule curve (Bonnema et al. 2016; 2017). 
2) To develop a user-friendly web-interface system to share reservoir monitoring information and integrate into MRC data portal for MRC and relevant users in the Member Countries. 
3) To support MRC to develop reservoir monitoring indicators for decision making and planning in drought and flood management. 
4) To build capacity of the MRCS and Member Countries to enhance reservoir assessment capability using satellite observations and the hydrologic model.

[bookmark: _Toc83036471]Objectives of the WP1
The technical team of the MRC suggested the SERVIR-Mekong team to develop criteria and identify reservoirs for the RAT-Mekong to present to the member countries for approval. On 8 April 2021, The SERVIR-Mekong team has organized the technical meeting with the MRCS team to present and discuss on the criteria for the reservoir selection. Key criteria have been identified according to the suggestions from the MRCS. The MRCS team has provided the updated hydropower and irrigation database to the SERVIR-Mekong team to support selection of the reservoir on 6th June 2021. 

The main objective of this working paper is to present the results of selection of reservoirs for developing the RAT-Mekong in the testing phase to the MRCS team and the Member Countries to seek inputs, suggestions, and agreement. The WP1 also presents the 1st mockup of the Mekong-RAT web-interface as well as tentative plan for capacity building program and workplan. In Annex A of the WP1, we have compared the RAT-Mekong and Dam Monitoring Tool that is developed by Stimson Center as requested by the MRCS team to clarify the differences.
[bookmark: _Toc83036472]Selection of the reservoirs for testing and developing the RAT-Mekong 
4.1 [bookmark: _Toc83036473]Methodology 

A multi-criteria method is used to rank and select the reservoirs in the Mekong Countries for the RAT-Mekong according to agreed criteria with the MRC. Followings are key steps for the analysis. 


Step 1: Define criteria for selection 
Key criteria to rank and select the reservoirs for the RAT-Mekong are defined through consultation with the MRCS team. The selected criteria are presented in Section 4.2 
 
Step 2: Define criteria weights
Weighted sum method is selected for the analysis. Equal weight is applied for all selected criteria.
 
Step 3: Assign scores 
Scoring is assigned by the expert view from the SERVIR-Mekong team through considering data in Section 4.3 and in consulting with the MRCS technical team. Score is vary from 1-5 (1 is not agree with the criteria and 5 is fully agree with the criteria) 
 
Step 4: Compute the matrix of alternative scores and ranking 
Utilising the vectors of criteria weights and the matrix of criteria scores, a global score and hence ranking for each reservoir is calculated using:
 
 [image: ]

where: a is the reservoir, c is the criteria, g is the global score of the alternative, w is the criteria weight and s is the criteria score. A function of the ranking equation, aggregating across each criteria means that trade-offs between criteria in fundamental to the final ranking. The results of ranking are presented in the Annex B. 
4.2 [bookmark: _Toc83036474]Selection criteria
 Followings are four key criteria to rank and select the reservoirs for the RAT-Mekong based on agreement with the MRCS, RFDMC, and SERVIR-Mekong in the technical meeting in April 2021. 

1) Considering availability of satellite data and modelling feasibility 
2) Considering storage reservoir type with large and medium storage capacity (> 10 mil m3) with have significant benefits to flood and drought management. 
3) Considering irrigation areas downstream 
4) Considering impact between upstream and downstream of reservoirs

The MRCS team also suggest considering balancing of reservoir numbers across the Member Countries. Based on technical discussion with the MRCS technical team that we should start from the small number of reservoirs in the testing phase according to data, time, and resources constraints, therefore, we purposed to select three reservoirs for each Member Countries. In total is about 12 reservoirs in the LMB. This number is enough to demonstrate capability in providing key reservoir monitoring information and use to build capacity of the MRCS and the Member Countries.
4.3 [bookmark: _Toc83036475]Data use to consider in the selection process 

Mekong Dams Observatory database which is developed by water, land and ecosystems (WLE, 2021) in the Greater Mekong Project is used as a primary source of the list of the reservoirs in the Mekong Basin. This database includes all types of reservoirs such as hydropower, irrigation and multi purposes reservoirs.  Followings are key data that have been used to consider scores for the multi-criteria analysis.

1) Satellite observation track over the reservoirs
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2) MRC hydropower database  https://portal.mrcmekong.org/hydropower/map
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3) MRC irrigation database 
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4) MRC Planning Atlas 
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5) MRC Flow contribution (1986-2000) to consider major tributaries of the Mekong

[image: MRC - Data Portal]
4.4 [bookmark: _Toc83036476]Results of the selection 

According to above criteria and multi-criteria analysis, twelve reservoirs are selected for developing the RAT-Mekong in the testing phase of the development as presented in the Table 1 and Figure 1. The selected reservoirs include hydropower, irrigation, and multi-purpose dams. The live storage varies from 10-4,700 million m3. Variation of reservoir size will demonstrate capability and accuracy of the RAT-Mekong in monitoring changes in reservoir storage, inflow, and outflow. 

Based on the consultation with the MRCS team, we received the recommendation to add one more reservoir of the Monkey Cheek Project in Thailand to test and support implementation of MRC’s Drought Management Strategy 2020-2025.

It is noted that the number of existing reservoirs can be added more into the RAT-Mekong in the next stage (or Phase 2) when the member countries satisfy the results and outcomes of the tool applications.  

Table 1. List of the selected reservoirs

	No
	Project name
	Country
	River
	Purpose 
	Live storage (mil m3)

	1
	Battambang 1
	CAM
	Sangker
	Multi
	1,040

	2
	Lower Sesan 2
	CAM
	Se San
	Hydropower
	379.4

	3
	Phumi Svay Chrum
	CAM
	 
	Irrigation 
	180

	4
	Nam Ngum 1
	LAO
	Nam Ngum
	Hydropower
	4,700

	5
	Nam Theun 2
	LAO
	Nam Theun
	Hydropower
	3,378.4

	6
	Nam Mang 3
	LAO
	Nam Mang
	Multi
	45

	7
	Lam Pao
	THA
	Lam Pao/Huai Yang
	Irrigation 
	1,980 

	8
	Siridhorn
	THA
	Lam Dom Noi
	Multi
	1,135

	9
	Ubol Ratana
	THA
	Nam Pong
	Multi
	1,695

	10
	Nam Ton
	THA
	Nam Ton
	Monkey Cheek Project 
	41

	11
	Sesan 4
	VN
	Se San
	Hydropower
	264.16

	12
	Sre Pok 4
	VN
	Sre Pok
	Hydropower
	10.11

	13
	Yali
	VN
	Se San
	Hydropower
	779.02
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Figure 1. Location of the selected reservoirs in the Member Countries 
[bookmark: _Toc83036477]Design of web-interface (1st mockup)
Figure 2 below presents the 1st design of the web-interface of the RAT-Mekong. There are three main expected outputs from the tool including estimated inflows, outflows and storage changes at the selected reservoirs. Time series data will be presented every 14 days (bi-weekly). The main functions in the web-interface will include following elements. 
· Introduction and guideline for tool applications 
· Visualization including maps, graphs and table forms
· Reporting and exporting functions
· Filter function to present the results according to end-user needs.

Main data to be presented will include following information. 
· Storage change
· Inflows and outflows
· Reservoir surface area
· Inferred reservoir rule curve 
· Basic information of the reservoir characteristics 
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Figure 2. The first design of the web-interface of the RAT-Mekong
[bookmark: _Toc83036478]Capacity building programme
The training agenda for the member countries and MRCS team to build knowledge and skill in application of the RAT-Mekong is purposed below. 

Module 1:  Overview RAT-Mekong, methodology and modelling 
· Overview of RAT-Mekong including architecture and methodology 
· VIC modeling for simulating inflow to reservoir 
· Modelling reservoir storage change and outflow
· Area-elevation curve generation from DEM 
							
Module 2: Web-interface (User-interface) 
· Key functions and visualization 
· Exporting the data 
Development of Reservoir Assessment Tool for Lower Mekong Basin (RAT-Mekong)
· Reporting and writing bulletin 
2

· 
[bookmark: _Toc83036479]Work Plan 

Table 2 presents the workplan for developing the RAT-Mekong from Oct 2021-May 2022. The full version of the RAT-Mekong prototype will be completed in Feb 2022 for testing. The launching version in the MRC data portal is planned in May 2022. The capacity building program for the Member Countries is planned to organize in Dec 2021 and Feb 2022.
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[bookmark: _heading=h.30j0zll][bookmark: _Toc83036481]Annex A: Comparison analysis of the RAT-Mekong (SERVIR-Mekong) and the Mekong Dam Monitor (Stimson Center)
 
Background
The RAT-Mekong developed by USAID and its SERVIR-Mekong project, is an open-access system for monitoring and forecasting water storage changes, water levels, and water inflow/outflow of dam reservoirs in the Lower Mekong region. The Mekong-RAT caters the needs of the Mekong River Commission (MRC), a regionally mandated agency for water resource management, and supports decision making related to flood and drought management for the Lower Mekong region. It combines remote sensing data with hydrological modeling and presents its outputs on an interactive web platform. 
The Mekong Dam Monitor (MDM) has been developed by the State Department and the Stimson Center. It is an online platform which uses satellite imagery, remote sensing data and analyses to provide near-real time reporting of data such as water levels and water storage changes for dam reservoirs in the Upper and Lower Mekong Basins to support hydropower production applications. It was also aimed to increase the transparency and access to reservoir data by the general public.

Tool Purposes
The main purposes of the RAT-Mekong and the MDM are different. Target users are also different. The Mekong-RAT has been developed to provide information of reservoir monitoring to assist the MRC in decision making and planning processes to better manage floods and droughts in the Lower Mekong. The Mekong-RAT works with the SERVIR-Mekong flood and drought forecasting tools, together forming a comprehensive package that helps users manage on-going floods and droughts and plan for future events. The MDM is designed for transparent and evidence-based monitoring of Mekong mainstream and major tributary dam operations and downstream hydrological impacts (alterations to hydrological flow) to increase information transparency and access to water data by the public.

Table A1 shows comparisons between the RAT-Mekong and the MDM from different perspectives.
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ERVIR-Mekong Symposium event report

USAID/RDMA

Mekong Reservoir Assessment - Mekong-RAT
Co-develop with the MRC the Mekong-RAT tool, including re-calibration and

validation of the model outputs (in case additional datasets are provided by
MRC)

Design and develop a front-end web interface of the Mekong-RAT
Develop a database or produce a simple version of online reservoir monitoring
report

Support the MRC to set up Mekong-RAT in MRC environment (MRC portal)

Trainings/Workshops

Training of Mekong-RAT for the end users of Member Countries
Consultation meetings/Technical working group with MRC on Mekong-RAT

Enabling sustainable landscape-scale agricultural
management through fire and air quality monitoring
Tool Development

Validate and downscale forecasted PM2.5 data from 25x25 km to 5x5 km for
the lower Mekong countries

Incorporate Sentinel-5P datea into the tool for nowcasting feature and mobile
friendly interface

Trainings/Workshops
An air quality session at the SERVIR-Mekong Symposium
Gender needs and gaps assessment in the management of air quality and

agricultural burning in Thailand
Trainina and/ar wiarkchan randictad with TINESCAD

FY22 work plan
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Oct Nov
Outputs 2021 2021

- Agreement of reservoir selection by the
member countries
- Calibrated model

The Mekong-RAT operational on the
SERVIR-Mekong website

Prototype Mekong-RAT bulletins

Mekong-RAT bullettins integrated into MRC
portal to available to the public

Training report
Technical working report

Mekong AQ Explorer ver.2 with accuracy of
forecasted pm2.5 data improved and resolution
increased

Mekong AQ Explorer ver.3 with nowcasting
functionality and mobile friendly interface

ERVIR-Mekong Symposium event report
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Mekong-RAT

Mekong Dam Monitor (MDM)

Purpose

to enhance Flood and Drought Management with reservoir
monitoring and forecasting

Lower Mekong focused

for near-real time monitoring of dams and environmental impacts in the Mekong
Basin

Upper- and Lower-Mekong focused

Stakeholders

Co-developers:

Users:

MRC, SERVIR University of Washington and University of Houston
MRC, USAID, State Dept, Public

Eyes On Earth
Public, State Dept, MRC

User Interface

Alerts/ Social Media

https://depts.washington.edu/saswe/rat_beta/index.html

https://www.stimson.org/project/mekong-dam-monitor/

(This is a developer's version.A user version will be made later)

No

Yes

Tool Hosting

ADPC hosts it; under discussion with MRC if they want to host their
own version

Stimson Center host data and work with Eyes on earth to generate and review
weekly updates

Open datalopen science:

Open source science, code openly available, allowing replication
Data openly visualized in tool https://doi.org/10.1016/L.envsoft.

Data openly visualized on tool.
https://www.stimson.org/2020/mekong-dam-monitor-methods-and-processes/

2021.105044

Key Capabilities/Outputs

Historical data:

Real-time observation:

Historical reservoir surface water areas,
Historical water levels,
Historical rainfall

Biweekly inflow/outflow from reservoirs,
Biweekly water level,

Biweekly storage change,

Biwekly surface area variation

(all above will be upgraded to weekly)

Historical reservoir volume data, shown in graphs by year,
Historical precipitation anomaly
Historical Temperature anomaly

weekly water level,

weekly volume (storage) estimation,
Wetness Index;

Temperature anomaly;

Precipitation anomaly,

Forecast: Forecasted rainfall (30-45 days ahead) No
Forecasted inflow (30-45 days ahead)
Forecasted water level and volume change (30-45 days ahead)
Methodologies
Approach: Remote sensing and hydrological modeling based Remote sensing based and natural flow model
Satellice daca: Reservoir surface water extent: Landsat 8, Sentinel- |, Sentinel-2 Reservoir surface water extent: Sentinel-| SAR GRD, Sentinel-2 MSI,

Sustainability

Elevation data: SRTM 30m resolution

Water level: Jason-2 and Jason-3, Sentinel 3A and Estimated from
surface water extent and DEM (subtraction)

Rainfall: CHIRPS,

Data for VIC hydrological model: FAO Harmonized World Soil
Database, GLCC (global LU/LC), Temperture and windspeed by
NOAA NCEP/Climate Prediction Center

Elevation data: JAXA ALOS World 3D- 30m (AW3D30)

Percipitation : GPM IMERG ([Precipitation anomaly)

SERVIR-Mekong co-developed Mekong-RAT with MRCS,RFDMC and
MCs and also provide the trainings
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