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EXECUTIVE SUMMARY

This report is Deliverable 5 of Activity 2.2 of the Climate Technology Centre and Network
(CTCN) technical assistance to Myanmar entitled ‘Strengthened drought and flood management
through improved science-based information availability and management’ (reference number
2016000035). It is funded by Green Climate Fund (GCF) Readiness and preparatory support
funding. This technical assistance is implemented by DHI in cooperation with the Climate
Change Division of the Environmental Conservation Department (ECD), Ministry of Natural
Resources and Environmental Conservation (MONREC). The ECD is the National Designated
Authority (NDA) of the GCF.

A web portal developed by DHI provides access to state-of-the-art remote sensing data and
information, tools and reporting abilities, for flood and drought management, water resources
and water related sectors in Myanmar. The portal address is:

more can be found in the “Technology specifications and methodology for testing and validation”
report (Deliverable 3 of Activity 1.3). DHI will keep the system running for the period of 5 years
and is responsible for its maintenance.

This deliverable is documenting the outcomes of a high-level meeting for project upscaling on
the 1st of April 2019 at the ECD office in Nay Pyi Taw; the second technical 3-day training that
took place from the 2nd to 4th of April 2019 in Nay Pyi Taw; followed by another technical
training day on the 5th of April 2019 for stakeholders in Yangon.

The ECD and technical assistance team met with high level technical experts from the
Departments of Meteorology and Hydrology (DMH), of Disaster Management (DDM), the Survey
Department and the Population Department, to share knowledge of the current situation in
Myanmar regarding data portals deliver live demos of their platforms and each institution was
asked about whether there are any links between their portals and the Myanmar F&D portal.
Additionally, potential roles each institution have in its conceptualization and the upscaling
project itself. As next steps, each of the four institutions will refer to their respective Director
Generals and return to the Climate Change Division with final conclusions.

The second technical training took place in Nay Pyi Taw from the 2" to the 4t of April, with a
total of 35 people (16 are female and 19 male) in attendance across the three days, and the
presence of Deputy Minister Dr Ye Myint Swe who officially opened the event. The training
focused on remote sensing data, application of indicators for Myanmar and the newly added
Crop Application. The Crop Application provides a crop and region-specific crop calendar based
on global datasets and allows the user to calculate crop water requirements and yield estimate
for specific crop.

The methodology and validation results for specific locations in Myanmar and portal datasets as
selected by stakeholders are also presented herein. The datasets are satellite rainfall from
different sources and satellite drought related indices. The methodology is a key deliverable as it
is intended to be applied by users and replicated to other datasets and other locations in
Myanmar. Validation is a crucial step before application of remote sensing data is done, as it
provides a measure of accuracy and reliability at a specific location.

This technical assistance will come to an end with the final deliverable of Activity 3, the Lessons-
learned and Roadmap report, including recommendations for further development of the portal,
and for linkages with national policy development, and informing the design of a Draft GCF
Concept Note which will be attached to the report. Activity 3 will also include the final workshop,
date yet to be established.
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Background

1 Background

This report is Deliverable 5 of Activity 2.2 of the Climate Technology Centre and Network
(CTCN) technical assistance to Myanmar entitled ‘Strengthened drought and flood management
through improved science-based information availability and management’ (reference number
2016000035). It is funded by Green Climate Fund (GCF) Readiness and preparatory support
funding.

This technical assistance is implemented by DHI in cooperation with the Climate Change
Division of the Environmental Conservation Department (ECD), Ministry of Natural Resources
and Environmental Conservation (MONREC). The ECD is the National Designated Authority
(NDA) of the GCF.

A web portal developed by DHI has been set up for Myanmar providing free and easy access to
data and information for flood and drought management, water resources and water related
sectors ( ). DHI will keep the system running for the period of 5
years and is responsible for its maintenance.

The activities focus on workshops and training, validation of selected datasets of the web-portal,
generating a strong user community, and providing guidance to the ECD and other stakeholders
for the drafting of a GCF Simplified Approval Process (SAP) Concept Note for upscaling of the
outcomes of the technical assistance including installation of the portal in Myanmar.

The purpose of this report is threefold:

- To document the high-level meeting for project upscaling on the 1st of April 2019 at the ECD
office in Nay Pyi Taw;

- To document the second technical 3-day training that took place from the 2" to 4™ of April
2019 in Nay Pyi Taw; followed by another technical training day on the 5™ of April 2019 for
stakeholders in Yangon.

- To present the final methodology for validation and results obtained during this technical
assistance.

2 Project upscaling meeting

This technical assistance is funded by GCF readiness funds and support to drafting a concept
note of a larger project is being provided. The future project has as key element the scale up of
use and ongoing management of the portal throughout the country. On the 20t of February
2019 the first guidance session on how to draft a GCF Concept Note was held at the ECD office
with ECD staff. Participants started out by going through a sequence of brainstorming exercises
to define:

« the purpose of their projects,

+ the outcomes,

« the specific objectives, and finally

* 4 activities/tasks to accomplish each objective

Three draft concept notes were initiated and a plan to merge these into one was set out under
the guidance of Director General (DG) U Hla Maung Thein. It was concluded that the project
conceptualized met all the GCF SAP Concept Note requirements:

* Ready for scaling up

The expert in WATER ENVIRONMENTS 1
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+  Potential for transformation

+  Promoting a paradigm shift to low-emission and climate-resilient development
* Up to 10 million USD

*  Minimal (to none) social risks and impacts

On the 1st of April 2019 at the ECD’s office at MONREC, Nay Pyi Taw, a meeting with high level
technical experts from ECD, Department of Meteorology and Hydrology (DMH), the Department
of Disaster Management (DDM), the Survey Department and the Population Department was
held to discuss the upscaling of the outcomes of this technical assistance. There were 16
participants in the meeting and 8 were female.

These institutions were selected due to the fact that they are key stakeholders in this technical
assistance, both producers and consumers of data, and are involved in the Onemap Geoportal

, @ spatial database used to share data from
different institutions amongst institutions. It is developed by the Centre for Development and
Environment (CDE), University of Bern, Switzerland.

The topic of discussion was the upscaling of the current portal and finding the overlap and
synergies with existing platforms/portals in Myanmar. Specifically, the following points were
covered:

+  Brief overview of the technical assistance

*  Demo of the portal by DHI

+  Existing platforms presentation by DMH, DDM, Survey and Population
Department

*  Overlap and synergies

»  Plan for upscaling group discussion

*  Next steps

The participants were asked to come prepared by filling out a table with a summary of their
platforms. Below is the table filled out for the Myanmar Flood & Drought Portal.

Table 2.1 Description of the web portal delivered during the GCF funded CTCN technical assistance

The data in the portal is mostly remote sensing data coming from global databases
and reputable and widely used sources such as NASA and NOAA.

Overview There are two types of datasets:

- Raw data originating from different data sources (e.g. rainfall from CHIRPS,
rainfall from TRMM, etc.)

- Processed data calculated by the portal based on the raw data (e.g. drought
indicators, vegetation indicators, etc.)

There are currently 111 datasets for Myanmar, here is a short list of key items:
- Rainfall: historic; near real time; medium range forecast; seasonal forecast
- PET
- Temperature
Data types - NDVI
- Climate Change projections: rainfall; PET and temperature
- Drought and flood indicators: SPI, SWI, VHI, CDI, ASI, HAND, FFPI
- Flood Hazard maps
- Night lights maps
amongst others.

DATA & INFORMATION
Visualization, easy and fast download of time series and raster files.

Functionality REPORTING
Automatic update of reporting templates (Word documents) uploaded by users; with a
user specified weekly frequency a report is also automatically emailed to the user.

ISSUE ANALYSIS
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Tool to assist in the identification, understanding and prioritizing key environmental
issues; WRIAM and CCA methodologies.

WATER INDICATOR
Library of different indicators setting up stakeholders on the building of frameworks to
monitor and evaluate the key issues identified.

DROUGHT ASSESSMENT
Tool to detect when and if a drought hazard might occur and the location and severity
of the hazard; and assess risk based on map overlay of hazards and vulnerability.

CROP APPLICATION
Tool to access all data, information and tools related to crop phenology, crop water
requirements and crop yield.

Users Government institutions and Academic community

Confidentiality | Publicly available

Access Running for 5 years free for all users

Both the DDM and DMH came prepared with this information and additionally did live demos of
their platforms. The next sections summarize the findings and a summary of the findings and
agreed next steps.

Department of Meteorology and Hydrology

The DMH use 4 platforms. Their public platform was
presented. It has an Early Warning System, daily weather forecasts (e.g. rainfall, temperature,
wind speed, wind direction), Weather Research and Forecasting (WRF) model outputs, public
advisories, bulletins (flood, navigation, agro-met 10days, monsoon rain, amongst others),
MTSAT satellite image, 4 times a day update (Japan); and flood hazard map calculation maps
for different cities (free download).

The other two platforms are internal, one of them being the WMO Flash flood guidance system
by developed by WMO and HRC

. The other one is the Flood warning and advisory
system for Myanmar available at (restricted access). This system
contains hydrological forecast, rainfall forecast and telemetry data.

The fourth is currently under development, , supported by the World
Bank, that is used to produce flood maps, calculate the population affected and the return
periods for flood events.

Department of Disaster Management

The DDM indicated that their department is only an end user for disaster preparedness
purposes. They have two portals: Myanmar Disaster Risk Information Portal and the Historical
flood analysis tool.

The first one is being built by DDM intended to be their main portal for both planning and also
real time national scale systems. It covers river flood hazards, cyclone storm hazards,
determining exposure including critical infrastructure, risk assessments and allows creation of
their own maps. It is also for data storage and archiving. The web address is not available.

The Historical flood analysis tool, , by the SERVIR-Mekong program. It
was built using the Joint Research Centre (JRC) Global Surface Water dataset of NASA. The
JRC dataset contains maps of the location and temporal distribution of surface water from 1984
to 2015 and provides statistics on the extent and change of those water surfaces.

The expert in WATER ENVIRONMENTS 3
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They utilize the population 2014 census and the tool for planning for preparedness and disaster
response, to assess which townships are exposed, how many households are at risk of flood,
which areas to prioritize to open township level offices, to name a few tasks.

Population Department
Population department representative did a demonstration of the website
which has interactive mapping functionality with Onemap support.

The most important database currently is the census carried out in 2014. This is maintained in a
platform named REDATAM of free access, located on a local web server containing census data
and different selection functionalities, including an online and offline process.

Survey Department

The Survey Department does not have web portal, but there are future plans for this. They have
in their archives topographic maps of different scales (1:100,0000 and 1:200,000, Myanmar
datum, UTM 46 and 47 projected coordinate system). They receive technical support from
Onemap Myanmar. The Survey Department is responsible for the continuous operation of 4
reference stations in Myanmar.

Conclusions

Based on the demo and information collected above, each institution was asked about whether
there are any links between their portals and the Myanmar F&D portal. It was considered that a
more in-depth analysis would be required from their side to reach a conclusive response.
However, it was noted that the portal is very important for the implementation of the 2030
Climate Change National Strategy and considering a potential evolution towards a decision-
making portal within a future project.

The existence of a Concept Note from November 2016 was brought up, named Enhancing
Climate Resilience in the Third Pole, and involving Afghanistan, Bangladesh, Bhutan, Myanmar,
Nepal and the World Meteorological Organization (WMO). It was agreed that its status would be
enquired about. The proposed project sought to “strengthen the use of weather, water and
climate services in the Third Pole region to adapt to climate variability and change and to apply
well-informed risk management approaches.” Even though it was an international concept note,
there are components of interest and there might be the opportunity for using it as a reference
for the new concept note. It was confirmed that the WMO is no longer a GCF accredited entity.

Finally, based on the information shared we discussed: what role, if any, would each institution
have, how to go about upscaling project conceptualization in a concerted manner, what would
be the executing entities, what would be the accredited entity. As next steps, each of the four
institutions will refer to their respective DGs and return to the Climate Change Division with final
conclusions.

The outcome of the meeting was shared knowledge of the current situation in Myanmar

regarding data portals and next steps towards making an informed decision for the upscaling
project.
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3 Technical training

The second technical training took place in Nay Pyi Taw from the 2" to the 4t of April, hosted
by the Environmental Conservation Department (ECD), Ministry of Natural Resources and
Environmental Conservation (MONREC) and the technical assistance team. There was a total of
35 people (16 are female and 19 male), in attendance across the three days (see Appendix C
for attendance register) and it was honoured by the presence of Deputy Minister Dr Ye Myint
Swe who officially opened the event.

Figure 3.1  Deputy Minister of MONREC Dr. Ye Myint Swe and Senior Water Resources Specialist of
DHI Hans Christian Ammentorp during official opening remarks.

The national media was also present namely MRTV and SkyNet broadcasters, covering the first
day of the technical training.

oL el
\»mar Flood and Drought Portz
Technical Training

Figure 3.2 Media coverage of the event, in the image Daw Thin Thuzar Win giving an interview to
MRTV regarding the ECD’s efforts in this technical assistance and the portal.

In attendance were the Department of Agriculture (DOA) and the Irrigation and Water Utilization
Department from the Ministry of Agriculture Livestock and Irrigation (MOALI); the Department of
Meteorology and Hydrology (DMH), Ministry of Transport and Communication (MOTC); the
Disaster Management Department, Ministry of Social Welfare Relief and Resettlement
(MOSWRR); and Yezin Agricultural University (MOALI) and the Department of Agricultural
Research (DAR, MOALI).

More on attendance and participant feedback and evaluation can be found in chapter 3.3 and
Appendix C.

The specific objectives of the training session were:

+ toinform on the status of the ongoing CTCN technical assistance;
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» to continue to train technical specialists in use of the portal, from national
institutions in Myanmar, within the flood and drought, water resources and
disaster management framework;

* to receive feedback from participants on their use of the portal and application of
the data carried out in their own tasks. We will be covering the topics of remote
sensing data, indicators and the use of the crop application.

The portal provides access to state-of-the-art remote sensing data and information, tools and
reporting abilities, for Myanmar. The portal address is:

a screenshot of the homepage is in Figure 3.3. More can be found in the Technology
specifications and methodology for testing and validation report (Deliverable 3 of Activity 1.3).

Myanmar Flood and Drought Portal C:t

(
\¢, Management

Last Update: 2019-04-08 User: sismm  Workgroup: Public ~ Area: Myanmar & 7

This portal provides access to state of the art remote
sensing data and information, tools and reparting L

abilities. The objective is to strengthen the basis for -'O‘-

informed flood and drought management action by [l

enabling the stakeholders to use satellite data to support

the existing ground station data for climate change

adaptation measures.

Specific support has been provided by Climate ISSUE ANALYSIS WATER INDICATOR DATA AND DROUGHT ASSESSMENT

LI it gy L Cerie e e e R G s e Causal Chain analysis and Identifywater related indicatars INFORMATION Lacate and identify hazards,

assistance for Promoting data for climate change. 'WRIAM. Understand and tosupport management and Accesstonear real-time data. estimate impacts and provide

drought and flood ment in Myanm prioritise the causes behind decision-making. Flood and drousht indices. risk assessment.
issues,

Climate forecast and climate
In addition the Earth Observation for Sustainable
Development initiative supported the i ation of
a crop application, which can be used to derive crop
water requirements and crop yield estimates from
climate data and satellite derived crop maps. ﬂ’i;';\ \g

—
—
; )
For more information, please contact: o M
ECD - Environmental Conservation Department, 5”
MONREC ? —

CTCN National Designated Entity

GCF National Designated Authority CROP APPLICATION REPORTING

U Hia Maung Thein Visualise crop calendar, estimate User configured templates

ds.ecd@moecaf sovmm cropwater requirement and praviding linkage to overview

DHI - CTCN Network Member crop yield reports or bulletins. Specific

Silvia Leiri3 templates for TDA/SAR, IWRM
and WSP.

Figure 3.3 Home page of the portal, the data and information and crop applications highlighted in red.

There were participants attending new to the technical assistance, therefore, after the opening
ceremony, a brief overview and status was provided.

Activity 2:
Validation of flood and

Activity 3: Awareness

Activity 1: Assessment of . . .
raising and capacity

information needs and

building for using the
portal

drought management data
and training

validation cases

13 Sep 15 Dec 18 30 Apr 19 30 Jun

A workshops and training

Figure 3.4  Diagram of the Activities of this technical assistance, timeline and key events.

Finally, preliminary results from validation were presented during the workshop. Namely, the
result from the analysis of satellite rainfall validation. This analysis was carried out by our
regional experts in hydrology the team from Hydro-Informatics Institute from Thailand and is
inserted in chapter 4 of this report.
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Figure 3.5 Presentation and discussion of validation results with participants (for details see chapter 4).
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Data and Information

The first day and a half of the technical training were spent building on the training of the first
national workshop (4-5 December 2018) and first technical training (19-20 February) events.
Participants used the Data and Information application of the portal and started by focusing on
the identifying and locating climate related hazards of relevance for seasonal planning. They
worked with rainfall and temperature but also climate related indices, such as rainfall deviation
and Standardised Precipitation Index (SPI).

These indices are indicators which can be used to draw conclusions on current status of climate
in Myanmar. Indicators are a way to compile complex values or data into a simple interpretation
of a state, e.g. drought or flood status. Therefore, they provide a means by which data can be
combined and interpreted to make good decisions (or policies).

Firstly, participants were asked to choose an area of interest whether of hydrological or
administrative boundaries and evaluate the rainfall deficit for the last 30 days (see Figure 3.6).
They applied the portal tools and assessed how the rainfall is in the current month compared to
the long-term average; how the trend is for the last 3 and 6 months (is the period wetter or dryer
than expected); and if there are there areas within the country/basin where the rainfall is most
below or above what would be expected.

Rainfall deviation 30-day (TRMM) A H_(‘; i

Thailand
\ Bangk'ok

LAM Opacity %
fl| 100 v
ocoe

Figure 3.6 Rainfall deviation of the last 30 days (from 02/04/2019) as analyse by participant during
identification exercise of climate related hazards, shown both the Myanmar and Ayeyarwady
areas of the portal.

Next, participants were asked to evaluate the spatial distribution of the SPI values in search of
potential drought related hazard within their areas of interest at the current time. They also
analysed the whole period of record identifying historic events with extreme wet or dry
conditions. Using several different tools such as the time series and column chart tools.

Participants evaluated the temperature variability within their areas, finding how the current
temperature was and whether it could be classified as being different from normal.

Based on their combined evaluation of the rainfall, rainfall deviation, SPI and the temperature,
they were asked to assess the status in their chosen areas and whether there are any signs of
an upcoming climate related hazards. To this end, they also learned about the Effective Drought
Index (EDI) and applied it to different areas in Myanmar to identify and characterize historical
drought events.
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Figure 3.7  Examples of Shwebo district in Myanmar for which SPI values, namely negative occurrence
of SPI below -1 indicative of dry conditions, were assessed by participants.

Next, participants evaluated the impact on crops and vegetation in general by looking at the
Normalized difference vegetation index (NDVI) dataset and derived indicators. This satellite-
based vegetation index is produced on 16-day intervals and at multiple spatial resolutions. It
provides consistent spatial and temporal comparisons of vegetation canopy greenness, a
composite property of leaf area, chlorophyll and canopy structure.

Participants were asked to continue working on their chosen areas of interest and looking at the
NDVI, identify different seasonal patterns and assess how the current season compares to the
long-term average. They analysed NDVI deviation indicator as well as the Vegetation Condition
Index (VCI) indicator and found areas where the vegetation growth is close to historic maximum
(corresponding to VCI value close to 100%), or close to the historic minimum (corresponding to
VCI value close to 0%).
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Figure 3.8 Example of column charts applied by participants to use the EDI and NDVI deviation
indicators to their areas.
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Finally, participants focused on the Soil Water Index (SWI), an indicator of daily information
about moisture conditions in different soil depths. They identified years where the soil moisture
appeared to be significantly lower than the average and combined this assessment with the
results from the NDVI data to be able to draw holistic conclusion on occurrence of vegetation
related hazards.

Figure 3.9 Participants at work during the data and information hands-on exercises.
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3.2 Crop Application

The second part of the training focused on the Crop application. Since all the participants were
new to this application, a presentation of the application was done at the beginning.

The Crop application is divided into three main sections:

- Data: provides a quick access to all datasets relevant for crop and related to the
agriculture sector. The functionalities are similar to the Data and information
application.

»  Crop calendar: provides a crop and region-specific crop calendar based on
global datasets

» Yield estimates: provides access to a tool that allows the user to calculate crop
water requirements and yield estimate for specific crop based on the data
available in the portal.

The participants started the hands-on exercises on the crop application by analysing the data
available to better the crop phenology in the different regions or districts of the country. Crop
phenology is the study of periodic events in the life cycle of living species. In the case of crops,
understanding the timing of periodic events in the life cycle of a crop (start and end growing
season) is relevant for various activities, such as irrigation scheduling, evaluating crop
productivity impact of climate change, etc. The following datasets were used: historical
ensemble from CHIRPS and NDVI long term average.

It was noted that most of the regions in Myanmar have one rainy season which is distinct from
the rest of the year. However, it was noted that one region has a bi-modal rainy season, which
means that two rainy seasons are occurring during the same hydrological year.

= — e
anen CTCN
Forrs il
FUND - v x

# v CROP APPLICATION Last Update: 2019-04-

7 .

Myanmar Flood and Drought Portal {msbomtis

Crop Calendar = Yield estimates “;'

Data x

Select GiSlayers | & \1 R
Rainfall (CHIRPS) v * Katmandou 1 Bhoutan
O Rainfall (CHIRPS) SGAEY

L&:l?nowj“ A
Physical and socio-economic data i AP BIHA
& Crop Dominance e {
O Crop Mask el <
O CropMap ¥ LA RKMAN DI
O Irrigated areas de "
O Soil Map (ISRIC) & HHATTISGARH

Tool AR Soisa

" Laos
Vientiane
gy, AL
®

O Raster file

Rainfed (7)

Thailande

Bangkok
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Figure 3.10 View of the data tab in the crop application

Afterwards the participants were asked to explore the crop calendar for the area they had
selected. The crop calendar allows for display of typical planting, growing and harvesting
periods for different crops. The data for the crop calendar is coming from the Center for
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Figure 3.11 Crop calendar view showing dry and wet season rice in the Bago district.

Many of the participants questioned the accuracy of the data provided by University of
Wisconsin-Madison. Two aspects were mentioned:

e spatial accuracy: many subareas were found to have the same crop calendar while it is
known that they are differences between them

e Temporal accuracy: the suggested time for sowing seems to be slightly different from
the one observed on the ground.

The participants recommended the integration of local crop calendars to complement this
information. This has been recorded as an action to take place during Activity 3 of this technical
assistance.

The last part of the hands-on exercises focused on the Yield estimates section of the crop
application. The yield estimates tool is based on the AquaCrop tool for calculation of crop water
requirements and yield estimates using underlying remote sensing data as forcing. AquaCrop is
a crop water productivity model developed by the Land and Water Division of FAO

( ).

The AquaCrop model estimates the crop yield or the crop water demand under given conditions.
The environmental conditions are specified by the user as input:

+ weather conditions (rainfall, air temperature, and the evaporative demand of the
atmosphere)

» soil characteristics

»  crop characteristics

- field management practices (fertilizer management, irrigation, etc.)

By altering the input, the expected crop water demand or crop production and yield can be
simulated for different environmental conditions. By entering forecasted climate conditions, the
impact on yield and crop water demand under various climate change scenarios can be studied
as well with the model.
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Figure 3.12 Participants engaged in discussions during the crop application exercise, providing feedback
on the crop information available in the tool.
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In the “user defined” mode, the user can define different combinations of input parameters,
which are displayed in the form of a table (see Figure 3.13).

#  ~ CROP APPLICATION Last Update: 2019-03-18 ®  User: admin
Uangyuan ol TR, | umadian " P . V]
Data | Crop Calendar | Yield estimates x J N L : S R AN ¥ \ -
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luated:
et 2 Allfocusares Historic Barley | Clay 20150301 | True | 80 fase |0 | LCUftomne | @@x |O r
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Figure 3.13 Table with input data in the Yield estimate tool in the crop application.

The participants were asked to calculate the irrigation demand for growing paddy rice in their
district of interest during the dry season.

Yield estimate X Yield estimate X
@ Historic O Forecast Q Climate change @ Historic O Forecast O Climate change
Area Allfocus area v Area All focus area v
fﬁ;ﬁ_ﬁﬁﬁj} 2018-02-03 fmi”ﬁnﬂ?égg 2018-02-03
Crop type PaddyRice v Crop type PaddyRice v
Soil type Paddy v Soil type Paddy v
Irrigated False v Irrigated True v
Fraction of RAW(%) |80 Fraction of RAW(%) |30
Use prices False v Use prices False v
Price 0 Price 0
Currency Producer Price (LCU/tonne) v Currency Producer Price (LCU/tonne v

X Cancel + Save X Cancel + Save

Figure 3.14 Dialog where the user can input the parameters for the yield estimates. These dialogs would
lead to the same simulations but one with irrigation (right) and the other one without irrigation
(left).

Many participants asked for clarifications about the parameter named “Fraction of RAW”. This
parameter is used when the irrigation option activated and is the value for allowed depletion of
the Readily available water (RAW), where RAW is the maximum amount of water that a crop
can extract from its root zone without inducing stomatal closure and reduction in crop
transpiration. The value is in percent and a default value is 80 %. Small values (0%) will lead to
higher irrigation demand than large values (100%).

When selecting irrigation, AquaCrop will calculate during simulation the amount of water
required to avoid crop water stress. When the root zone depletion exceeds a given threshold, a
small amount of irrigation water will be applied to keep the root zone depletion just above the
threshold. The threshold could be adjusted.
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Figure 3.15 Concept image for the
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Finally, the participants were introduced to a new feature of the crop application, which allows to
run yield estimates simulations directly based on spatial input. Instead of selecting all the
parameters such as crop type, soil type etc some input data are directly derived from removed
sensing images

The participants were specifically asked to compare the yield for paddy rice during the wet and
the dry season.
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Figure 3.16 Results of the spatial input mode of the yield estimates tool in the crop application.

It was found that irrigated rice in the rice season yield to lower yield than non-irrigated rice
during the wet season. These results were surprising for some participants since dry season rice
is known to normally perform better than wet season rice.
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Figure 3.17 Work and discussions during the exercises, where participants were asked to run
simulations for different climate change scenarios using the crop application.

It was agreed that further investigation should be carry out to validate the results of the tool.
Result from several years and for several locations should be taken into for a proper
assessment.

In addition, the area being limited to 10,000 ha was found too restricting to fully take advantage
of the tool. This limitation was enabled only due to computation limitation during the training
when 30 users are using the tool at the same time. It was agreed that the limitation will be

removed after the training.
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3.3 Feedback from participants

The workshop was held over three days in Nay Pyi Taw followed by a complementing day for
stakeholders in Yangon. The responses to these two workshops are treated separately. The
feedback comes from the official CTCN evaluation form. The questionnaire is divided in two
parts, where the first part regards satisfaction with the course and the second part is about
previous knowledge and knowledge increase on several topics.

The questions in part 1 are:

- Relevance of the training course in relation to your work

Quality of the presentations

- Time available for questions and discussions

Format of the training course

Overall satisfaction with the training course

Contribution of the training course to your understanding of the topic

The topics in part 2 are:

- Knowing about this technical assistance

Knowledge about remote sensing in Myanmar

Viewing and downloading data from the portal

- How the use the data in flood and drought, WR studies

It is important to note all participants found this form hard to understand and to fill out. We have
also found in our analysis of participant’s answers to the form’s quantitative questions, are many
times contradictory and non sensical, which is an indication that the evaluation form should be
improved.

3.3.1 Three-day technical training, Nay Pyi Taw

In Nay Pyi Taw there were 35 participants, of which 19 were male and 16 female. Of these, 23
responded in the evaluation.

Part 1
The overall satisfaction is high, with 78% being satisfied or significantly satisfied. However, 22%,
corresponding to 5 people, are only moderately satisfied.

Overall satisfaction with the training
course

B Not satisfied

B Moderately satisfied

M Satisfied

B Significantly satisfied

Figure 3.18 The overall satisfaction with the training course in Nay Pyi Taw.

69% of participants are satisfied or significantly satisfied with the relevance of the training
course to their work. The remaining 31% are moderately satisfied.
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Part 2

The knowledge increase is generally not so high, with 35-57% saying that their knowledge was
only moderately increased for all four topics in this part of the questionnaire. For three of the
topics, only one person feels that their knowledge has significantly increased, while no one feels
so in the last case. For two of the four topics, one person feels that their knowledge has not
increased at all. The highest knowledge increase is for knowing about this technical assistance
where 61% find that their knowledge has increased or significantly increased and no participants
state that their knowledge has not increased.

Knowing about this technical assistance
4%

= Not increased

= Moderately
increased
= Somewhat increased

= Significantly
increased

Figure 3.19 Knowledge increase regarding the technical assistance for participants in Nay Pyi Taw.

The smallest knowledge increase is for knowledge about remote sensing data for Myanmar,
57% feel that their knowledge has only moderately increased, 4% (one person) feels that their
knowledge has not increased at all, and no one feels that their knowledge has significantly
increased.

Knowledge about remote sensing data
for Myanmar

4%
= Not increased

= Moderately increased
= Somewhat increased

m Significantly increased

Figure 3.20 Knowledge increase for remote sensing data in Myanmar for the participants in Nay Pyi Taw.

It makes sense that there is a large knowledge increase for knowing about this technical
assistance as 68% have only some prior knowledge on this topic and 23% had no prior
knowledge.

For the topic remote sensing for Myanmar, 33% had no prior knowledge and 48% had only
some prior understanding. 14% had very good prior understanding.

Comments
One comment calls for more crops to be added and for the crop calendar to be updated.
Another specifically wants to be able to specify varieties of pulses.

Quite a few comments question the reliability and coverage of the data. One comment states
that the remote sensing data should be validated that the data should be modified to be reliable
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data for Myanmar. Three other comments say that the data should be updated or that data
should be correct, collected from the right places, and applied correctly. One participant has
found data gaps and would like some additional data, such as sea level rise.

Regarding the training, one comment would like more technical training. Another asks for the
validation processes to be covered while one participant would like some examples of
application areas using the available data. One person wants to learn more about remote
sensing, while another calls for knowledge on RCP’s and model parameters.

In response to the above comments, it falls outside of the technical assistance scope to validate
all data in the portal. It is a characteristic of this technical assistance that the pool of
stakeholders is increased with time as the user community grows. It is expected as this happens
there is a tendency to lose sight of the whole context. In addition, it is possible that some training
participants could not be present during the first session of the first day, which is when the
introduction and status of the technical assistance is customarily presented. The next chapter
presents the data validation carried out within the scope of work.

Finally, it has been agreed that is crop calendar data is successfully collected from the
Department of Agriculture, it will be added to the portal during Activity 3.

3.3.2 One-day training, Yangon

There were 11 participants for the workshop in Yangon. The participants were all female and
came from the Hydro-Informatics Centre (HIC) and ICEM.

Part 1

Overall, participants are very satisfied with the training course, with 55% being significantly
satisfied and only 18% being moderately satisfied. No participants state that they are not
satisfied. The least satisfaction is with the time available for questions and discussions, with
36% being only moderately satisfied or not satisfied and only 9% being significantly satisfied.
Considering there were 11 participants this amounts to 1 person who replied not satisfied and
one person significantly satisfied.

Overall satisfaction with Time available for questions and
the training course discussions

= Not satisfied

= Moderately
satisfied

= Satisfied

= Significantly
satisfied

Figure 3.21 Charts showing the overall satisfaction with the training course (left) and the satisfaction with
the time available for question and discussions (right) for the training course in Yangon.

Most participants find the course relevant, with 27% being moderately satisfied and no
participants who are not satisfied. Regarding the format of the training course, opinions differ.
27% are moderately satisfied or not satisfied, but there are also 27% who are significantly
satisfied.
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M Not satisfied
= Moderately satisfied
= Satisfied

m Significantly satisfied

Figure 3.22  Figure showing the satisfaction with the format of the training course for the workshop in
Yangon.

Part 2

Regarding knowledge increase, 46-64% of participants state that their knowledge was
somewhat increased for all four topics. The largest knowledge increase was regarding viewing
and downloading data from the portal, where the knowledge for 5 persons was somewhat
increased and for 5 persons was significantly increased. One person did not answer.

The smallest knowledge increase is for knowledge about remote sensing data for Myanmar
where the knowledge for 18% was only moderately increased and only another 18% found that
their knowledge was significantly increased.

Knowledge about remote sensing data for
Myanmar

B Not increased

B Moderately increased
m Somewhat increased
m Significantly increased

H No reply

Figure 3.23 Knowledge increase for remote sensing data for Myanmar for the participants in Yangon.

Large and small knowledge increases do not seem to be related to prior knowledge, as 46%
stated that they had good prior understanding about remote sensing data for Myanmar, while
18% had good prior understanding and 27% had very good prior understanding of viewing and
downloading data from the portal. The same number of participants, 18%, had no prior
knowledge for both topics.

Comments

There are four comments from participants. One finds the time too limited and another specifies
that they would like more time to analyse the differences between results and outputs. The
same person also calls for more detailed explanations of some factors.

One person finds the portal useful but thinks that is too complicated for “normal users”.
Contrarily, another thinks that it is very useful as a planning tool and that it is easy to download
data.

DTIE18-ENO015 Training and Validation report / 2019-05-08



Validation

4.1

OGREEN .
CLIMATE f§

FUND

Validation

This chapter presents the final methodology for validation of datasets and locations selected by
stakeholders in accordance with Deliverable 3 (activity 1.3) Technology specifications and
methodology for validation report. The validation process took place during Activity 2 based
on the feedback from stakeholders during the first national workshop and input from the ECD,
and the selection process for the locations in Myanmar is reported in Deliverable 2 (activity
1.2) Workshop report and cases for validation.

The aim of validation is to ensure that the developed technology provides outcomes that can
represent the actual conditions in the country, and therefore be used for decisions aiming at
increasing the adaptation capacity towards climate change. Validation of the outcomes
depended on the availability of historical data and on the successful collection of information
from the stakeholders. The ECD and the efforts of the Climate Change Division were the most
important factor in ensuring observed data was collected from the DMH, the DDM and the
Department of Agriculture.

This chapter describes the location, climate and other geomorphological features of study area,
the available data and methodology used in the validation process, and finally, the results are
presented and discussed.

Flood and drought affected areas

The study areas were selected based on two categories; flood and drought. According to the
information from stakeholders and historical record, the lower part of Myanmar especially in
Bago, Kayin and Mon state for flooded areas and central dry zone of Myanmar for drought-
affected area.

Bago is located between 16°45'N and 19°20'N and 94°35'E and 97°10'E. Total area of Bago
region is 39,402.3 km?2, total length of Bago River is 352 km, average yearly maximum discharge
is 1080 m3/s and population density at the year 2014 is 120 pers./km2. Bago River normally
floods every year. The severe flood in Bago city occurred in 2013, 2015 and 2018 by seeing
flood hazard maps from MIMU. Kayin State is located between latitudes 15° 45' north and 19°
25' north and longitudes 96° 10' east and 98° 28' east. It is bordered by Mon State and Bago
Region to the west and south. Hpa-An is the capital of Kayin state and flood was happened in it.
The total area of Kayin State is 30,382.8 km? and population density is 52 pers./km?2 contributing
to 2014 Census data. Also, the neighbouring state; Mon is also chosen for validation because
Mawlamyine; the capital of Mon state had flood in 2018. The population was 2,054,393
according to 2014 Census and total area is 12,296.6 km?2.

The expert in WATER ENVIRONMENTS 7
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Figure 4.1  Location of flooded regions; Bago, Kayin and Mon State.

The Dry Zone is part of the central plain of Myanmar, sandwiched by the mountainous zone on
the west, and the highlands on the east. It is mostly flat, with the Ayeyarwaddy flowing through it
from north to south.

The Chindwin and the Ayeyarwaddy are major rivers and pass through the Dry Zone area from
North to South towards the Delta region of the South part and then flow into Bay of Bangal. The
position of this area is between latitudes 19°20'N and 22°50'N and longitudes 93°40'E and
96°30'E covering Sagaing, Mandalay and Magway Regions.

This region is approximately 10% of the country’s total area and is about 870,000 km? according
to record from Dry Zone Greening Department (DZGD). For validation, Magway, Mandalay and
Myingyan are selected because there have been notable droughts in those areas.

DTIE18-EN015 Training and Validation report / 2019-05-08



UN Environment-OHI Centre
on Water and Enviranment

@CTCN

Validation o
B :
o, Myanmar Information Management Unit Canad?
N
\L. - -
oo Dry Zone Townships in Myanmar __
Atz 5L
N
W+E
S N PR
Kanbalu District
Kanbak
Shwebo District "YU W
Tabayin o’ gz A
A
. Ehwebo N
SAGAING 4 WL
=Mhwi 7] o N
Budalin k ¥ PRy
b ni A
g Wetlet 0 (P
Yinmarbin District YN DISIICL S ) L’/ ( 1)
CHIN S : Ayadav &
Yinmarbin onywa Baaing
& Sagaing District P
e 3 M T
o Salingyl | Cheung-U Haot A=
MYSnG . Yesagyo Kyaukse District
© Kysukse
Pakokku District : SHAN
Pack
 Pakoicku =X
ungne MANDALAY
Mahlaing -
B Meiitila District
Nyaung-U District
Kyaukpadaung Melktila Thazi
Salin
M’""f‘ b “Yamethin District
g Yamethin
Pwintoyu
Magway District
Magnay. Mysthit
Oke Ta Ra District Al
Minhla
RA K H l N E Sinbaungwe
Thayet District
Thayet
Mindon
KAYAH
¢ 5 ox . BAGO KAYIN
u n . Wi
oS 5L
ap ID: MIMU163v02 Legend Copyright © Mysnmar Informetion Mansgement Uit 2019, |
Creation Date: 27 Movernber 2018, A4 @ okl o 8 gMU m:u;:smmm' for sale and can ba used free of
$ - aphal —_— sgion Boun, rga n
m::"n:'r: r;;g;"njp'r::’s i 4 . 7 ’ s - Cisclsimer: The names shown and the boundaries used on
G ey 2 < P 3 e — ¥ this mag do not Imply oMclal endorsement or acceplance by
Basa Map: MIMU, WFR, Ministry of Home Affairs (GAD) District Boundary Dry Zane Tawnship zem l.:n:'d: :ﬂlgn:r..iu:":hl: sl::?.l::‘[; ;u::snu show al

Projection/Dstum: Geegraphl c\WG S84

Figure 4.2 Location of central dry zone in Myanmar (source: MIMU).
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4.2 Available data

For satellite rainfall validation, three satellite-based datasets: CHIRPS, TRMM and GPM are
used to compare with observed rainfall. The characteristics of the types of data are presented in
Table 4.1 and are briefly described as follows:

»  Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) is a
30+ year quasi-global rainfall dataset. Spanning 50°S-50°N (and all longitudes),
starting in 1981 to near-present, CHIRPS incorporates 0.05° resolution satellite
imagery with in-situ station data to create gridded rainfall time series for trend
analysis and seasonal drought monitoring. As of February 12th, 2015, version 2.0
of CHIRPS is complete and available to the public.

*  The Tropical Rainfall Measuring Mission (TRMM) is the first Earth Science
mission dedicated to studying tropical and subtropical rainfall. It measures
precipitation that falls within 35 degrees north and 35 degrees south of the
equator.

*  The Global Precipitation Measurement (GPM) mission is an international network
of satellites that provide the next-generation global observations of rain and snow.
Building upon the success of the Tropical Rainfall Measuring Mission (TRMM),
the GPM concept centers on the deployment of a 'Core’ satellite carrying an
advanced radar / radiometer system to measure precipitation from space and
serve as a reference standard to unify precipitation measurements from a
constellation of research and operational satellites. Through improved
measurements of precipitation globally, the GPM mission is helping to advance
our understanding of Earth's water and energy cycle, improve forecasting of
extreme events that cause natural hazards and disasters, and extend current
capabilities in using accurate and timely information of precipitation to directly
benefit society. GPM, initiated by NASA and the Japan Aerospace Exploration
Agency (JAXA) as a global successor to TRMM, comprises a consortium of
international space agencies, including the Centre National d'Etudes Spatiales
(CNES), the Indian Space Research Organization (ISRO), the National Oceanic
and Atmospheric Administration (NOAA), the European Organization for the
Exploitation of Meteorological Satellites (EUMETSAT), and others.

Table 4.1 Climate data for satellite rainfall validation.

No Data Source Record | Frequency Spatial Coverage
Resolution
1 | Rainfall CHIRPS, Climate | 1981 - Daily 0.05 deg All
Hazard Group 2018
(present)
2 | Rainfall TRMM; NASA, 2000 - Daily 0.25 deg All
JAXA 2018
(present)
3 | Rainfall GPM, NASA 2014 - Daily 0.1 deg All
2018
(present)
4 | Temperature | Level 3 MODIS 2000- 8- daily 1km deg All
global Land 2018
Surface (present)
Temperature
(LST)

10 DTIE18-ENO15 Training and Validation report / 2019-05-08
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No Data Source Record | Frequency Spatial Coverage
Resolution
5 | Rainfall DMH 2010- Monthly Station Hpa-An
2018 data
6 | Rainfall DMH 2010- Monthly Station Shwegyin
2018 data
7 | Rainfall DMH 2010- Monthly Station Magway
2018 data
8 | Rainfall DOA 2010- Monthly Station Mawlamyine
2018 data
9 | Rainfall DOA 2010- Monthly Station Myingyan
2018 data
10 | Max, Min DMH 2010- Monthly Station Hpa-An
Temperature 2018 data
11 | Max, Min DMH 2010- Monthly Station Shwegyin
Temperature 2018 data

Flooded years can be seen obviously due to the flood impact data from Department of Disaster
Management. According to the record, flood affected households and population were higher in
2018 than others in Mawlamyine. In Hpa-An, 2018 had the highest affected population and
household, with 11,699 and 2,346 respectively. Therefore, it can be assumed that 2018 was a
flooded year for Mawlamyine and Hpa-An cities. Flood events periods are collected from MIMU
flood hazard maps.

Table 4.2 Historical flood events record.
Dates of flood events (MIMU)

Bago (Bago State) Mawlamyine (Mon State) Hpa-An (Kayin State)
29-Jul-18 25-Jul-18 2-Aug-18
28-Jul-15 2-Aug-18 6-Aug-18
17-Aug-15 6-Aug-18 18-Aug-18
11-Aug-15 14-Aug-18 19-Aug-18
9-Aug-15 19-Aug-18 22-Aug-18
31-Oct-13 22-Aug-18 -
2-Nov-13 - -

Along with floods, there are drought-stricken areas in Myanmar, which have devastating impacts
on agriculture, quality of life of farmers and national economy. Stakeholders during the first
national workshop selected drought as a key issue in Myanmar. The drought related indicators
which are the most interesting to attempt validation are:

« Standardised Precipitation index (SPI)
« Effective Drought Index (EDI)
* Soil Water Index (SWI1)

* Normalized Difference Vegetation Index (NDVI) based such as NDVI deviation.

The expert in WATER ENVIRONMENTS 11
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Table 4.3 Types of drought related indicators for drought index validation.
No Data Source Record | Frequency Spatial Coverage
Resolution
1 SPI1 TRMM 2000- Daily 0.25 degree All
(Standardised 2018
Precipitation (present)
Index) comparison
of precipitation
over a specific 1
month period
2 SPI3 TRMM 2000- Daily 0.25 degree All
(Standardised 2018
Precipitation (present)
Index) comparison
of precipitation
over a specific 3
month period
3 SPI6 TRMM 2000- Daily 0.25 degree All
(Standardised 2018
Precipitation (present)
Index) comparison
of precipitation
over a specific 6
month period
4 | NDVI (Normalized Terra- 2000- 16-Daily 5600m to All
Difference MOD13C1 2018 250m
Vegetation Index) (5600m) (present)
5 NDVI deviation NDVI data 2000- 16- Daily 5600 m to All
2018 250m
(present)
6 SWI (Soil Water METOP- 2007- 10-day 0.1 degree All
Index) ASCAT 2018
satellite (present)
7 SW1 percentile SWI data 2007- 10- day 0.1 degree All
2018
(present)

In addition, Annual Damage of Crops and Annual Irrigated Agriculture of Summer Crops in
selected townships are collected from Department of Agriculture. These records are useful for
validation of drought indices and they can be found in Appendix A.

Methodology for validation

The most important aspect to consider when carrying out a validation exercise, is what the data
would be used for. In this case it is for activities supporting flood and drought management.
Therefore two methodologies are presented. Catchment rainfall data is validated during this
project and rainfall data for a point is not looked at. Then for drought, monthly data is looked at
instead of daily data; whereas for floods daily data is of interest.

To carry out the comparison, ground-based measurements are required. These are assumed to
best approximate rainfall occurring at a point. However, as catchment rainfall is looked at, the
density of the station network within the catchment is crucial to determining how important and

useful those ground measurements are. Additionally, station data might be the best

measurement available at a point but is very vulnerable to different types of error sources.
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The objective of the portal is also to provide a better understanding of the climate at regional
and national scale. Rainfall estimates from remote sensing at a large catchment scale might
actually be more accurate than from single stations, since there is not a sufficient coverage of
stations in the entire country.

There are several parameters that can be investigated ideally for the same time-period. If the
different data types have different time-periods, some data must be ignored.

Firstly, three satellite datasets such as CHIRPS, TRMM and GPM are chosen and observed
rainfall data are collected from DMH. Before comparing with observed data, satellite data are
compared to see the correlation and deviation between them. After that, observed rainfall and
satellite data are compared at each station. The comparisons are made in flooded years which
are collected from MIMU flood hazard maps.

Secondly, performance indicators are used to check the validation and the results discussed.
The methodology for validating of satellite rainfall is schematized in Figure 4.3.

Meteorological data
(DMH)

Satellite data

\4 A \4 A 4

[ CHIRPS ][ TRMM ][ GPM ] E@

A 4

Comparison

A

(Yearly, Monthly)

Check Validation
performance

Figure 4.3 Flow chart for satellite rainfall validation.

According to drought facts (FAO, 2013), drought can be defined according to meteorological,
agricultural, hydrological, and socio-economic criteria.

Meteorological, when precipitation departs from the long-term normal;

Agricultural, when there is insufficient soil moisture to meet the needs of a particular crop at a
particular time. Agricultural drought is typically evident after meteorological drought but before a
hydrological drought;

Hydrological, when deficiencies occur in surface and subsurface water supplies;

Socio-economic, when human activities are affected by reduced precipitation and related water
availability. This form of drought associates human activities with elements of meteorological,
agricultural, and hydrological drought.

Datasets required to assess each type of drought are listed in the following table.
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Table 4.4 Required datasets for Drought Indicator and types of drought.

Drought Drought Indicator Types of Drought

Parameter/

Rainfall v v v v

Temperature | v/ v v v v v
SPI v 4 v v

NDVI v v v v

SWiI v v

First, yearly satellite and observed rainfall are analysed to choose the drought year by seeing
the lowest rainfall period. Comparisons are made between SPI 1, 3, 6, NDVI, NDVI deviation,
SWI and SWI percentile. Detailed procedure can be found in the following Figure 4.4.

Yearly Rainfall
analysis

\4

NDVI
Choosing drought

Comparison <+—  (indrought

years
between SPI years)
l & NDVI

SPI 1, SPI 3,

SPI 6
(in drought SWI Percentile

vears) Comparison _

between SPI & <«——| (indrought

SWi years)

Figure 4.4  Flow chart for drought index validation.

4.4 Analysis of validation performance

To check the performance of validation, error parameters are calculated. Mean Absolute Error
(MAE), Mean Absolute Deviation (MAD), Coefficient of determination (R2) and Percentage
Difference are calculated to see the correlation and deviation. The formulations of these error
estimations are as follows;
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(&) Mean Absolute Error (MAE)

Where y; is observed value and x; is satellite value.

(b) Mean Absolute Deviation (MAD)

Where x; is observed or satellite value and x~ is average of that values.

(c) Coefficient of determination (R2)

Tl =) —y)I?

R? =
Y (g —x7)2 ¥ (v —y)?

Where, x; and y; are observed and satellite data and x~and y~ are average data of these two
datasets.

(d) Percentage difference

|p1 — P2l

.1009
P1 ‘;‘Pz %

percentage dif ference =
Where p; and p, are precipitation by collected satellite and observed station.

Results

4.5.1 Analysis of Satellite Rainfall data

First of all, satellite data sets are compared for three states; Bago, Kayin and Mon and for five
cities; Bago, Hpa-Anl, Hpa-An2, Hpapaun and Mawlawmying. Yearly and monthly graphs are
prepared to see the trend and correlation between each dataset. According to the graphs of
Bago state, TRMM has the highest yearly averaged rainfall followed by GPM and CHIRPS.
However, for Bago City, TRMM has averaged yearly rainfall (3012 mm) which is quite close to
the observed average rainfall (2993 mm). A year of 2015 was picked up as flooded year for
Bago and the trend looked similar for all datasets in comparison charts. For the peaks, TRMM
was the highest, followed by CHIRPS and GPM.
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Figure 4.5 Yearly rainfall at Bago State; Satellite Monthly Rainfall comparison for Bago city in 2015.

Hpa-An is located in Kayin State and there is a validation with observed data for it in the
following section. For yearly average rainfall, CHIRPS had the highest followed by TRMM and
GPM. It is obvious that CHIRPS and TRMM were going to increase rainfall in 2018 which was
recorded as flooded year. As 14 August 2018 was recorded as the date for flood, it can be said
true by seeing the obvious peaks in this period. All datasets showed a similar trend and GPM
has the highest peak followed by TRMM and CHIRPS. In Mon State, CHIRPS has the highest
average yearly rainfall whereas GPM and TRMM values are closed enough with 2682.5mm and
2563.6mm. Same with Kayin state, 2018 is chosen as flooded year and three satellite data are
compared for that year. In this case, GPM and CHIRPS coincide in rainfall peaks whereas
TRMM had a slight gap with them. In addition, it can be stated that July and August are flooded
months because the significant peaks occurred in that period.

Monthly Rainfall comparison between

Yearly Rainfall at Kayin State three datasets (Hpa-Anl City, 2018)
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Figure 4.6 Yearly Rainfall at Kayin state; Satellite monthly rainfall comparison for Hpa-An1 city (2018).
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Figure 4.7 Yearly Rainfall at Mon State; Satellite monthly rainfall comparison for Mawlamyine city

(2018).

4.5.2 Validation performance with satellite rainfall data

Satellite rainfall data for all cities and states are collected in the period of (2014-2018). Overall,
all data has good correlation .TRMM and GPM has a lower difference than the others. It might
be possible because GPM is a new version of TRMM and it uses a similar detector with the new
function. The difference between CHIRPS and TRMM is similar to CHIRPS and GPM. The value
of difference is higher than 70 percent in all states, while they provide lower value in the cities.
Because the area of city is smaller than the state, which means that, the rainfall variation will be
less in cities rather than states.

Table 4.5 Coefficient of determination (R2) between satellite rainfall for cities and states.
State/ City CHIRPS & TRMM CHIRPS & GPM TRMM & GPM
Bago State 0.84 0.69 0.79
Kayin State 0.92 0.85 0.91
Mon State 0.88 0.84 0.89
Bago City 0.91 0.88 0.96
Hpa-Anl1City 0.90 0.81 0.94
Hpa-An 2 City 0.88 0.84 0.91
Hpapun City 0.82 0.77 0.94
Mawlamyaing City 0.93 0.89 0.94
Table 4.6 Percentage difference between satellite rainfall for cities and states.
State/ City CHIRPS & TRMM CHIRPS & GPM TRMM & GPM
Bago State 70.34 77.55 50.94
Kayin State 75.57 79.44 58.48
Mon State 75.52 77.77 61.12
Bago City 45.09 64.18 59.44
Hpa-Anl1City 56.20 58.17 51.46
Hpa-An 2 City 48.61 70.88 58.70
Hpapun City 47.60 59.46 61.3
Mawlamyaing City 48.30 50.54 40.67
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To calculate the mean absolute error (MAE), satellite rainfall in the period of (2014-2018) are
used. MAE represents the difference between two dataset. MAE of CHIRPS and GPM is higher
than others which is same with percentage difference. The MAE values between GPM and
TRMM, and CHIRPS and TRMM are very low, except for Kayin and Mon state. Therefore, it can
be decided that rainfall data from TRMM and GPM is slightly different in both city and state.
CHIRPS and TRMM, CHIRPS and GPM have more differences but it was not much. MAD is the
average distance between each data point and the mean. It represents the variability in a
dataset. The result represents the variable of three-satellite rainfall is very high in both city and
state. For example, Bago city, the MAD value is higher than average (above 170 mm). TRMM,
CHIRPS, and GPM are slightly different with each other but they have more variation. Therefore,
they should be improved carefully before use.

Table 4.7 Mean Absolute Error (MAE) and Mean Absolute Deviation (MAD) of satellite rainfall for cities
and states.
City/ State Comparison
between two Mean Absolute Megr;ﬁ:;gr!ute Satellite
satellite Error (MAE) datasets
(MAD)
datasets
Bago City GPM-TRMM 77.33 172.93 GPM
CHIRPS-TRMM 51.66 248.61 CHIRPS
CHIRPS-GPM 81.51 247.41 TRMM
Hpa-Anl City GPM-TRMM 49.98 191.83 GPM
CHIRPS-TRMM 57.14 244.32 CHIRPS
CHIRPS-GPM 79.64 224.49 TRMM
Hpa-An 2 City GPM-TRMM 38.10 67.13 GPM
CHIRPS-TRMM 26.80 106.20 CHIRPS
CHIRPS-GPM 45.67 99.97 TRMM
Hpapaun City GPM-TRMM 55.33 94.23 GPM
CHIRPS-TRMM 43.52 135.60 CHIRPS
CHIRPS-GPM 55.58 143.21 TRMM
Mawlamyaing GPM-TRMM 43.19 213.10 GPM
City CHIRPS-TRMM 68.41 299.32 CHIRPS
CHIRPS-GPM 85.73 234.76 TRMM
Bago State GPM-TRMM 31.31 84.50 GPM
CHIRPS-TRMM 29.11 76.17 CHIRPS
CHIRPS-GPM 36.24 89.03 TRMM
Kayin State GPM-TRMM 57.12 205.35 GPM
CHIRPS-TRMM 80.31 301.26 CHIRPS
CHIRPS-GPM 115.81 240.61 TRMM
Mon State GPM-TRMM 48.24 198.78 GPM
CHIRPS-TRMM 119.54 326.51 CHIRPS
CHIRPS-GPM 135.39 203.68 TRMM

4.5.3 Analysis of Satellite and Observed rainfall data

18

There are monthly rainfall and temperature for five observed stations so that satellite data and
observed rainfall are compared to check the correlation between them. Hpa-An ,Shwegyin and
Mawlamyine stations are located in flooded regions and Magway and Myingyan stations are
located in drought affected area. Overall, all observed and satellite rainfall are in good
correlation with acceptable coefficient of determination. For Hpa-An station, CHIRPS and TRMM
data show a similar trend which are underestimated only in the period of rainfall peaks. As 2018
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was observed flooded period according to flood records, the gap between GPM and Observed

rainfall peaks was small which can be assumed that GPM can estimate close to observed data.
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According to the observed rainfall data collected form Department of Agriculture, they have good
correlation between satellite data. Although rainfall peaks did not match, they were in similar
trend. In 2018, the gap of rainfall peaks between them was smaller so that it can say that there
was a flood. Therefore, the assumption of flooded year that chosen before is true. For Shwegyin
station, the trend was similar when comparing with observed and satellite data. It is the same
pattern with Hpa-An and Mawlamyine case, where satellite rainfall was underestimated only in
the period of rainfall peaks occurred.
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Figure 4.9 Comparison between CHIRPS and Observed rainfall for Mawlamyine Station; Comparison
between TRMM and Observed rainfall for Mawlamyine Station; Comparison between GPM
and Observed rainfall for Mawlamyine Station.
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Figure 4.10 Comparison between CHIRPS and observed rainfall for Shwegyin; Comparison between

TRMM and observed rainfall for Shwegyin; Comparison between GPM and observed rainfall

for Shwegyin.

As there are monthly rainfall data from Department of Agriculture, it has been compared to

check the correlation between satellite and observed data. For Magway station, which is

located in drought-affected area, the comparison showed that the trend was in a similar shape
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= ===-Observed
TRMM and observed rainfall for Magway; Comparison between GPM and observed rainfall

for Magway.

Figure 4.11 Comparison between CHIRPS and Observed rainfall for Magway; Comparison between
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Figure 4.12 Comparison between CHIRPS and Observed rainfall for Myingyan; Comparison between
TRMM and observed rainfall for Myingyan; Comparison between GPM and observed rainfall
for Myingyan.

4.5.4 Validation performance between satellite and observed rainfall

In case of correlation, TRMM and GPM has the highest R2 value among others in all three
observed stations. Therefore, overall correlation of three datasets and observed data is quite
good. Mean Absolute Error (MAE) is used to determine the prediction quality of the satellite data
based on the prediction errors and it can tell us how big of an error we can expect from the
forecast on average. According to the result, MAE values are acceptable because Singh et al.
(2004) state that RMSE and MAE values less than half the standard deviation of the measured
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data are considered low and that either is appropriate for model evaluation. MAE values of
Magway station are less than other stations because rainfall is very less in Magway where
drought occurred according to the record.

Table 4.8 Performance Indicators for the validation of satellite rainfall with observed data.

Stations Performance Observed and Observed and Observed and
Indicators CHIRPS TRMM GPM
Hpa-An R? 0.82 0.88 0.88
MAE 124 152.94 112.07
Mawlamyine R2 0.87 0.90 0.87
MAE 118.89 158.10 166.51
Shwegyin R2 0.78 0.81 0.86
MAE 127.85 110.49 144.63
Magway R2 0.68 0.68 0.76
MAE 41.73 43.33 34.60
Myingyan R? 0.59 0.68 0.61
MAE 37.48 442 33.71

4.5.5 Rainfall analysis for choosing drought years

24

Since there is no detailed drought information available from our data collection effort, satellite
and rainfall data are analysed to check the lowest rainfall occurred periods and assumed as
drought years. In case of Magway, yearly observed and satellite rainfall were analysed. Since
2014 had the lowest rainfall and is assumed to be drought year for Magway. Moreover,
temperature plays an important role in exacerbating water scarcity during drought. Warm
temperatures have an equally important impact on how much water is lost to the atmosphere by
transpiration of plants and evaporation from soils.

In data scare regions, satellite temperature can be used so that the accuracy of satellite
temperature is important before using it. Therefore, validation with satellite and station
temperature is required. As Magway station has observed temperature, it has been analysed
with satellite MODIS temperature data. The correlation between MODIS and station temperature
is quite good and has similar trend that can be acceptable.

In case of Mandalay, only satellite data are compared to choose drought years. CHIRPS and
TRMM datasets showed that 2012 and 2014 had the lowest yearly rainfall whereas GPM also
showed that there was a low yearly rainfall in 2014. Therefore, 2012 and 2014 were assumed to
be drought years from (2010-2018) yearly rainfall analysis. According to the graphs of Myingyan,
2014 has lowest rainfall so that it was assumed as drought year. The graphs are presented in
the Appendix.
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Figure 4.13 Observed yearly rainfall for Magway; GPM yearly rainfall for Magway; TRMM yearly rainfall
for Magway, (d) CHIRPS yearly rainfall for Magway.
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Figure 4.14 Comparison between observed and satellite temperature for Magway (2010-2018).
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4.5.6 Analysis of Standard precipitation index (SPI)

According to the 8 years period SPI1 trend (2010-2018) in Magway, (April to Oct) are dry
periods mostly in 2014 because it was considered as drought year from rainfall analysis. SPI3
graph can show that 2014 has severe drought (-2 index value) which is assumed to be severe
drought according to the SPI classification. Temperature is also around 30 °C during the drought
periods. Also for SPI6 graph (2010-2018), it can be seen clearly that end of 2014 and start of
2015 had severe drought with the value of nearly -2 index value. Therefore, the assumption of
drought year 2014 is correct. In addition, SPI has been analyzed in Mandalay and Myingyan.
The results are quite similar to Magway and the graphs are shown in Appendix A. The SPI
values in the charts are calculated as average values for the entire month.

Table 4.9 SPI Index classification.

SPIl Index value | Classification
>2.0 Very Wet
1.5t02.0 Moderately Wet
1.0to 1.5 Nearly Normal
-1.0t0 1.0 Moderately dry
-2t0-1.5 Severely dry
<-2 Extremely dry
Correlation between SPI1 & Average temperature for Magway (2010-2018)
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-
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Figure 4.15 Correlation between SPI 1 and averaged temperature for Magway (2010-2018).
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Correlation between SPI3 & Average temperature for Magway (2010-2018)
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Figure 4.16 Correlation between SPI3 and averaged temperature for Magway (2010-2018).

Correlation between SPI6 and Average Temperature at Magway (2010-2018)
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Figure 4.17 Correlation between SPI6 and Averaged temperature for Magway.
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4.5.7 Comparison between SPI and NDVI

In Magway, SPI and NDVI were negatively correlated in the

selected drought year. Rainfall in

2014 was higher than average yearly rainfall so that SPI took positive values even though there
was low rainfall. Note positive SPI values indicate greater than median precipitation (i.e. wet
conditions), and negative values indicate less than median precipitation (i.e. dry conditions).

Correlation Between SPI & NDVI at Magway (2014)
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Figure 4.18 Comparison between SPI and NDVI for Magway (2014); Correlation between rainfall and
SPI for Magway (2014); Correlation between rainfall and NDVI for Magway (2014).
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Because SPI are calculated based on historical records, rainfall and NDVI appear to be
acceptable when compared. Also for Mandalay and Myingyan, there was negative correlation
between SPI and NDVI. The graphs are presented in Appendix A.

The correlation coefficients are determined based on the seasons to see the significance of
vegetation growth seasonally. The summer season starts from March to June, the rainy season
starts from July to October and the winter season starts from November to February.

Table 10. Pearson’s Correlation Coefficient, r of SPI and NDVI comparison for Magway (2014).

Pearson’s Correlation Coefficient, r SPI1 SPI3 SPI16
Summer -0.98 -0.97 -0.86
Rainy -0.81 -0.61 -0.88
Winter -0.93 -0.66 -0.79

Considering the NDVI data cannot stand alone in checking a drought condition, we used the
Crop Application of the portal and sought the crop calendar.

Since there are rice plantation areas in central dry zone, NDVI starts to decrease from the end
of rice harvesting and entering the dry season. This can be seen from the crop calendar, which
is downloaded from the portal. Once this data is improved depending on stakeholder input, it
may be that the results are affected.

The following is the crop calendar for Magway. As for Mandalay and Myingyan, the crop
calendar is same with Magway because they all are located in central dry region.

Crop calendar

Rice Plant I

Rice Growing e
Rice Harvest | el
Rice 2 Plant ]
Rice 2 Growing |
Rice 2 Harvest e ]
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 4.19 Crop Calendar for Magway region.

Table 4.10  Crop planting, growing and harvesting period in Magway region.

Types of crop | Period

Rice plant May- Jul (2 months, 4 days)

Rice growing | Jun-Nov (5 months, 10 days)

Rice harvest Oct-Dec (2 months, 17 days)

Rice2 plant Oct-Jan (2 months, 3 days)

Rice2 growing | Nov-Apr (4 months, 27 days)

Rice2 harvest | Mar-Jun (3 months, 3 days)
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Figure 4.20 NDVI trend in Magway (2010-2018).

Comparison between SPI and NDVI deviation

NDVI deviation is calculated as the deviation from the long-term mean. It expresses the current
vegetation growth compared to the long -term mean for the same period. It can be used to
define a drought as it is defined as the difference between NDVI for the current time step and
long term NDVI for the same month. When NDVI deviation is negative, it indicates below normal
vegetation condition and suggests a prevailing drought situation. The greater the negative
departure, the greater the magnitude of a drought.

When comparing with SPI values and NDVI deviation, the SPI trend matches the NDVI
deviation. The NDVI deviation classification table and comparison charts are below. In case of
Mandalay and Myingyan regions, there is a correlation between SPI and NDVI deviation. SPI
negative values meet in the moderately dry range of NDVI deviation. The comparison charts
between SPI and NDVI deviation for Magway and Mandalay Regions are attached in Appendix
A.

Table 4.11  NDVI deviation classification.

NDVI deviation Condition

<=-0.2 Severe drought (extremely dry )
-0.05t0-0.2 Drought (moderately dry)
-0.05t0 0.1 Near Normal

>0.1 Above optima; (extremely wet)

DTIE18-ENO15 Training and Validation report / 2019-05-08



UN Environment-OHI Centre

Validation

120 0.5
- 100 0
S
c 80
S 05 _
< 60 T
S 1 9
S 40
2
20 15
0 -2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
s Extremely dry Moderately dry = Near Normal s Extremely Wet e SP|1
Comparison between SPI3 and NDVI deviation for Magway (2014)
120 1
100 0.5
S I I 0
= 80
2 05 o
S 60 a
3 1 @
> 40
) -
2 15
20 -2
0 -2.5
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mmmm Extremely dry Moderately dry === Near Normal = Extremely Wet e SP|3
Comparison between SPI 6 and NDVI deviation for Magway (2014)
120 1.5
100 !
s R
s 80 0
= ©
< 60 05 &
3 @
> 40 1
z -1.5
20 2
0 -2.5
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mmmm Extremely dry Moderately dry === Near Normal s Extremely Wet e SP|6

Figure 4.21 Comparison between SPI1 and NDVI deviation for Magway (2014); Comparison between
SPI3 and NDVI deviation for Magway (2014); Comparison between SPI6 and NDVI deviation
for Magway (2014).
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4.5.9 Comparison between SPI and SWI

In Magway, the correlation analysis between indices showed that the correlation coefficient is
different on the various time scales, and correlation amount is weak in winter season and strong
in rainy season. SWI seems to have direct correlation with observed rainfall. Similar results
came out for Mandalay and Myingyan. The comparison graphs are presented in Appendix A.

Correlation between SPI & SWI at Magway (2014)

60 15
50 s B Ssel L
N L’ hE 0.5
40 \\\/\/ > 0
— \\~~ —\ ’, —
% 30 RS- — 05 &
20 TN\ -1
\/ -1.5
10 2
0 25

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

SPI1 SPI3 SPI6

Observed Rainfall & SWI

200 60
50
150
40
100 30

20
50
[] N
0 - — 0
Aug Sep Oct Nov

Jan Feb Mar Apr May Jun Jul Dec

s Obs Rainfall == SWI

Figure 4.22  Correlation between SPI & SWI at Magway (2014); Correlation between observed rainfall
and SWI for Magway (2014).

Table 4.12  Pearson’s Correlation Coefficient, r of SPI and SWI comparison for Magway (2014).

Pearson’s Correlation Coefficient, r SPI1 SPI3 SPI16
Summer 0.15 -0.06 0.37
Rainy -0.83 -0.61 -0.92
Winter -0.71 -0.38 -0.59

4.5.10 Comparison between SPI and SWI percentile

32

The SWI percentile expresses the percentage of soil moisture that is equal to or below a certain
amount of each year in the entire record. A drought or water scarcity condition is often defined
when the soil moisture percentile drops below 30 or 20%. Therefore, SPI and SWI percentile are
compared.

As a result, the SPI trend match with the lower SWI percentile, which is regarded as drought.
Comparison charts are drawn as follows.
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When comparing SPI and SWI percentile for Mandalay and Myingyan, the result is similar to
Magway. The drop of SWI percentile coincide with negative values of SPI so that this
comparison can be the indicator of a drought happening in the central dry zone. The charts of
comparing SPI and SWI in the selected drought year for Mandalay and Myingyan are attached
in Appendix A.

Comparison between SPI1 and SWI Percentile for Magway (2014)
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Figure 4.23 Comparison between SPI1 & SWI percentile for Magway (2014); Comparison between SPI3
& SWI percentile for Magway (2014); Comparison between SP16 & SWI percentile for
Magway (2014).
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Conclusions

This report describes the validation of satellite datasets with observed historical data in selected
locations in Myanmar. It includes two main parts; satellite rainfall validation and satellite drought
index validation. According to the result of validation, the following conclusions are drawn.

1. In statistical validation of satellite data, percentage difference and R- square values represent
‘all dataset are in good correlation’. While, MAE and MAD represent the deviation of each
dataset. Although compared dataset provide a high correlation, each dataset still has high
uncertainty.

2. For comparing with observed rainfall data in five stations, satellite data have a same pattern
with monthly-observed rainfall. However; they did not capture a peak of rainfall in which satellite
data was lower than observed data.

3. CHIRPS has smallest resolution, long period dataset, but high uncertainty whereas TRMM
has largest resolution and high uncertainty. GPM is an improved product from TRMM. It has
smaller resolution, but very high uncertainty.

4. From the comparison of SPI and SWI, they had a good correlation in rainy season in
Mandalay and Myingyan. Also for NDVI, SPI values are positively correlated with it in rainy
season. Therefore, this can show that there are rain fed rice plantation areas where rainfall has
much influence on it.

5. As vegetation activity is highest in July and August (Rainy Season) and lowest in March and
April (summer) in Myanmar, NDVI trend can prove with increasing in rainy season and
decreasing in summer.

6. The drought years are selected based on rainfall analysis whereas lowest rainfall periods are
assumed drought. It was checked with the analysis of SPI index whereas the assumed drought
year has negative SPI value, which is moderately, and severely drought. This can also be
proved by checking with an increasing number of damaged planted area, which was collected
form Department of Agriculture.

7. SPI alone cannot correlate with the vegetation deficit as it shows only the deviation from the
long term mean (wetter or dryer than normal) and NDVI seems to have follow the crop calendar
pattern. The available data is very limited to make a direct comparison between rainfall and
vegetation to see the influence of the drought. So here we applied the crop calendar, NDVI
deficit and SWI percentile and tried to find the correlation with SPI. The correlations with the
drought condition are more pronounced.

8. Data has been validated using a methodology that assumed that observed data at the station
is “correct”. The objective of the portal is also to provide a better understanding of the climate at
regional and national scale. Using remote sensing data can be relevant — even with poor
performance at specific locations/stations - since there is not a sufficient coverage of stations in
the entire country. In addition, rainfall estimates from remote sensing at a large catchment scale
might actually be more accurate than from single stations. Finally, continuous bias in rainfall
data will not be considered if indices such as SPI are used since only relative state is assessed.
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) Next steps

This report marks the end of Activity 2 and the start of Activity 3 consisting of the following sub-
activities:

» Activity 3.1: Final national workshop to continue with awareness generation on
the portal

« Activity 3.2: More technical training in the use of the portal
* Activity 3.3: Outreach, dissemination and possible next steps

»  Activity 3.4: CTCN reporting requirements namely a monitoring and evaluation
plan, a closure report and an impact description.

The main written deliverable of Activity 3 is the Lessons-learned and Roadmap report, the latter
describing recommendations for further development of the portal, and for linkages with national
policy development, and potential for engagement of the private sector. These
recommendations will directly inform the design of a Draft GCF Concept Note which will be
attached to the report.

Due to the stakeholder feedback received during the second technical training from 2 to 4t of
April, we will continue to refine where possible the content of the portal well into Activity 3, as
documented in chapter 3.1 and 3.2. It will depend as well on final data collection efforts from the
DOA regarding crop information for Myanmar.

Continued and close coordination with the Climate Change Division of the ECD will determine
the dates of the final training and the date for the final guidance session on drafting the concept
note.
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Table Al. Mon State, Mawlamyine Flood Impact (2010 — 2018)

Source: Department of Disaster Management (DDM)

House

No. Year House hold Population | Death | Injuries Loss Remark
1 2010 _ _ _ _ _ _
2 2011 _ _ _ _ — —
3 2012 208 208 908 _ _ _
4 2013 _ _ _ _ _ _
5 2014 _ _ _ _ — —
6 2015 _ _ _ _ _ _
7 2016 _ _ _ _ _ _
8 2017 _ _ _ _ _ _
9 2018 _ 2015 5607 1 _ _
Total 208 2223 6515 1 _ _
Table A2. Kayin State, Hpa-an Township Flood Impact (2010-2018)
Source: Department of Disaster Management (DDM)
No. Year House Hr?c?lze Population | Death | Injuries Loss Remark
1 2010 _ _ _ _ _ _
2 2011 _ 838 4312 _ _ _
3 2012 _ 1045 5497 _ _ —
4 2013 _ 1597 8268 _ _ _
5 2014 _ _ _ _ _ _
6 2015 _ 1222 6444 _ _ _
7 2016 _ _ _ _ — —
8 2017 _ _ _ _ _ _
9 2018 _ 2346 11699 _ _ _
Total _ 7048 36220 _ _ _
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Table A3. Pearson’s correlation coefficient (r) in SPI, NDVI and SWI comparison for Mandalay

and Myingyan

Area Year Index Pearson’s Correlation Coefficient (r)

Summer Rainy Winter

Mandalay 2012 SPI1 & NDVI -0.71 0.99 -0.87
SPI3 & NDVI -0.88 0.95 -0.14

SP16 & NDVI -0.90 0.77 -0.84

SPI1 & SWI 0.10 0.87 -0.75

SPI 3 & SWI -0.41 0.98 -0.38

SP1 6 & SWI -0.29 0.91 -0.88

2014 SPI1 & NDVI -0.84 0.95 -0.93

SPI3 & NDVI -0.95 0.97 -0.14

SPI6 & NDVI -0.97 0.87 -0.93

SPI1 & SWI 0.10 0.87 -0.75

SPI1 3 & SWI -0.41 0.98 -0.38

SPI 6 & SWI -0.29 0.91 -0.88

Myingyan 2014 SPI1 & NDVI -0.87 0.02 -0.92
SPI3 & NDVI -0.95 0.93 -0.43

SP16 & NDVI -0.71 0.78 -0.95

SPI1 & SWI 0.17 -0.18 -0.78

SPI1 3 & SWI -0.02 0.85 -0.48

SP1 6 & SWI 0.38 0.65 -0.90

Table A4. Annual damage of crops in Mawlamyine Township (2010-2018)

Crop Name

Monsoon rice

Year Planted area Risk Area Damage Area
2010 14943 | ~ ~
2011 13896 | ~ ~
2012 13868 | ~ ~
2013 13772 | ~ ~
2014 13667 | ~ ~
2015 14589 | ~ ~
2016 14582 | ~ ~
2017 14534 | ~ ~
2018 14434 2051 1638
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Table A5. Annual damage of crops in Myingyan

UN Environment-DH Centre
o Water and Environment

2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019
No [Crop Name
P plantedA|Risk Acre Damage plantedA|Risk Acre Damage plantedA|Risk Acre Damage plantedA|Risk Acre Damage plantedA|Risk Acre Damage plantedA|Risk Acre Damage
Acre Acre Acre Acre Acre Acre
cre cre cre cre cre cre
1 99 99| 1958 61 61
Summer sesame 1562
2|Summer rice 1426 18 18 1780 104 66
3|Monsoon rice 3621 334 200 3429 25 3625 539 311
4|Monsoon rice 12 12 19 336 176
5 15921 105 105
24182| 18093 18093
Monsoon sesame
6 Monsoon 19566 68 68
groundnut
7|Bean 20150 16
8|Sorghum 12753 4
9|Cotton 8253 19 1
10|Onion (monsoon)
1878 13 2
11| Onion (summer) 12545 39
12| Onion (winter) 4653 1.39 1.39
13|Chick-pea 12355 97 97
14|Corn 2368 3 3
15|Barley 322 7 7
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CHIRPS Yearly Rainfall at Mandalay TRMM Yearly Rainfall at
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Figure Al.(a) CHIRPS yearly rainfall at Mandalay, (b) TRMM yearly rainfall at Mandalay, (c)
GPM yearly rainfall at Mandalay
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Figure A2. (a) CHIRPS yearly rainfall at Myingyan, (b) TRMM yearly rainfall at Myingyan, (c)
GPM yearly rainfall at Myingyan.
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Correlation between SPI1 & Average Temperature for Mandalay (2010-2018)
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Figure A3. (a) Correlation between SPI 1 and averaged temperature for Mandalay (2010-2018),
(b) Correlation between SPI 3 and averaged temperature for Mandalay (2010-2018), (c)
Correlation between SPI 6 and averaged temperature for Mandalay (2010-2018)

A-6 DTIE18-ENO15 Training and Validation report / 2019-05-08



UN Environment-OHI Centre

Validation Extended Results

6 50

> - T - -

4 Pl Bl T - 40 _

- - S - - e ™ o, %)
= 5
52 2

1 20 8

£

0 __I .II . II I| w II 1. 1 _ __ I ) _I.I I . III lII I 1 II [ II ' I _IIII 2

L I T I [ | 11 | ! I e 10

-1

-2 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mm— 2010yr m 2011yr — 2012yr 2013yr
m— 2014yr mm— 2015yr m— ?2016yr m 2017yr
m— ?2018yr = e = Avg Temperature
Correlation between SPI13 & Average Temperature for Myingyan (2010-2018)
4 50
3 ’—¢O~------~ 40A
- - - g_)

2 ~-----------~- 305
™ =]
" | n 0,_h bl I | |

0 II_I ,-II II _I_ I ._ I I I _II I II I _ 20 aé.)'

I I | e L Il 5

1 10 F

) 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
m— 2010yr —— 2011yr I 2012yr 2013yr
20 14yr m— 2015yr m— 2016yr m— 2017yr
m— 2018yr = e = Avg Temperature
Correlation between SP16 & Average Temperature for Myingyan (2010-2018)
2 40
15 o . TS 35
Se- - e - e
1 - - - e 30 ~
e

0.5 25 7
. HI |I| ||I||| | ” ||| i |I |
g 0 . y . m 20 §
> T T e q -

-0.5 15 g

(<P}

-1 10+

-1.5 5

-2 0

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec
m— 2010yr m—— 2011yr I 2012yr 2013yr
20 14yr m— 2015yr m 2016yr m— 2017yr
— ?2018yr = e = Avg Temperature

Figure A4. (a) Correlation between SPI 1 and averaged temperature for Myingyan (2010-2018),
(b) Correlation between SPI 3 and averaged temperature for Myingyan (2010-2018), (c)
Correlation between SPI 6 and averaged temperature for Myingyan (2010-2018)
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Figure A5. (a) Comparison between SPI and NDVI for Mandalay (2012) , (b) Correlation

between rainfall and SPI for Mandalay (2012) , (c) Correlation between rainfall and NDVI for
Mandalay (2012).
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Figure A5. (a) Comparison between SPI and NDVI for Mandalay (2014) , (b) Correlation
between rainfall and SPI for Mandalay (2014) , (c) Correlation between rainfall and NDVI for
Mandalay (2014).
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Figure A6. (a) Comparison between SPI and NDVI for Myingyan (2014) , (b) Correlation
between rainfall and SPI for Myingyan (2014) , (c) Correlation between rainfall and NDVI for

Myingyan (2014).
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Figure A7 (a) Correlation between SPI & SWI at Mandalay (2012), (b) Correlation between
observed rainfall and SWI for Mandalay (2012), Mandalay , (c) Correlation between SPI & SWI

at Mandalay (2014), (d) Correlation between observed rainfall and SWI for Mandalay (2014),
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Figure A8 (a) Correlation between SPI & SWI at Myingyan (2014), (b) Correlation between
observed rainfall and SWI for Myingyan (2014)
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Comparison between SPI 6 and NDVI deviation for Mandalay (2012)
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Figure A9 (a) Comparison between SPI1 and NDVI deviation for Mandalay (2012), (b)
Comparison between SPI3 and NDVI deviation for Mandalay (2012), (c) Comparison between
SPI16 and NDVI deviation for Mandalay (2012)
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Figure A10 (a) Comparison between SPI1 and NDVI deviation for Mandalay (2014), (b)
Comparison between SPI3 and NDVI deviation for Mandalay (2014), (c) Comparison between

SPI6 and NDVI deviation for Mandalay (2014)
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Comparison between SPI 6 and NDVI deviation for Myingyan (2014)
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Figure A1l (a) Comparison between SPI1 and NDVI deviation for Myingyan (2014), (b)
Comparison between SPI3 and NDVI deviation for Myingyan (2014), (c) Comparison between
SPI16 and NDVI deviation for Myingyan (2014)
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Comparison between SPI1 and SWI Percentile for Mandalay (2012)
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Comparison between SPI3 and SWI Percentile for Mandalay (2012)
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Comparison between SPI16 and SWI percentile for Mandalay (2012)
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Figure A12 (a) Comparison between SPI1 and SWI percentile for Mandalay (2012), (b)
Comparison between SPI3 and SWI percentile for Mandalay (2012), (c) Comparison between
SPI16 and SWI percentile for Mandalay (2012)
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Comparison between SPI1 and SWI Percentile for Mandalay(2014)
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Figure A13 (a) Comparison between SPI1 and SWI percentile for Mandalay (2014), (b)
Comparison between SPI3 and SWI percentile for Mandalay (2014), (c) Comparison between
SPI16 and SWI percentile for Mandalay (2014)
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Comparison between SPI6 and SWI percentile for Myingyan (2014)
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Figure Al4 (a) Comparison between SPI1 and SWI percentile for Myingyan (2014), (b)
Comparison between SPI3 and SWI percentile for Myingyan (2014), (c) Comparison between
SPI6 and SWI percentile for Myingyan (2014)
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Strengthened drought and flood management through improved science-based information

availability and management in Myanmar
Project upscaling meeting, 1st April 2019 MONREC

@

Time

Title

Entity

09.30 - 09.40

Introduction and purpose of the meeting

ECD

09.40 - 10.00

Demonstration of the portal

DHI

10.00 - 10.40

The existing platforms in Myanmar

The invited institutions present a description of their platform, if possible
following the table annexed to this letter which has been filled out for the
portal.

e Understanding of all platforms
e Demo of each of them if possible
e Overlap and synergies

Outcome: Knowledge of the current situation in Myanmar and collect
information to make an informed decision for the upscaling project.

All

10.40-11.00

Tea break

11.00-12.30

Planning the way forward
Outline of a plan for the upscaling of the portal, where the overlaps are
addressed, and the synergies are taken advantage of.

e Qutline of upscaling
e Next steps

Outcome: outline of the plan with next steps for the potential preparation of
a GCF Concept Note.

All
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(Second Technical Training for Flood and Drought Portal)

Time

| Title

Entity

Draft Agenda -

2" April 2019

09.00 - 09.20 | Opening Remarks Dr. Ye Myint Swe,
Deputy Minister,
Ministry of Natural
Resources and
Environmental
Conservation
(MONREC)
09.20-09.30 | Remarks Mr. Hans Christian
Ammentorp, Senior
Officer, Danish Hydraulic
Institute (DHI)
09.30-09.40 | Photo Session All
09.40-10.10 | Tea break All
10.10- 11.10 | The Myanmar Flood and Drought portal
The portal and status of the technical assistance.
Outcome: Knowledge of the different portal components, what DHI
they are and can be used for Knowledge of status of
implementation.
11:10 - 12:00 | Remote sensing
Overview and understanding of remote sensing: Applications of DHI
Earth Observation (EO) for IWRM.
Outcome: understanding of the data sources in the portal
12:00 - 13.00 | Lunch
13:00 - 15:00 | Data and Information
Practical exercise to learn how the available data could be used
to identify and locate historic and current climate hazards. Participants
The objective is to identify and locate climate related hazards of
relevance for seasonal planning with focus on drought impact
on the agricultural sector.
15:00 -15:20 | Tea break
15:20-16:00 | Wrap -up Feedback and questions from participants.
B-2 DTIE18-ENO15 Training and Validation report / 2019-05-08




OGREEN .
CLIMATE f§

, ®CTCN

IN Environmen t-DHI Centre
‘on Water and Enviranment

.
=
DHIMY

Agendas
FUND
Time | Title | Entity
Draft Agenda - 3" April 2019
09:00 - 10:20 | Data and Information
Recap from previous session. In-depth understanding for key indicator to be
used for drought assessment. DHI
- Hand - on exercises - drought hazard exercise.
- Specific examples from Myanmar Participants
Outcome: Knowledge and understanding of available data to be used for
drought assessment.
10:20 -10:40 | Tea break
10:40 - 11:00 | Validation status
Status of technical assistance including data collected and presentation of HAII
results.
11:00 — 12:00 | Data and Information
Finalizing the previous session exercise focusing on drought hazard in
Myanmar.
12:00 -13:00 | Lunch
13:00 -15:00 | Crop application
Introduction to crop modeling using remote sensing data
- Hands-on exercise-use and setup of the crop application DHI
Outcome: To identify the growing season of specific crop with information in
the data portal. Key steps will be described.
15:00 - 15:20 | Tea break
15:20 - 16:00 | Wrap -up Continuation of previous exercise.
Feedback and questions from patrticipants.
Draft Agenda - 4" April 2019
09:00 - 10:20 | Crop application DHI
Recap of previous day and finalizing the exercise Participants
10:20 - 10:40 | Tea break
10:40 - 12:00 | Crop application
Introduce the module of the Crop application that allows the users to
calculate irrigation demand and crop yield using remote sensing input data
as input to the AquaCrop tool. DHI
- Hand-on exercise - use and setup of the crop application
Outcome: Capacity and Knowledge to evaluate the impact on crop
production from drought events.
12:00 - 13:00 | Lunch
13:00 - 14:45 | Crop application
Completion of previous session.
14:45 - 15:00 | Tea break
15:00 - 15:30 | Wrap -up
Feedback and questions from participants. DHI

Course Evaluation & Certificates
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Strengthened drought and flood management through improved science-based information
availability and management in Myanmar
5th April 2019, AIRBM Training Room, Yangon

Draft Agenda
Outcome: Update on Myanmar Flood and Drought Portal and Technical training

Time Title Entity
09.00 — Welcome and Presentation of participants DHI
09.20

09.20 - The Myanmar Flood and Drought portal DHI
10.20 The portal and status of the technical assistance.

e Recap on the portal

e Status of technical assistance including the Data validation
Outcome: Knowledge of the different portal components, what they are and can
be used for. Knowledge of status of implementation.

10.20 - Tea break
10.40
10.40 - Data and Information DHI
12.00 Overview and understanding of available near real time data for flood and
drought assessment. Participants

o Feedback from participants on what they have been using the portal for

¢ Hands-on exercises — based on the Data and Information app.
Outcome: Usability and testing of the portal. Knowledge and understanding of
available data to be used for flood and drought assessment.

12.00 — Lunch

13.00

13.00 — Crop application DHI
15.00 Understand how a crop model could be used to forecast drought impact on

crops. Include the uncertainty in the climate forecast in the assessment.
¢ Hands-on exercises — use and setup of the crop application

Outcome: Capacity and knowledge to evaluate the impact on the crop
production from drought events.

15.00 — Tea break

15.20

15.20 - Wrap-up

16.00 Feedback and questions from participants. Course Evaluation.
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Attendance Registers

Project upscaling meeting 1st April 2019 — ECD, MONREC

UN Environment-DH Centre
on Water et

': Name Ger:de Department | Ministry Job Title Phone E-mail
1 U Hla Maung Thein Male ECD MONREC | DG 67431322 hlamaungthein.env@gmail.com
2 Dr.San Oo Male ECD MONREC | DDG (A/P) 067431326 sthandaroo@gmail.com
3 Daw Tin Tin Aye Female | ECD MONREC | AD 09420702221 | ecdtintin@gmail.com
4 Daw Thandar Wint Wint Female
Khaing ECD MONREC | AD 09450028742 | tdwindwrm@gmail.com
5 U San Win Male ECD MONREC | AD 09788259959 | sanwin.ecd@gmail.com
6 U Paing Hsu Lwin Male ECD MONREC | SO 0943016782 painghsulwin.env@gmail.com
7 Daw Zin Mar Phyu Female | ECD MONREC | SO 09250969549 | zinmarphyul23@gmail.com
8 Daw Kyi Kyi Win Female | ECD MONREC | DSO 09769073544 | kyikyiwin.ecd@gmail.com
9 Male kyawmoeaung@nationalcommunication.or
U Kyaw Moe Aung ECD MONREC | Project Manager 09970541056 | g
10 Male Survey
U Win Shwe Dept. MONREC | Director 067413679 winshweko@gmail.com
11 Female MOSWR
Daw Thiri Maung DDM R Dy Director 0673404540 thirimaung.rrd@gmail.com
12 | Daw Htay Htay Than Female | DMH MOTC Director 09250954638 | HHThan.DMH@gmail.com
13 | Daw Sandar Myint Female | DOP MOLIP Deputy Director 067431368 sandar6869@gmail.com
14 | U Myo Tun Oo Male DMH MOTC A.D 067411224 myotunoo2009@gmail.com
15 | Silvia Leirido Female | DHI Project Manager +4550 333182 | sls@dhigroup.com
16 Male Water Resources +3324048744
Bertrand Richaud DHI Expert 7 ber@dhigroup.com
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Technical training 2" to 4" April 2019 — Nay Pyi Taw

N Name Gende Department Ministry Job Title Phone E-mail No

o r Days

1 [Daw Aye Aye Khaing Female|DOA MOALI |Staff Officer 943017225 |aayekhaing2016@gmail.com 3
2 |Daw Kyi Kyi Win Female|ECD MONREC |D.S.0 9769073544 |kyikyiwin.ecd@gmail.com 1
3 |Daw Marlar Aung Female|ECD MONREC |Director 9784066228 1
4 |Daw May Eaindra Kyaw Female|ECD MONREC |D.S.0 9454316548|mayeaindrakyaw.ecd@gmail.com 3
5 |Daw May Htay Su Kyi Female|DMH MOTC Deputy Superintendent 9257802700|mayhtaysukyi86@gmail.com 3
6 |Daw May Myat Mon Female|ECD, EIA MONREC |S.0 9420719076({Maylay.yaul981@gmail.com 3
7 |Daw Nway Nway Soe Female|DDM MSWRR |AD 9422203910|Nwaynwaysoel1976@gmail.com 3
8 |Daw Sandar Myint Female|ECD MONREC |Staff Officer 9799800413|Sandarmyint23888@ gmail.com 3
9 |Daw Swe Swe Yee Female|DOA MOALI  |Staff Officer 9795433919|swesweyeelb6@gmail.com 3
10 Es;"i’nTgha”darW'”tW'”t Femalelc MONREC |Assistant Director 9450028742 tdwindwrm@gmail.com 5
11 |Daw Thin Thuzar Win Female|ECD MONREC |DD 9250186101 |Thinthuzar1981@gmail.com 3
12 F | MOSWR

Daw Toe Toe Than Naing €M Hom R 05 S.0 9250553345 |toetoethannaing@gmail.com 1

13 |Daw Wai Soe Zin Female|ECD MONREC |SO 9784000218|Soezin.wai@gmail.com 1
14 Daw Zin Mar Phyu Female|ECD MONREC |Staff Officer 9250964549|zinmarphyul23@gmail.com 2
151 5r. Aung Kyaw Thu Male |par MOALI g‘:‘;'csgfnt research 9420700614|Aungkyawthu.dar@gmail.com 3
16|Dr. Ei Phyu Win Female|YAU MOALI |Assistant Lecturer 9421176775 |eiphyu000@gmail.com 3
17 |Dr. Khin Zar Kyaw Female|DOA MOALI |Staff Officer 9793978793 |zarkyaw@gmail.com 3
18(Dr. San Oo Male |ECD MONREC |DDG 67431326|sthandaroo@gmail.com 1
19 (Dr.Ye Myint Swe Male |ECD MONREC |Deputy Minister 9429281104 1
20|Dr.Zaw Zaw Latt Male |IWUMD MOALI |Assistant Director 95140175|zawzawlatt@khalsa.com 3
21|U Aike Kham Male |AMD MOALI DSO 9400018805|Aikekham17 @gmail.com 3
22 (U Aung Thurein Maw Male [IWUMD MOALI |S.O 9791480482 |thureinmaw@gmail.com 3
23 (U Hein Latt Male |PCD, ECD MONREC |A.D 9953789828|Nyilatt48@gmail.com 3
24|U Hla Maung Thein Male |ECD MONREC |DG 67431322 |Hlamaungthein.env@gmail.com 1
2 - ication.

> U Kyaw Moe Aung Male ECD MONREC |Project Manager 9970541056 I;yawmoeaung@natlonalcommunlcatlon or 3
26|U Kyaw San Naing Male |ECD MONREC |Director 9420704775 |kyawsannaing.enu@gmail.com 1
27|U Kyaw Soe Win Male |ECD MONREC |D.S.0 9250803879 |kyawsoewin.ecd@gmail.com 2
28|U Min Maw Male |ECD MONREC |Director 67431320 1
29|U Myo Tun Oo Male |DMH MOTC |A.D 9250954663 |myotunoo2009@gmail.com 3
30|U Paing Hsu Lwin Male |ECD MONREC |S.0 943016782 |painghsulwin.env@gmail.com 2
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N Name Gende Department Ministry Job Title Phone E-mail No
o r Days
31|U San Win Male |ECD MONREC |AD 9788259959|Sanwin.ecd@gmail.com 3
32|U Sein Htoon Linn Male |ECD MONREC |DDG 67431320 1
33|U Thet Moe Tun Male |DALNMS MOALI |Staff Officer 9797922915|Thetmoetun.npt@gmail.com 2
341U Thet 0o Male |Survey MONREC |DG 9448534640
Department 1
35|U Ye Zaw Male |ECD MONREC|D.S.0 9955644788|Yezaw.cu@gmail.com 3
Silvia Leirido Female|DHI Project Manager +4550 333182 |sIls@dhigroup.com 3
Bertrand Richaud Male |DHI Water Resources Expert [+33240487447 |ber@dhigroup.com 3
Hans Christian Ammentorp Male |DHI Water Resources Expert hca@dhigroup.com 1
MEDIA:
Kay Thwe San Female|Sky net Reporter 9420717973 -
Poe Au Male |Sky net Host 9898137128|poeauyanaing008@gmail.com -
Than Zaw Oo Male |Sky Net Cameraman 9455714273 -
Daw Ei Ei Phyo Female|MRTV Reporter 943180322 |eiphyo9017 @gmail.com -
U Nyein Chan Aung Male |[MRTV Reporter 9978687499 -
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Technical training 5" April 2019 — Yangon

No Name Gender | Department | Ministry Job Title Phone E-mail

1 Aye Myat Mon Kyaw | Female | HIC NWRC Junior Researcher 095195563 | amandakyawsoe@gmail.com

2 Kyi Kyi Thar Female | HIC NWRC Junior Researcher 09421074025 | kkt.hic.researcher@gmail.com

3 Hnin Sandar Lwin Female | HIC NWRC Junior Researcher 09973958478 | hsl.hic.researcher@gmail.com

4 Thet Su Su Hnin Female | HIC NWRC Secretariat Technical Officer 09795628625 | thetsusuhnin@gmail.com

5 Phyu Thinzar Kyaw Female | HIC NWRC Junior Researcher 09952111303 | ptkz.hic.researcher@gmail.com
6 Shelly Win Female | AIRBM, ICEM Modelling Specialist 095096391 | shellywin.zigmo@gmail.com

7 Theint Theint Aye Female | AIRBM, ICEM Stakeholder Consultation Specialist 09764859864 | ttaye9l6@gmail.com

8 Aye Chan Myint Female | AIRBM, ICEM Water Resources Specialist 09458489918 | ayechanmyint28@gmail.com

9 May Myat Myat Aung | Female | HIC NWRC Junior Researcher 097866054480 | mma.hic.researcher@gmail.com
10 | Nandar Nwe Female | HIC NWRC NWRC Secretariat Science Officer 095147656 | nandar.nandarwe@gmail.com;
11 | Nay Chi Win Maung Female | AIRBM, HIC NWRC Junior Researcher 095012168 | hcwm.hic.researcher@gmail.com
12 | Hnin Phyu Sin Female | AIRBM, ICEM Staff Officer 0959429486328 | hninphyusin2028@gmail.com
13 | Silvia Leirido Female | DHI Project Manager +4550 333182 sls@dhigroup.com

14 | Bertrand Richaud Male DHI Water Resources Expert +33240487447 | ber@dhigroup.com
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