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Abstract Precipitation is important to life on Earth. It is a
predominant process in the global hydrologic cycle and is an
indispensable component of water balance analysis.
However, in some area like the Tonle Sap basin in
Cambodia, the information on precipitation is deficient and
sometimes difficult to access. In this case, satellite remote
sensing coupled with GIS techniques have been applied and
considered as a powerful and effective tool in handing
precipitation analysis tasks. Recently, the Google Earth
Engine (GEE) platform provides satellite datasets and
collection of the tool for analysis of data using JavaScript
without downloading huge data from the Internet. In this
study, we aimed to evaluate the application of GEE platform
for retrieving and analyzing precipitation data of the
Tropical Rainfall Measuring Mission (TRMM) in Tonle Sap
basin (TLS). The methods included: (1) to collect the
satellite precipitation data (3B43V7) by manual download
and by retrieving them from GEE platform; (2) to analyze
monthly precipitation over the study area by GIS analysis
functions and by JavaScript on the GEE platform, data in
2010 was sampling as a case study; and (3) to compare
results from both GIS and GEE with observation data from
ground stations. The results showed the good correlations
between the precipitations from manual download and those
from a GEE platform, with R greater than 0.9. In short, the
application of GEE platform is very effective; it provides a
comprehensive tool for managing time-consuming tasks,
like precipitation data collection and analysis, and results in
reliable outputs.
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Introduction

Precipitation is a critical variable in the global
hydrologic cycle, and it influences our daily lives
(drought, floods, agricultural, irrigation, outdoor
activities, etc.)[1]. However, the accessibility of
precipitation data in the Tonle Sap Lake region is one
of limitations to conduct a comprehensive hydrological
analysis.

In this case, the techniques of satellite remote
sensing have been widely used and been considered as
a powerful and effective tool in perceiving
precipitation. However, a massive datasets have to be
downloaded; satellite image processing with
geographic information system (GIS) analysis function
is the prerequisite before retrieval ofrainfall
information.

Recently, the Google Earth Engine (GEE)
leverages cloud computing services to provide analysis
capabilities on over 40 years of Landsat data[2], and
others satellites. As a remote sensing platform, its
ability to analyze global data rapidly lends itself to
being an useful tool on data visualization [3].
Additionally, dataset is processing of geospatial
datasets an online for rapid visualization of complex
spatial analyses using the Javascript Application
Programming Interface (API). This API allows us to
develop a code in order to get datasets of publicly
available remotely sensed imagery and other data.

This study aimed to apply the GEE platform
for automatically retrieving and analyzing precipitation
data of the Tropical Rainfall Measuring Mission
(TRMM) in Tonle Sap Lake basin (TLS), Cambodia.
The methods included: (1) to collect the monthly
precipitation data (3B43V7) by manually download
and to retrieve from GEE platform; and (2) to compare
a selected precipitation data of whole TLS basin in
2010, derived by GIS analysis functions and by
JavaScript on a GEE platform, and (3) to compare both
GIS and GEE with observation data from ground
stations.

Material and Method
A. Study Area

The Tonle Sap Lakeis the largest permanent
freshwater lake, locating in Cambodia at the Lower
Mekong River basin [4]. During the dry season, the
lake is about 120 km long and 35 km widewith an area
of about 2500 km®. A bathymetrical survey of the lake
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proper, conducted between 1997 and 1999, revealed a
relatively flat bottom, with a maximum depth of about
3.3 m[5].During the flood period the Lakeexpands to
250 km long and 100 km wide with an area of about
17,500 km®, and the depth reaches 8-10m. The
floodplain surrounding the lake extends 20-40 km and
is dominated by seasonally inundated forest and rice
field [5, 6]. The Tonle Sap basin, extends over 44% of
Cambodia’s total area 80,000 km?. 32% of Cambodia’s
total populationdepend on this lake in living [7].

There arefiveprovinces bordering Tonle Sap
Lake namely: Siem Reap, Battambang, Pusat,
Kampong Cham, and Kampong Thom. Tonle Sap
Basin consists of 11 sub-basins: namely (1) Stung
Sreng, (2) Stung Chikreng, (3) Tonle Sap, (4) Stung
Pursat, (5) Stung Dauntri, (6) Stung Boribo, (7) Stung
Sangker, (8) Stung Monkong Borey, (9) Stung Staung,
(10) Stung Sen, (11) Stung Chinit and (12) Stung
Sieamreap (Fig. 1).

Tonle Sap basin climate influences from the
tropical monsoon seasons. Dry season runs from
December to April and rainy season comes when the
winds shift into the southwestmonsoonfrom May to
November. The monsoon returns south during August
and October when the rainfall is usually heavier, with
the highestrainfall in October.

B. Satellite Precipitation-TRMM 3B43V7

Many studies have been conducted on
detecting diurnal cycles of precipitation over different
parts of the world usingsatellite data, especially the
Tropical Rainfall Measuring Mission (TRMM)][8].
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Recently, data 3B43 is monthly executed to
produce the precipitation rate field (3B43). These were
combining the 3-hourly merged high-quality/IR
estimates (3B42) with the monthly accumulated Global
Precipitation Climatology Centre (GPCC) rain gauge
analysis. Data are available from 1998 to presentat
https://pmm.nasa.gov/data-access/downloads/trmm.

C. Precipitation Processing by GEE Platform

Google Earth  Engine (GEE)platform
facilitates a fast analysis by using Google’s cloud-
computing

infrastructure(https://earthengine.google.org/). The pre-
processed monthly data of Tropical Rainfall Measuring
Mission data, or TRMM3B43V7, available through
GEE was used to assess precipitation data across the
study area. The spatial resolution of the above datasets
are all equal to 0.25°x 0.25° with monthly gridded
rainfall data [9, 10].

This process is using JavaScript coding in
GEE platform screen. TRMM 3B43V7 datasets could
be specified location of boundary of Tonle Sap basins
in coding. At the end, the amount of precipitation data
had retrieved each sub-basins in CSV which can open
with MS Excel to interpret data in number.

D. Thiessen Polygon Method
The Thiessen polygon methodallows for areal

weighting of rainfall from each gauge. A; is polygon
area, P;is average precipitation and A is total area [11].
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Fig. 1. Boundary of Tonle Sap Basin and location raingauge stations
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E. Statistical Indicators

Correlation coefficient (r) is measured on a
scale between -1 and +1 to determine the extent to
which two sets of paired values are related in a linear
fashion. The number closer to -1 and +1 are -1 is a
perfect negative linear correlation, whereas the number
closer to +1 is a perfect positive linear correlation, and
0 is no correlation.
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Root mean square error (RMSE) is the square
root of the mean of the summation of squared
differences between two sets of values where there are
n number of paired values x and y. This statistic
provides an absolute (neither positive nor negative)
value of differences between two sets of values. A
smaller value signifies less error.

3)
F. Methodology

In this study, 94 rainfall stations from
Mekong River Commission (MRC) and Cambodia’s
Ministry of WaterResources and Meteorology
(MoWRAM) were selected which covered almost the
entire of Tonle Sap basin.

To achieve the research objectives, data
processing methods were divided into three main parts
(Fig. 2), including manual data acquisition and GIS
processing, GEE-based data processing and gauge
observation using Thiessen Polygon method.

The first part is to download monthly
precipitation in 2010 (TRMM 3B43v7) in raster format
(HDF), and use GIS analysis functions to interpret
data, change coordinate system to the same area. Using
the function “Zonal statistic as table” in order to get the
amount of precipitation with “shape file of boundary”.

The second part is to develop the JavaScript

code on the GEE platform
(https://code.carthengine.google.com).The code
included: importing the TRMM image dataset;

specifying the boundary of study area by uploading
shape file into GEE data script; extracting the mean
monthly precipitation of the basin by writing code on
script (see example in Fig. 3). After having execute the
code, the precipitation data were retrieved on sub-
basins automatically.

Lastly, the areal precipitation from gauge
station were estimated by Thiessen Polygon method.

Precipitation of basin was summarized using “Zonal
statistic as table” with boundary of basin. The
precipitation data retrieved from the first and second
methods were finally compared with the observed data
from gauge stations for the entire basin and each sub-
basin. Statistical indicators, correlation coefficient (r)
and RMSE, were estimated.
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Fig. 2. Research framework
Results and discussions
A. Monthly Precipitaion Depth

Fig. 4 shows monthly precipitation of the
Tonle Sap Basin in 2010, derived from 3 methods: GIS
analysis of downloaded TRMM data (GIS), GEE
processing (GEE) and observed rainfall with Thiessen
Polygon estimation (OBS).

1) TRMM Precipitation from GIS vs.
Processings
The amount of precipitation from TRMM
3B43V7 using both GIS analysis of downloaded data
(GIS) and Google Earth Engine processing (GEE)
methods were well matched with almost identical
rainfall depths from January to December on 2010. In
dry season from November to April, rainfall varied
from 8 to 70 mm, while in wet season from May to
October, rainfall varied from 100 to 300 mm. The
highest precipitation can be observed in October
around 300 mm. GEE provided an almost similar the
amount of rainfall compared to manually download
rainfall.  There are somewhat difference between
0.005 to 1.8 mm due to round-off errors during data
processing.

GEE

2) Precipitation from GEE Processings Vs.
Observation

From Fig. 4, TRMM precipitation from GEE

processing and basin rainfall estimation from gauge
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station (OBS) were well captured the amount of
monthly rainfall. By comparing GEE rainfall with rain
gauge data, we can observed an over-estimated rainfall
by GEE mostly during dry period from January to June
(4 to 20 mm), in October and in December. Rainfall by
GEE were under-estimated during wet period from
July to September 30 to 49 mm. However, these values
were observed as less error between rainfall from GEE
and observation. Fig. 5 showed the spatial data on the
monthly average rainfall in millimeters from the GEE
platform.

r greater than 0.99 whole basin. Finally, both methods
GEE and GIS provided a good correlation with the
gauge which showed the r value greater than 0.97 and
the highest RMSE of basin about 16 mm.

Statistical indicators of each sub-basins were
presented in Table II, the indicators demonstrated the
good correlations of rainfall between GIS vs. GEE,
GEE vs. observation, and GIS vs. observation. The
correlation coefficient, r, are 0.99, 0.81 and 0.80
respectively.

Table 1. Statistical Indicators of Basin

3) Precipitation from GIS Processing vs. | Method r RMSE
Observation GhE v 55 157 o
Based on result shown in Fig4, the A : :
. . . GIS vs. OBS 0.977 15.88
differences of rainfall depths between GIS processing
(GIS) and the gauged observation (OBS) are Table I1. Statistical Indicator of each Sub-basins
comparable to those between GEE and OBS. The < =T Gisys GEE GIS vs. OBS GEE . OBS
identical months of over- or under-estimation were | pasin r RMSE - RMSE - RMSE
observed. The GIS rainfall were over-estimated from | 1 0.9898 120 | 0.8713 | 23.56 | 0.8818 | 23.97
the lowest of 4 mm on December to the highest of 20 | 2 0.9997 113 | 08719 | 2721 | 0.8259 | 27.73
mm on June. 3 0.9998 1.73 | 0.9611 17.72 | 0.9347 17.94
4 0.9998 2.15 | 09723 24.81 | 0.9424 25.80
L . 5 0.9905 1.39 | 0.8437 23.49 | 0.8824 23.62
B. Statistical Indicators 6 0.999 | _2.36 | 0.8089 | 20.73 | 0.8984 | 21.46
7 0.9991 2.36 | 0.9032 39.27 | 0.8010 38.77
Statistical indicators of the whole basin were | 8 0.9997 7.26 | 0.8864 | 29.70 | 0.8725 | 26.18
shown in Table I, the amount of precipitations from ?0 32291 (l)gg ggg% 195; gggg; égfi
manual download and those from a GEE platform 299 : 939 29 : .

. .. . . 11 0.9997 1.00 | 0.8326 24.96 | 0.8757 24.64
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Fig. 4. Montly rainfall in 2010 estimated by three methods: GIS analysis of downloaded data (GIS), GEE
processing (GEE) and observed rainfall with Thiessen Polygon estimation (OBS)
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Conclusions

Both precipitations from manually download
and those froma GEE platform provided an almost
similar rainfall depth for each sub-basins and the entire
basin. However, the amount of precipitation of each
sub-basins had some error because of uncertainty and
location of the gauges in basins. TRMM 3B43V7
dataset provided high correlation when compared with
the gauge stations. In short, the GEE platform is an
effective tool which provides a comprehensive for
managing time-consuming tasks, namely precipitation
data collection and analysis. It is a new concept of
remote sensing platform on how to get satellite datasets
easily and quickly with results in reliable outputs.
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