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ABSTRACT

Small watershed has a quick response of both meteorological and hydrological variables which led to the critical impact
of discharges, especially for a small island. However, the watershed generally has lacked ground observation data. Thus,
many engineers and scientists have used the geostationary satellite to develop a continuous data observation, such as
Tropical Rainfall Measuring Mission (TRMM) and recently Global Precipitation Measurement (GPM). Unfortunately,
the environmental factor could generate anomalies for the satellite sensor data; hence, hydrological characteristics for
the small island are varied. Therefore, several calibrations using ground stations data are necessary to provide reliable
results. This paper proposes a regionalized hydrometeorological assessment for streamflow prediction on ungauged
small watersheds at part of Sumbawa Island, Nusa Tenggara Barat province, Indonesia. First, a block of satellite data is
developed which covered ungauged watersheds, ground rainfall stations, and Automatic Water Level Recorder (AWLR)
station. Next, an analysis of topography, land cover, and soil types are developed to identify homogenous hydrology
factors of watersheds. After several corrections on daily rainfall data using the reliable ground station on homogenous
meteorological conditions are done, the discharge will be calibrated using water level data from another gauged
watershed for developing hydrology variable references. Values of coefficient of correlation were > 0.60 during the
correction, validation, and calibration phases. Based on this assessment, the regionalized hydrometeorological shows a
satisfactory result on the small watershed for the streamflow estimation. This assessment is important for managing
ungauged watersheds in an uncertain climate, especially for developing a reliable discharge for the infrastructure
utilization.
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1. INTRODUCTION environments are varied, simplifying their characteristics

will lead to inaccurate results [4].
Developing reliable streamflow data are a highly

important critical step to provide effective designs for
infrastructures and watershed management, especially
for a dam [1]. However, the complexity of forecast
precipitation and development of reliable streamflow
data are challenging tasks for the hydrology analysis [2]
[3]. A holistic understanding of meteorological and
hydrological features in both global and local conditions
is necessary since all of them further influence rainfall-
runoff values in a watershed. Since the watershed

In addition, developing an assessment about
streamflow data in ungauged watershed especially with
small basins is quite challenging. It is due to the process
of obtaining equivalent variables from gauged watershed
which has similar meteorological and hydrology, as well
as appropriate temporal and spatial conditions, are
complex works [3] [5]. Generally, a small island has
various hydro-meteorological conditions, such as
rainfall, which can extremely differ between adjacent
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areas due to the extreme changes in altitude. On the other
hand, a small watershed has a quick response of both
meteorological and hydrological variables which led to
the critical impact of streamflow.

On the other hand, satellite remote sensing data
regarding climate records is progressively improved for
the last few decades. Satellite remote sensing has
provided such an effective tool for gathering topography,
atmospheric profiles, properties of the cryosphere,
thermosphere, ionosphere, and magnetosphere [6]. The
Tropical Rainfall Measuring Mission (TRMM) becomes
one of the reliable satellite data for the climate which has
a fine-scale and shows a positive correlation with
gauging ground station data [7] [8]. The satellite data was
further combined with ground station data in the gauging
watershed as a calibration to provide reliable synthetic
data. In which, The International Association of
Hydrological Sciences (IAHS) recommended three
techniques for predicting the streamflow in the ungauged
watershed, i.e.: the physical similarity, radar altimetry,
and regression method [3].

Sumbawa, one of the small islands in eastern
Indonesia, has a special condition. It is struggling for both
surface and groundwater availability. Therefore, it needs
numerous infrastructures for capturing as much rainfall.
This island has = 400 dams and small dams. For
collecting the hydrometeorology data, Sumbawa has 117
rainfall stations (both manual and automatic), 11 water
level recorder stations, and 11 climate stations (see Fig.
1). However, most of the rainfall stations, water level
recorder, and climate recorder were not integrated into
one watershed. Therefore, sometimes they have various
results for two nearest dams that have similar hydrology
conditions because they used different data.

Figure 1 Rainfall stations, water level stations, and
climate stations in Sumbawa Island.

This paper proposed a regionalized
hydrometeorological — assessment  for  streamflow
prediction on several ungauged small watersheds at part
of Sumbawa Island, West Nusa Tenggara province,
Indonesia and takes a small watershed on a small island
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as the example. Data will be derived from TRMM,
especially 3B42 daily data (TMPA) Precipitation L3 1
day 0.25-degree x 0.25 degree V7 data which have -
180.0, -50.0,180.0,50.0 spatial coverage and 1998-01-01
to 2020-01-01 temporal coverage.

Next, the selected satellite data will be corrected with
ground station data which have long and similar
historical precipitation data as well as have equal
hydrology conditions. Furthermore, calibration will be
held by using daily discharge from water recorder station
data to develop reliable streamflow data.

2. STUDY AREA AND DATASETS

Sumbawa Island, located in West Nusa Tenggara
province, Indonesia, has geographic coordinate 05° 54° -
09° 07° S and 117°42” - 119° 05” E. This island covers
four districts, i.e: Bima city, Bima district, Dompu
district, Sumbawa district and Sumbawa Barat district
with 15,319.450 km? area. Sumbawa is also divided into
555 watersheds with various hydro-meteorology
characteristics.

This study will focus on developing reliable
streamflow data for the Sanggupasante dam, which is in
Dompu district, West Nusa Tenggara province,
Indonesia. This dam has a geographic coordinate 08° 29’
26.09” S and 118° 17° 43.67” E. The inflow comes from
two seasonal rivers with 5.893 km? total area of the
watershed, 6.00 km length of the main river, 0.04 mean
slope, 81.60 composite CN and 935.62 mm average
yearly rainfall. This watershed is in the semi-arid zone
with a maximum probability rainfall amount between 600
mm and 650 mm [9].

Figure 2 The Sanggupasante dam catchment area

Recently, the nearest reliable rainfall station is only
Gapit station, which has 08° 50° 7.09” S and 117° 56°
29.29” E and is in an arid zone with a maximum
probability rainfall amount between 450 mm and 500 m
[9]. For the discharge data calibration, this research used
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the Tawali station, which has 08° 18> 05.99” S and 118°
50” 02.00” E and is located in an arid zone with a
maximum probability rainfall amount between 450 mm
and 500 m [9]. Furthermore, the TRMM data were
developed from 41, 42, 43, 44, 45, 53, 54, 55, 56, 57, 65,
66, 67, 68, and 69 grids which covered all those stations
(see Fig. 3).

PETA LOKASI POS HIDROLOGI
DT SANGGUPASANTE

Figure 3 TRMM grid area which covered the
Sanggupasante dam, the Gapit rainfall station, and the
Tawali gauging station.

3. METHODOLOGY

The hydrological modelling is performed with three
hydrograph units, i.e.: Clark’s, SCS, and Snyder on daily
basis. The models were implemented on the three
watersheds (dam, rainfall, and water level gauging
stations) with raw input from TRMM satellite data,
corrected with rainfall ground station data, and calibrated
against observed discharge.

3.1. Correction of The Hydro-Meteorological
Models

First, it is confirmed that the continuous rainfall data
from both the ground station and TRMM have more than
20 years of missing records of less than 5%. Then, data
quality from ground station rainfall data are checked by
comparing ground station data with specified TRMM
grid which covered ground station watershed. Data
outputs are judged satisfactory when they have a

Table 1. Correction factors calculation

Rainfall interval (mm)

Correction Factor
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correlation coefficient of more than 60% and a Root
Mean Square Error (RMSE) value less than 200.

Next, preliminary analysis for correcting TRMM data
for a tropical zone with ground station data could be held
with the formula as follow: a) TRMM rainfall data which
have 0 — 10 mm values are small and insignificant; b) for
TRMM values from 50 mm to 100 mm usually have
reduction about 0 - 20% [7]; ¢) TRMM which have more
than 100 mm values usually have multiplied by 1 — 1.3.
Furthermore, the corrected TRMM data are compared
with ground station data.

3.2. Calibration of The Hydro-Meteorological
Models

The first stage for calibration of hydro-
meteorological data is calculated the average value of all
TRMM grids. Thus, the results are being corrected with
a coefficient derived from the previous analysis. Along
with that, the ground data such as elevation, slope, soil
type, and land cover of those locations should be defined
for developing the values of saturated hydraulic
conductivity, hydrological soil group, and cumulative
CN.

Next, ground data for gauging watershed is derived
for input as parameters of three hydrograph units with
TRMM corrected data for developing discharge values.
The calculated discharge is next being calibrated against
observed discharge from the gauging station.

The three hydrological models were then validated
for the reference ground values about the Nash efficiency
criteria NSE [10].

| gobs _ nsim z
NSE = 100 {1 —M} D
Z:’(thi_@m]

Where Qf% is observed discharge and @™ is
simulated discharge for the month i, and @, is average
observed discharge along period of the dataset.

The model outputs are judged very good when NSE
value is higher than 60%, good when NSE value is
between 40% - 60%, satisfactory when NSE value is 20%
to 40% and unsatisfactory when NSE value is less than
20%.

RMSE before RMSE after

0.3893 0.3785

0-5 0.50
5.01-30 0.89
30.01-50 112
50.01-60 1.20
60.01- 100 1.75

> 100 2.07
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4. RESULTS AND DISCUSSION

Thus, model input is necessary for generating a
reliable output. The proposed assessment comprises
several stages, which are applied in series. This section
summarizes each correction and calibration with statistic
measurement.

4.1. Implementation of The Hydro-
Meteorological Similarity on The Rainfall
Ground Station Watershed

Data availability will be determined by the
acceptability of data, calibration, and validation stages.
The hydrology model will depend on ground station data
if discharge records from the river. Based on the Gapit
rainfall gauging station, the main period of data available
for 22 years (1995 to 2016). Hence, grid TRMM data for
the Gapit area (grid 65) should be exactly accessible.
Next, the two correction tools (RMSE and correlation)
were then applied to compare the TRMM grid and Gapit
data.

Based on the analysis, the correlation value between
TRMM grid 65 and Gapit data is 0.65. It shows RMSE
value after calibration is slightly less than RMSE before
calibration with a total RMSE is 6.05 mm (less than 200
mm).

" ! L] | mir
" .:”J U U\ AU .)\1|"I\’\‘!f_}zﬂ\-J

Figure 4 Comparison between TRMM grid 65 and Gapit
rainfall data

4.2. Implementation of The Hydro-
Meteorological Similarity on The Reference
Watershed

After determining the coefficient factor for the reference
watershed, the average rainfall data from the TRMM grid
which covered the targeted watershed, rainfall station
watershed, and gauging station watershed are divined as
reference rainfall values.

Next, average data from all covered grid is compared
with grid 65, while both have similar patterns (see Fig.
5). Furthermore, rainfall data derived from TRMM
reference are calculated with ground data characteristics
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of the discharge gauging watershed for developing
discharge values reference using three hydrograph units.

Figure 5 Probability curve between TRMM grid 65 and
Gapit rainfall data

Figure 6 Comparison between TRMM grid 65 and
average TRMM data

Graph for Sink "Sink-1" — [} ple
,T Sink "Sink-1" Results for Trial "PDA TAWALI CLARK"

a 4
4.0
=] 354

3.0+

254

2.04

Flow (erms)

1.5+

1.0

0.5+

0.0 T T

Jan Mar May Jul Sep MNov
| 2006

Legend (Compute Time: DATA CHANGED,, RECOMPUTE)

—— OpLPDA TAWALI CLARK Element:Sink-1 Resull:Observed Flow EXPIRED

OpLPDA TAWALI CLARK Element:Sink-1 Resull:Outflow EXPIRED

—— = OpLPDA TAWALI CLARK Element:W1 Result:Outflow EXPIRED

Figure 7 Calibration data Tawali discharge station with
Clark’s unit hydrograph
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Figure 8 Calibration data Tawali discharge station with
SCS unit hydrograph
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Figure 9 Calibration data Tawali discharge station with
Snyder unit hydrograph

A set of three calculations were performed for the
targeted watershed. The calibration is compared on
Clark’s, SCS, and Snyder hydrograph values with Tawali
discharge data using Nash efficiency criterion (NSE).
The assessment shows that Clark’s UH, SCS UH, and
Snyder UH have 0.385, 0.528, and 0.645 NSE values.
Therefore, Snyder UH has the highest NSE value
compared with others (see Table. 2).

Table 2. Rating performance

Methods Rating
performance
Clark’s UH 0.385 Satisfactory
SCS UH 0.528 Good
Snyder UH 0.645 Very good

4.3. Prediction for the targeted ungauged
watershed

The prediction of reliable discharge for ungauged
watershed was made from the assessment that the
model’s parameters of the reference watershed are like
the targeted watershed.
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The simulated reliable discharge for the
Sanggupasante dam is showed that the lowest value
occurred in August. Hence, the maximum discharge
occurred in February with multiplied values.

Taken together, the hydrometeorological assessment
shows a fair result for simulating reliable discharge from
an ungauged watershed. Implementation of the three
unit’s hydrograph reveals a capability of the model to
develop monthly reliable discharge in Sumbawa Island.
The use of NSE methods for calibrating the model has
shown that reliable discharge has very good performance
(64.5%).

5. CONCLUSIONS

Figure 10 Reliable discharge of Sanggupasante dam

Reliable discharge has an important role in water
resources management. Especially for dam simulation,
this has a significant impact on improving water
utilization. The ungauged watershed is also still a
challenging problem in the hydrology and meteorology
area. The hydro-meteorology assessment is promising to
improve the reasonable methodology for developing
discharge in the ungauged watershed.

However, by 2020, the Tropical Rainfall Measuring
Mission (TRMM) was replaced by Global Precipitation
Measurement (GPM). Therefore, in future research about
satellite data, TRMM data should be extended by GPM
data [13].
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