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Abstract

Information on the effect of forest cover changes on streamflow (river discharge) in large-scale catchment is
important to be studied. The rate of forest cover change in the Upper Citarum Watershed as a large-scale catchment
is high enough to drive streamflow change, such as increase of discharge level, or flood volume. Within the research
area, flood would occur when the volume of streamflow exceeded the canal capacity and inundated areas that were
normally dry. Therefore, this research focused on identifying the effects of forest cover change on flood events and its
distribution. The research consisted of 2 main stages; firstly, building geometric data of river and performing
frequency analysis of historical and scenario discharges using an approach of probability distribution; and,

secondly, flood inundation mapping using HEC-RAS model. The results showed that forest reduction have affected
water yield in the downstream of Upper Citarum Watershed. In each return period, this reduction have increased
river discharge level and affected the spread of flooded areas. In 2-year return period, the extent of flood as an impact
of forest reduction was estimated to decrease slowly. However, in the return period of more than 2 years, the spread of
flooded areas increased sharply. These proved that forest cover reduction would always increase the discharge

value, but it did not always expand the inundated area.
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Introduction

Citarum River plays a vital role for West Java citizens;
including fulfillment of water for domestic, industries, and
irrigation purposes (Fares & Yudianto 2004). Such role,
however, is decreasing due to the degrading Citarum
Watershed quality which increases its susceptibility to both
flood and drought (Apip et al. 2010; Boer et al. 2012). It is for
this reason that problems in Citarum Watershed have to be
immediately responded with accuracy. One of the efforts to
overcome flood related-problems is by providing the public
with convincing information on flood risk through flood
inundation map (Cook & Merwade 2009).

The development of flood inundation map can be carried
out by using 1D (one-dimensional) and 2D (two-
dimensional) approach; in which the former approach uses
HEC-RAS model, while the later uses FESWMS model.
According to Cook (2008), 1D model assumes that all water
flows in the longitudinal direction; whereas in the 2D model,
water flows in both longitudinal and lateral directions.
Furthermore, in 1D model, river bathymetry (bed
topography) is represented by a set of cross sections; which
does not actually represent the real topography. In 2D model,

however, this is represented by a continuous surface model;
namely, finite element mesh, and this better represents the
real topography (Hunter et al. 2007). However, such model
requires relatively more detail topographic data compared to
1D model. Horritt and Bates (2002) point out that, without
detail topographic data, the two models (1D and 2D) show
relatively similar performances. Since this research was
using topographic data with 30 m horizontal resolution, the
1D approach has been selected to complete the flow dynamic
and maps the inundated areas of the Upper Citarum
Watershed.

Dingman (1994) states that flood will occur when
watershed system experiences uncommon conditions, such
as high rainfall or continuous rainfall, causing river discharge
(streamflow) rate to exceed canal capacity. Apart from high
rainfall, another factor causing the increase of river discharge
is the change in land use, e.g. forest into non-forest
(Bruijnzeel 1990; Sahin & Hall 1996; Costa et al. 2003; Du et
al.2012).

Over the past 100 years, the relationship between forest
changes and water yield (e.g. river discharge, peak discharge,
or annual average flood volume) has become an important
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research topic, and this is studied by using direct experiment
on catchment scale. Generally, these researches (Hibbert
1967; Bosch & Hewlett 1982; Andre assian 2004; Brown et
al. 2005) use paired catchment experiments approach. The
general conclusion indicate that forest cover reduction
(deforestation) will increase water yield, whereas
reforestation in opened land will decrease it (Bosch &
Hewlett 1982; Andre"assian 2004; Farley ef al. 2005; Lima et
al. 2012). The amount of this reduction varies from one
experiment to another (Bruijnzeel 2004), and this is caused
by a complex interaction among vegetation, climate, and soil
(Zhou et al. 2010). Water yield changes is very much affected
by landuse change (especially, forest cover change); and, this
is determined by time-scale and catchment size (Brown e? al.
2005). In short term, deforestation will increase water yield;
generally, this hydrologic response appears on a small-scale
catchment (< 1 km®), while for larger watershed (> 100 km?)
the impacts can either be the same or the opposite (Wilk
2002; Costa et al. 2003; Brown et al. 2005; Pefia-Arancibia et
al. 2012; Hendrayanto & Sudomo 2013). Moore and
Wondzell (2007) use the term forest harvesting to depict
deforestation process. Research have shown that forest
harvesting has increased streamflow and rates of snowmelt
and generally, such condition will occur in small headwater
catchments (< 1 km’). This shows that forest's role and its
impact on water yield (including hydrologic cycle) varied
and is still debated (Andre assian 2004; Ellison et al. 2012).
Based on the weakness, this researches use a single
catchment approach to evaluate the impacts of forest
reduction on river discharge at large scale catchment (i.e.
Upper Citarum watershed). Wang and Yang (2013) have used
single catchment approach (i.e. Chaobai Watershed) to
evaluate the effect of land cover (e.g. urban land, cultivated
land, and forest) change on flood. They have integrated land
use/cover change (LUCC) analysis, hydraulic modeling and
statistical method to estimate the effect of LUCC on floods,
which is in line with our research approach. Ths reserach
aims to identify the effects of forest cover change on river
discharge and spread of flood. Return period of river
discharge will be estimated using probability distribution
method (theoretical frequency distribution), whereas spread
of flood inundation is mapped using 1D HEC-RAS hydraulic
model.

Methods

According to USACE (2010), HEC-RAS contains 4 one-
dimensional river analysis components, i.e. (1) calculate a
steady flow of water surface profile, (2) simulate an unsteady
flow, (3) sediment transport/mobile bed computations, and
(4) water quality analysis. This research only employed one
ability, that is, to calculate water surface profiles for steady
flow. In this model, calculation of water surface profiles was
carried out along the river channel; and this was conducted in
order, from one cross section to the next. The depth of water
surface was calculated using energy equation and completed
with iterative procedures known as standard step method
(USACE 2010). In the current version (HEC RAS 4.1.0), the
model has been integrated in GIS software. Based on this, the
spread of flood inundation can be estimated and mapped.
Details of this model can be found in user's manual of HEC-
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GeoRAS (USACE 2002).

River geometry Data were extracted from digital elevation
model (DEM) data assisted by digital topography map. River
geometry data would require at least 5 themes, namely;
stream centerline, banks, flowpath centerline, cross-
sectional cut lines, and Manning roughness coefficient value.
The first 3 themes were in order to the outer direction, both to
the right and to the left of the main river channel. For cross-
sectional cut lines, one condition must be fulfilled; i.e., the
data must only cross stream centerline, banks, and flowpath
centerline one time, both for the right and the left parts of
main river channel.

Probability analysis for steady flow In addition to river
geometry, data on the occurrence probabilities for both
historical and scenario discharges would also be required,
and these were calculated by using continuous probability
distribution approach. The initial stage of this approach was
to build an empirical distribution model for historical
discharge and select the best distribution model in line with
Anderson-Darling test. Based on the selected distribution
model, the probability distribution parameter value can be
determined. Following this, selected distribution model was
transformed into cumulative distribution function (cdf), and
historical discharge probability was then calculated based on
the inverse cdf, defined as shown in Equation //].

x= F(p|a, b) [1]
note:
X = the historical discharge for certain return period
F1 = inverse cdf
p = probability value
aandb = parameter values for selected probability
distribution

The determination of scenario discharge probability was
initiated by calculating the forest extent of Upper Citarum
Watershed, and several subwatersheds, including
Dayeuhkolot, Majalaya, Cengkrong, and Cangkuang based
on digital land use map in 1989, 1993, 2000, 2005, and 2010.
Percentage of forest extent was calculated based on the
Equation /2].

F,),_[”“’y]xloO% 2]

: 4,

note:

F,, = percentage of forest cover at the [" subwatershed and
inyeary

m;, = forest extent at the / " subwatershed and in year y,

while A,is /" subwatershed area
/ =a subwatershed with an outlet in Nanjung,
Dayeuhkolot, Majalaya, Cengkrong, or Cangkuang
y  =year(y=1989,1993,2000,2005,and 2010)

The next stage is to estimate empirical distribution
parameter value for 5 discharge data periods related to
percentage of forest cover (Equation /3/).

Parm (a,b),={(a;, b))j; (as by)y; ...; (as, bs);} [3]

note:
Parm (a,b); is parameter a and b for certain probability
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distribution at the-/" subwatershed (the same notation as
Equation /2]), while (a;, b;) to (as, bs) are parameters of  and
b for discharge data periods in 1989—-1992, 1993—1999,
2000—2004,2005—-2009, and 2010—2012, respectively.

There was a correlation arrangement between the
parameter value of empirical distribution (result of Equation
[3]) and forest cover percentage (result of Equation /2/), and
this was performed for each subwatershed. The relationship
between the empirical distribution parameter and forest
cover percentage could be defined as shown in Equation /4].

P(i, 1) =n,+n; F(]) [4]
note:

P(I,)) =the parameter value at the i probability

distribution (i = a parameter or b parameter) and at

th

the /" subwatershed (same notation as Equation
12]);

ny,andn;= regression constant, and F(/) is forest cover
percentage at the /" subwatershed. Based on
literature study, it was found that this approach has
notbeen used by other researchers.

Furthermore, based on Equation /4/, 3 scenarios of forest
cover change were developed, i.e.:

1 First scenario, percentage of forest extent was about 35%
from the total Upper Citarum Watershed area.

2 Second scenario, percentage of forest extent was assumed
to experience a decrease so that forest cover remained
about 30%.

3 Third scenario, percentage of forest extent at Upper
Citarum watershed was only about 25%.

If it were assumed that this empirical distribution model
was permanent and probability distribution parameter's
assumption followed the result of forest cover change
scenario, then 1" until 3" scenario discharge could be
estimated.

Flood scenario Results of HEC-RAS hydraulic model in the

forms of flood prone areas for each return period could be

obtained after data on river geometry and steady flow

(discharge) have been arranged. There were four flood

designed in this research:

1 The 1" flood scenario with input components comprising
ofriver geometry and historical discharge data.

2 The 2" flood scenario with input components comprising
ofriver geometry and the 1st scenario discharge as aresult
of forest cover change for 1st forest scenario.

3 The 3" flood scenario with input components consisting
of river geometry and the 2nd scenario discharge as a
result of forest cover change for 2nd forest scenario.

4 The 4" flood scenario with input components consisting
of river geometry and the 3rd scenario discharge as a
result of forest cover change for 3rd forest scenario.

Based on the model result (i.e., spread of flood under the

1" flood scenario until the 4th), flood status of the research

area could be assessed and determined. However, this could

be performed following the tested model result.

Model result testing In this testing, results of the
1" flood scenario were used and highest flood occurrence was
selected; that is, flood scenario with a return period
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of more than 50 years. Horritt and Bates (2002) and Knebl
etal.(2005)used the Equation /5] to test their model result:

Num (Smod msobs)
Num (Smod Usobs)
note:

S... 1s the sets of pixels or cells predicted as
flooded by the model; S, represents the number of pixels or
flood cells exist in satellite image; and, Num (.) shows the
number of members of pixel collection. F value varies,
ranging 0%—100%; the higher the percentage of model
result, the better and the more feasible is the model. Details
of methodology used in this research is depicted in Figure 1.

F= x 100 % /5]

Results and Discussion

Geographically, Upper Citarum Watershed lies at
longitude 107.38° E to 107.95° E and at latitude 6.76° S to
7.26° S, with a catchment area of 18,0270 ha. Topography in
this region extends from hilly to mountainous areas but flat in
the middle to form a basin area (Figure 2). According to
BBWS Citarum (2010), this kind of topography is prone to
flood inundations and the occurrence increases from year to
year.

Upper Citarum River geometry Position, length, and
number of cross sections became crucial inputs in water
surface profile calculation using HEC-RAS. Cook and
Merwade (2009) stated that the addition of cross sections
would be followed by an increase of model result detail level.
Based on this, the number of cross sections in study area was
increased from 44 to 324 using interpolation technique. The
width of cross-sections ranged 600—11,700 m with an
average spacing of 200 m. The result of river geometry
analysis showed that cross section formed in Dayeuhkolot
areas to Majalaya represented a big “U” letter; as a result, this
region was topographically more prone to flood inundations
than other areas such as Nanjung, Cangkuang, and
Cengkrong that represented a “V”’ letter.

Steady flow frequency analysis In this research, the volume
of steady flow (discharge) was studied according to the
historical and scenario conditions. Frequency of occurrence
of the 2 discharges was analyzed using probability
distribution approach, i.e. Gamma distribution for Nanjung
and Dayehkolot, Weibull for Cengkrong, and Log-Normal
for Cangkuang. Based on such probability distribution, the
volume of both historical discharge and scenario for several
return periods could be calculated.

Furthermore, historical discharge and scenario data
related to forest cover change have also been compared and
the results were shown in Figure 3. As seen in Figure 3a,
historical discharge in Nanjung was estimated to reach about
54.8,167.5,and 277.0 m’s” in return period of 2, 10, and 50
years, respectively. Nevertheless, when forest in upstream of
Nanjung remained only 25% (the 3" forest scenario), the
discharge values were 74.6, 237.5, and 398.2 m’s’ or
increased by approximately 36%, 42%, and 44% in return
period of 2, 10, and 50 years, respectively. This condition
was similar to what occurred in Cengkrong (Figure 3c);
meaning that forest cover shrinkage in this area would
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Daily discharge at Nanjung ,
Dayeuh Kolot, Majalaya,

Landuse map of the

Cenekr d Canek Landsat-7 SRTM DEMS Digital Upper Citarum in
e‘;g one, 31“98 gfg‘g O‘Q‘a“g imagery data topographic 1989, 2000, 2005, 2010
tations  ( ) (7 Jan 2002) (res. 30 m) map (1:25000) and 2025

Evaluation, correction, and verification of
data (attribute and analog )

v
| | | |

Compiling historical Extract forest extent data Sorting daily discharge into
discharge for each gauging Extract land use dat"d » watershed from land use map in 1989 four periods of data , namely:
station m"rph"m,e”y(:]%“d ”}T er geometry (as baseline), 2000, 2005, 1989, 1989-2000,1989-2005
i using GIS technique 2010 and 2025 19892010
Building the empirical ¢ L ¢
distribution model of River geometry Calculating forest cover Building the empirical
historical discharge * Cross section (XS) percentage based on ratio distribution model for four
‘ * Banks between forest extent on periods of data
* Stream centerline particular year and the ones in
] . o;p * Flow path centerline baseline year ¢
* Landuse l al ; B1
Empirical distribution of Forest cover i .012 ’ng; B3
discharge; percentage for 4 land ‘ ‘Oﬂ ; B4
o and B parameter Estimating flood prone use period
area using HEC-RAS <
model Empirical distribution of
Building relation discharge for 4 periods
v L between forest cover of data
Ca!culating return * * per;?rl;f:té;‘zfa“d l
period of historical Spread of flood Spread of flood discharge
discharge prone area prone area distribution (¥) Parameter of distribution
under historical under scenario (aand B) for 4 periods
i condition condition - of data
Historical v T o
discharge for return — .
period Flood prone e
<2,5,10,25 and arcas for return ? Scenario of forest
>50 years period more 44* extent change
than 50 years
Parameter of
Actual scenario discharge
flood for distribution
return
period ¢
more Calculating the
than 50 .
year return perlpd of
scenario
[ | discharge
Spread of flood prone v
area under corrected | Evaluation L
historical condition Scenario discharge
i for return period
Flood status of <2,5,10,25 and
the Upper >50 years
Citarum
Watershed

Figure 1 Flow the estimation and mapping of flood inundation according to historical and scenario discharges using 1D HEC-
RAS model.
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Figure 3 Comparison between the historical discharge and scenario at four gauging station, i.e. Nanjung (a), Dayeuhkolot (b),

Cengkrong (c), and Cangkuang (d). The 1°—3" scenario discharge represent forest cover percentage about 25-35%.
Historical discharge (—@=), 1" scenario discharge (—&—), 2" scenario discharge (=), 3" scenario discharge (—&~).
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increase the river discharge level for each certain return
period.

Figure 3b and Figure 3d showed different results when
these were compared with Figure 3a and Figure 3c.
According to Figure 3b (Dayeuhkolot Station), the 3"
scenario discharge would decreased sharply about 35% from
historical discharge in 2-year return period, but in return
period of 10 and 50 year, the scenario discharge would
increased to about 11% and 29% from the historical
discharge. At Cangkuang Station (Figure 3d), percentage of
the 3" scenario discharge changed against historical
discharge would increase rapidly more than 150% in return
period of 2, 10, and 50 years. This findings were in line with
the studies conducted by Wangcheng (1983), Bruijnzeel
(1990), Costa et al. (2003), and Pefna-Arancibia et al. (2012).
They revealed that the effect of forest cover shrinkage on
surface runoff, peak discharge, and flood volume would
emerged in small scale catchment (< 1 km®), but for larger
catchment (> 100 km®) the impact would increase or
decrease. The Upper Citarum Watershed could be grouped as
large-scale catchment, and the total catchment area was more
than 1800 km’. In this large-scale catchment, forest cover
reduction has caused a change of river discharge level in all
hydrometry stations (i.e. Nanjung, Dayeuhkolot, Cengkrong,
and Cangkuang). Generally, an increase of river discharge
would occured in return period of more than 2 year, while
in 2-year return period, this event might be similar or the
opposite.

Flood scenario at the Upper Citarum Watershed In this
case, distribution of flood prone area according to scenario
discharge as a result of forest cover change, could be
simulated using HEC-RAS model, and the result could be
shown in the following sub-part.

Model result accuracy Results of flood simulation using
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HEC-RAS model indicated that the spread of flood areas in
the Upper Citarum Watershed extent from Cilampeni (village
in eastern Nanjung Station) to some villages in Rancackek
Subdistrict. The width of flood inundation was estimated to
stretch from north to south and its spread depended on the
topographic form of the region. The estimated flood extents
which was produced by HEC RAS model fit the result of the
Landsat-7 image recorded on Januari 7, 2002, during the
time when Upper Citarum underwent huge flood (return
period of more than 50 years). Resemblance level between
the resulted and observed (Landsat imagery) model was
approximately 74% (Figure 4c), meaning that the model is
able to predict flood extent and spread with about 74%
accuracy; consequently, this model is feasible to be used in
further analysis.

Flood scenario Figure 5 showed the spread of flood areas
for return period of 2 and 50 years under the 1" flood scenario
and 4", respectively. Figure 5a showed the flood prone areas
under the 1" flood scenario. As shown in this figure, flood
coverage with a return period of 2 year has reached more than
42 km’ and this caused floods in 60 villages (Figure 5al),
where the largest flood coverage occurred in Sumbersari
Village of Ciparay District (nearly 4.75 km®). In return period
of 50 years (Figure 5a2), flood coverage was more than 100
km’ and it would inundate approximately 98 villages; in this
flood period, flood coverage in Sumbersari Village of
Ciparay District has reached more than 7 km’. Flood
coverage and spread for each return period (2 years and 50
years) were predicted to change when there is forest cover
reduction in the upper part, the detail of which is shown in
Figure 5b.

Figure 5b revealed that the 4" flood scenario, which was
built from the 3" scenario discharge and forest cover in this
scenario was about 25% of Upper Citarum Watershed area.
In return period of 2 and 50 year, the flood coverage and

Model | Real
Il Flood Flood
[ No flood Flood
I Flood No flood

[ No flood No flood

Figure4 (a) Showed spread of flood as results of HEC-RAS model and (b) was actual/real flood which was extracted from
Landsat-7 imagery (acquisition date: 07-01-2002), while (c) constituted result of overlay between (a) and (b) for return

period of 50 years.
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M :49.01 km’

Figure 5 Flood estimation used HEC-RAS model for return period of 2 year (al; b1) and 50 year (a2; b2). Figure (a) showed spread
of flood areas under the 1" flood scenario, while (b) showed result of the 4" flood scenario.

Table 1 Flood extents according to the 1" flood scenario until 4" for return period 2, 5, 10, 25, 50, and 100 years on the Upper

Citarum Watershed

Flood areaz(km )

Return period (year)

1" scenario 2™ scenario 3" scenario 4" scenario
2 42.94 50.21 49.94 49.01
5 62.87 68.87 70.05 70.03
10 70.36 79.57 83.51 84.64
25 86.47 97.19 100.15 101.16
50 101.14 110.35 114 .63 116 .69
100 107.71 117 .45 122.29 125.52

spread as a result of 4" flood scenario (Figure 5b) was larger
than the result of the Ist flood scenario (Figure 5a). These
results showed that the impact of forest cover shrinkage
would be clearly seen in flood with a long term return period.
The detail proof of this matter could be seen in Table 1.

Table 1 showed flood extent changes according to the 1st
flood scenario until the 4" and in the return period of 2 until
100 years. As could be seen in the table, in 2-year return
period, flood extents under the first flood scenario was about
42.9 km’. However, in the 2™ flood scenario it increased
sharply (50.2 km®) but in the 3" flood scenario and 4" it
decreased slightly. In contrast, in return period of more than 2
year, flood extents would increased sharply in all flood
scenario. In this research, flood scenario was built based on
forest cover reduction. Based on Table 1 and focus of the
research, it can be concluded that flood extent changes was
very much affected by forest cover changes.

Conclusion

The modeled flood extent has an accuracy level of about
74%. Based on the model results, forest cover shrinkage
caused the increased of discharge value, as clearly identified
in Nanjung, Dayeuhkolot, Cengkrong, and Cangkuang

hydrometric stations. Moreover, flood coverage and spread
in Upper Citarum region were largely affected by not only
natural but also anthropogenic factors. Forest cover change
was only one of the anthropogenic factors that might
influence the rise or fall of discharge value which further
caused the change in flood coverage and spread in Upper
Citarum Watershed. Effect of forest cover reduction on river
discharge level and spread of flood areas was unclear in the
return period of 2 years but this was opposite for return period
of more than 2 years.

Suggestion

Results of this research revealed that forest cover change
was not a determining factor in discharge increase and flood
coverage. This indicated that there were, indeed, other
factors that played an essential role; therefore, it was
suggested to revise and extent forest cover types into
vegetation cover types for further research in order to sharpen
the research results.
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