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ABSTRACT: The goal of this study is to analyze the impact of climate change on the hydrological regime 
changes in Cimanuk Watershed, West Java, Indonesia, analyzes the existing problems and contributes to the 
management of water resources in monsoon climate region in Indonesia. The results have shown that climate 
change is shown by the increasing temperature, meanwhile the air humidity, wind speed, sunshine duration, 
and evaporation are decrease. Changes of the hydrological regime have been known by the analysis of the main 
components of the hydrological cycle specifically discharge (Q) and precipitation (P). Precipitation and 
discharge had shown an increasing trend from 1987 to 2012, but with high variability in annual and monthly 
period. The critical condition of water availability for four months (June to September), while the excess water 
condition occurs during eight months (October to May). The Model of input-output correlation between 
precipitation and discharge have shown a positive correlation 0.9564 for the monthly average, and 0.5417 for 
the annual. The coefficient of annual water availability is high, shows that the region is monsoon with great 
potential for flooding. Therefore, it is necessary to optimize the management of surplus water in the rainy 
season so that it is not wasted. 
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1. INTRODUCTION 
 

Water Resources states where water as a source 
of life community as dynamic existence that 
naturally flow to a lower place without knowing the 
administrative boundaries. Source of water is a 
natural resource that can be updated through the 
hydrologic cycle depends on the climate and 
weather that should be affected by cosmic factors, 
regional and local (watershed) form though the 
hydrological regime [2]. Where is the main 
component of the hydrological cycle of rainfall is 
an input in the watershed system and the output is 
the discharge and the quality of surface water (river 
water) and groundwater reserves. The second 
component is characterized by random variables 
and stochastic as well as water drainage to the sea 
is a deterministic phenomenon.  

The historical of hydrologic regime, is unable to 
cope effectively with the more variable future 
climate. As a result, the water supply, energy, and 
environmental water uses cannot be effectively 
satisfied during future droughts, exposing the 
system to higher vulnerabilities and risks [5]. 
Hydrological drought is related to a period with 
inadequate surface and subsurface water resources 
for established water uses of a given water resources 
management system [9].  

In hydrosystem engineering designs, 

uncertainties associated with the resistance of the 
hydraulic flow carrying capacity and the 
randomness of events, such floods and rainstorms 
as the load [1].  Hence, In the design of a hydrologic 
system, the rainfall data serve as the system input, 
and the resulting flow rates through the system are 
considered using the rainfall - runoff and flow 
routing procedures [8]. Hypothetical rainfall events 
are used to investigate the response of the river 
basin at critical cross-sections. It can be considered 
by different temporal distributions. The amount of 
rainfall is assumed to be distributed uniformly [8]. 
Hydrologic criticality in river basin is part of the 
criticality of environment. Therefore, it is important 
to understand the process of criticality relating to 
hydrologic imbalance in a river basin which caused 
by the effect of land use and climate change [19].  

Report of the Intergovernmental Panel on 
Climate Change (IPCC, 2007) states that the world 
is more vulnerable to drought in the next 25 years, 
and climate projections indicate that this will get 
worse in the future [9]. Impact of climate change on 
hydrology regime specifically during high flow will 
impact the sustainable reservoir operation of 
sediment deposition during flushing [6].  

Uncertainties of climate and weather triggered 
by global warming from greenhouse gas emissions 
in the atmosphere result in temperature increases 
the earth [2,5,16]. The presence of water follows the 
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hydrological cycle is closely related to the weather 
conditions in an area that causes uneven water 
availability in every time and every region. Changes 
in surface water availability extreme would be a 
serious problem in terms of the sustainability of 
water management [3,15,17,18].  

In the monsoon area, water resource availability 
is a serious problem in terms of the sustainability of 
water management. Monsoon patterns are 
characterized by monthly V-shaped rainfall 
distribution with low seasonal rainfall in June, July 
or August. In normal conditions, when the west 
monsoon will get abundant rainfall (rainy season) 
while in the eastern monsoon the amount of rainfall 
is very little (dry season). In monsoonal rain 
patterns the region has a clear distinction between 
the period of the rainy season and the dry season.  
Numerous studies have been conducted, some of 
them are about the availability of water during the 
rainy season and the dry has a very high degree of 
variability about scenario development for 
watershed management [2,13,14,16,20].  

Indonesia, especially at most of the production 
sectors, has suffered heavily from the impacts of 
climate change and climate variability [4]. The 
uniformity is not only in physical aspects (such as 
climate and infrastructures), but also in cultural 
aspect as the demography of the farmers in the 
Central Java province is quite homogeneously [21]. 
The impact of climate change on flood events is 
infrequent, with most incidents passing with poor or 
no data acquisition [7]. Therefore, this research 
specifically examines: a) climate change and 
hydrological regime changes in Cimanuk 
Watershed and b) the impact on the water resources 
sustainability in monsoon regions. Conditions 
impact of climate change and land conversion may 
have occurred in the Cimanuk Watershed, as the 
main water source rivers Jatigede Reservoir. 
 
2. MATERIAL AND METHOD 
 

The quantitative approach has been done to 
analyze the impacts of climate change through the 
hydrological regime change. Series precipitation 
data are used daily and monthly throughout the 26 
years (1987 to 2012) from 9 (nine) precipitation 
stations around the Cimanuk watershed. Data of 
climate elements derived from Cimanuk 
Climatology and Wado Discharge Station, while the 
series of monthly discharge data for 32 years (1980 
to 2013). 

Figure 1 shows the study area of Cimanuk 
Watershed, the discharge station namely Q Wado, 
and for the rainy station from P1 Pamagetan, P2 
Pangauban, P3 Kepakan, P4 Tarogong, P5 
Leuwigoong, P6 Darmaraja, P7 Pamulihan, P8 
Cilimun, P9 Majalengka. 
 

 
Fig 1. Study Area (Jayanti, 2019) 

 
The analysis of climate parameters, 

precipitation and discharge trends revealed by the 
data using the moving average method, the range of 
values and the average values were compared at 
different periods. In addition to the analysis of 
changes in precipitation are also using the IDF 
Curve method. The significance level between 
precipitation and discharge, using the Spearman 
Correlation Test model of a two-way with a 
significance level of 5%.  

 
3. RESULTS AND DISCUSSION 
 
3.1 Climate Change 

 
Climate parameters which have been analyzed 

were air temperature, wind speed, air humidity, 
sunshine duration, and evaporation. Results of the 
analysis showed that the average air temperature of 
28,44°C, the lowest in March at 22,27 C and highs 
in October amounted to 31,35°C. Relative humidity 
average is 68,29% with the highest data in January 
by 98,01% and the lowest in September at 8,9%. For 
evaporation, the average is 60 mm/day, the highest 
evaporation occurs in August 88,70 mm and the 
lowest in October amounted to 43,01 mm. Average 
wind speed of 1325,66 km/day, the biggest in 
September amounted to 7861,87 km/day and the 
lowest in March at 33,8 km/day. 

Figure 2 shows the trend of climate change 
parameters on average time series from 2000 to 
2013 (14 years) as follows: temperature has shown 
an upward trend with changes in average 
temperature was 0.1037°C per-year, while the trend 
of global temperature changes 0.7°C every 100 
years. IPCC [11] reported that the distribution of 
increase in the global temperature anomaly is 
uneven and varies between land and sea, between 
the northern hemisphere and southern hemisphere, 
and between regions and between types of land 
cover are different. 
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(d) 

 
 
Fig.2  Trend of Climate Parameters Changes: (a) 

Temperature, (b) Evaporation, (c) Humidity, 
and (d) Wind Velocity 

Other climate parameters results have been 
shown a downward trend for the 14 years 
observation period, namely: humidity -1,3968 % 
per-year; wind speed 266,58 km/day per-year; and 
evaporation -0.6908 mm per-year.  

Result analysis shows the changes in 
temperature and evaporation are the same climate 
change theory that rising temperatures will lead to 
increased evaporation. The temperature’s rise is not 
evenly distributed around the earth cause low 
pressure and new high pressure. The pattern of wind 
was shifting and the precipitation patterns were 
changing either.  

Indonesia's geographic position greatly affects 
the extreme climate events, in this case is flooding 
and drought. The phenomenon that affects the 
climate in Indonesia is called ENSO because 
Indonesia is located between two oceans, the 
Pacific and Indian oceans. El Niño events will cause 
drought in Indonesia, especially in areas that have a 
pattern of monsoonal precipitation. While La Niña 
phenomenon possibly leads to increase 
precipitation in Indonesia during the dry season and 
the rainy season led the advance [2,16,17,18].  

The research of Jayanti [12] showed that in 2012 
the last year, there was a wet-dry phenomenon 
happening throughout the year so that the rainy 
season. This is one example of the extreme climate 
that occurs as a result of climate change. The 
changes in climate parameters that occurred can 
result in a change of the magnitude and distribution 
of water, and the long-term sustainability of water 
resources being threatened and requires serious 
attention. 
 
3.2 Hydrological Regime Changes 
 

Changes in climate parameters possibly give 
any impact directly or indirectly on the hydrological 
response of the region further define the availability 
of water for various needs. Rather on the 
hydrological regime in this study were observed 
through changes through the main components of 
the hydrological cycle that is precipitation and 
discharge. 

 
3.2.1 Changes of Precipitation Intensity  

Changes of the hydrological regime based on 
precipitacion intensity had been observed among 
others by changes in precipitation intensity with 
curve Intensity Duration Frequency (IDF) method. 
IDF curve is a part of mathematical function that 
relates the rainfall intensity with its duration and 
frequency of occurrence.  

IDF curve empirical formula was analysis to 
estimate the rainfall intensity for any duration and 
any return period with minimum effort. Daily 
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rainfall data for the year 1987 to 2012 was collected 
from West Java Meteorological Department and the 
empirical reduction formula was used to estimate 
the short duration rainfall using different 
probability distributions. The Chi-Square goodness 
of fit was used to arrive at the best statistical 
distribution among Normal, Log-Normal, Gumbel, 
Pearson, and Log-Pearson. Chi-Square test showed 
that log-normal is the best probability distribution. 
The IDF curve was then plotted for short duration 
rainfall of 5, 10, 20, 40, 60, 80, 120 and 240 minutes 
for a return period of 2 and 10 years. The use of IDF 
curves becomes more cumbersome and hence a 
generalized empirical relationship was developed 
for the study area Cimanuk watershed, through 
method of least squares.  

In this research, the precipitation intensity data 
over different time periods was divided in two 
group for data in 1987 to 1999 and 2000 to 2012. 
The Analysis of the results for the return period of 
2 years had been shown in Figures 3 and the 
analysis for the return period of 10 years had been 
shown in Figures 4. 

 
 (a) 

 
 (b) 

 
 
Fig.3   IDF Curve for 2nd Annual Return Period: (a) 

1987-1999, and (b) 2000-2012 
 
Based on figure 3, on the return period 2nd 

annual, overall precipitation stations have a higher 
intensity of precipitation for the current period 
(1987 to 1999) compared to the previous period 
(2000 to 2012). 

Pamagetan station has a value greater margin 
between the two periods of rain showers in the 
appeal of other stations and also has the highest 
intensity for a short period of rain (5 minutes). 
 

(a) 

 
(b) 

 
 
Fig.4   IDF Curve for 10th Annual Return Period: (a) 

1987-1999, and (b) 2000-2012 
 
For the 10th annual return period (figure 4), the 

highest precipitation intensity occurred in urban 
areas (Darmaraja and Tarogong). The results of this 
analysis showed that the differences in land use 
affects the value of the hydrological regime. 
Condition is consistent with that presented in the 
IPCC reported [11] that differences in the 
distribution of land use will result in the increase of 
global temperature anomalies uneven and different.  

At 10th annual return period, a trend increases a 
few differences in the intensity between the 2 
periods of the calculation (the curves coincide). The 
intensity of rain between the 2nd calculation period 
(1987 to 1999 and 2000 to 2012) is also getting 
random between stations because there are stations 
with the intensity of the period 1987-1999 is higher 
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than the period 2000 to 2012 and on the contrary. 
From the analysis of the return period 25th, 50th and 
100th annual also shows that the greater the return 
period, the smaller the value of the different 
intensity precipitation or curve formed by the 
overlaps. 

 
3.2.2 Precipitation changes  

Analysis of precipitation changes had been 
simulated by using moving average of the rainfall 
data from 1987 to 2012. The analysis results of 
precipitation changes can be seen in figure 5. 

 
 (a) 

 
(b) 

 
 
Fig.5 Trend and Distribution of Precipitation at 

Cimanuk Watershed, Indonesia (1987-
2013): (a) Rainfall Trend with Moving 
Average, (b) Monthly Rainfall (mm/month) 

 
The analysis results of precipitation changes 

shows increases trend (Figure 5a). Monthly 
averages in Figure 5b shows the rainy season 
(wettest month) occurs during the eight months 
(October to May), while the other four months (June 
to September) is a dry month, which means that the 
dominant dry season occurs in the study area.  

The average precipitation in October was about 
318 mm/month, in December was about 319 
mm/month, and the highest average precipitation in 
January about 369 mm/month. Hence, the average 
precipitation in June was about 94 mm/month, in 

August was about 65 mm/month, and the driest 
average precipitation in July about 54 mm 
mm/month. Monthly precipitation pattern that 
occurs is monsoon climate type [3]. 

Precipitation variability is also different in the 
rainy season (wettest month) and dry season (dry 
months). Trend of Average Precipitation in Rainy 
Season and Dry Season with Annual Moving 
Average Method can be seen at figure 6. 

 
(a) 

 
(b) 

 
 
Fig.6 Trend of Average Precipitation in Rainy 

Season and Dry Season with 3rd Annual 
Moving Average Method: (a). Rainy Season 
(Wettest Month), (b). Dry Season (Driest 
Month) 

 
In the wet months, the more extreme 

precipitation in the dry season wet while getting 
extreme precipitation dried (figure 6). This means 
that climate change may lead to a shift of the season, 
which will last a long dry season, causing drought. 
The rainy season will take place with the trend of 
precipitation intensity is higher than normal 
precipitation, the impact of floods. 

Precipitation data were grouped in two different 
periods shows the more extreme precipitation in the 
period 2000-2013 where the average precipitation 
of 2502,82 mm/year, while in the previous period 
(1987 to 1999) only amounted to 2386,28 mm/year. 
Which means that the change increased by 8.10%. 

If the precipitation data grouped by rainy season 
(wettest months) from October to May and dry 
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season (driest months) from June to September. The 
data also shows that the more extreme the current 
period in the previous period in the wet in the rain 
(2209,72 mm versus 2044,06 mm) and in dried drier 
(293,1 mm versus 342,22 mm). 

 
3.3   Discharge Changes  

 
Analysis of discharge changes had been 

simulated by using moving average of the rainfall 
data from 1980 to 2013. The analysis results of 
precipitation changes can be seen in figure 5. 

 
(a) 

 
(b) 

 
 
Fig.7 Trend and Pattern of Annual Discharge 

(1980-2013): (a). Discharge Trend with 
Moving Average, (b). Average Monthly 
Discharge  

 
Trend analysis shows an increase in annual 

discharge changes (Figure 7a). Changes occurring 
discharge is 96,48 m3 per-32 years or 0,9648 
m3/year. Monthly average discharge showed 
different distributions of per-month (Figure 7b). 

The amount of discharge change between wet 
months (October to May) is 117,34 m3/s and dry 
(June to September) is 52,28 m3/s. The monthly 
maximum discharge occurred in January amounted 
to 147,86 m3/second, and the smallest was 44,68 
m3/second occurred in September with an average 
discharge of 95,64 m3/second /months.  

The Month from October to May is a condition 
in which the discharge that occurs above the 

average discharge, and the month from June to 
September is a condition in which the discharge 
occurred under average discharge. This differs from 
the pattern seen in the precipitation which occurred 
a shift in the months from October to May (for 
precipitation) to the month of June to September 
(for discharge). This happens because of the 
precipitation that occurred the previous month 
(October) used to fill the pores of the soil that had 
vacancies during the dry season. If the soil pores are 
fully charged (saturated) then becomes surface 
water (river flow). 

Discharge changes also differ in the wettest and 
driest months. In the wettest month (January) shows 
the trend of increasing discharge (147,86 m3/second 
per-year), as well as the driest month (October), 
increased 44,68 m3/second per-year (Figure 8). 

 
(a) 

 
(b) 

 
 
Fig.8  Trend of  Discharge in The Wettest Month 

and Driest Month: (a). Rainy Season 
(Wettest Month), (b). Dry Season (Driest 
Month) 

 
Conditions of discharge increase during the 

driest season, although the value is not significant, 
in monsoon area that indicates improvements in the 
condition of the watershed water use planning. 
 
3.4 Correlation between Precipitation and 

Discharge  
 
Correlation between precipitation and discharge 

in this study is that the greater the precipitation 
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intensity, the greater the discharge occurs. 
Spearman correlation test at a significance level of 
0.05% two-way test, for a monthly average data 
shows a correlation value 0,9564 which means that 
the increase in discharge can be explained 95,64 % 
due to an increase in precipitation, while the 
remaining 4.36% is explained by the variables 
others, such as in wet or dry conditions during the 
rains, the amount of base flow (baseflow), and other 
factors. On annual average data, the relationship 
between precipitation and discharge correlated at 
0.5417. The results of this analysis showed that 
precipitation is the biggest input on discharge of 
Cimanuk watershed, West Java, Indonesia. 

 
3.5 Hydrology in Monsoon Region 
 

The study area is monsoon regions indicated by 
the following indicators: (a) the average 
precipitation 2422,09 mm/year, (b) the number of 
rainy days with an average of 240 days/year, (c) 
evaporation 747,14 mm/years, (d) potential 
evapotranspiration (ETo) 2600 mm/year, and (e) the 
annual water availability coefficient of 1,468, the 
water deficit as much as 1338,6 mm/year which 
results in a high risk of drought. 

The critical condition of water availability for 
four months (June to September), while the excess 
water condition occurs during eight months 
(October to May) For the foreseeable future water 
needs of irrigation and drinking water will increase, 
especially in the dry season, because it's raw water 
supply challenges will be even greater. 
 
4. CONCLUSION 
 

Global climate change that also has occurred in 
the study area that will affect the hydrological 
response such as, the observed changes in the 
hydrological regime through the major components 
of the hydrological cycle that is precipitation and 
discharge. This change will determine the 
availability of water for various needs. Increased 
precipitation and discharge, though with little 
value, the observation period 1987 to 2012 is a 
favorable condition for the availability of water 
in the study area. But with the higher variability 
between dry season and rainy season that resulted 
in the need for optimal management of surplus 
water in the rainy season can be accommodated 
to be used in the dry season. 

Future research requires a more detailed 
analysis of land use, patterns of exploitation of 
the reservoir, the rate of population growth 
impacts water demand, in the context of 
sustainable water resources management in 
munsoon regions. 

 

5. REFERENCES 
 

[1] Adiningrum C. and Hadihardaja I.K., 
Reliability Analysis for Determining 
Performance of Barrage Based on Gates 
Operation. 3rd International Conference of 
Planning in the Era of Uncertainty, Series: 
Earth and Environmental Science, Vol.70, 
2017, pp. 1-8 

[2] Arwin, Climate Change, Land Conversion, and 
the Threat of Floods and Drought in Developed 
Areas. Scientific Speech of Professor ITB, 
2009, pp. 1-10. 

[3] Chay A., Hydrology and Management of 
Watersheds. Gadjah Mada University Press, 
Jogjakarta, 2002, pp. 1-646. 

[4] Hadihardaja, A.I.K., and Vadiya, Rika., 
Identification of Flash Flood Hazard Zones in 
Mountainous Small Watershed of Aceh Besar 
Regency, Aceh Province, Indonesia. The 
Egyptian Journal of Remote Sensing and Space 
Sciences, Vol. 19, 2016, pp.143-160 

[5] Georgakakos A.P., Yao H., Kistenmacher M., 
Georgakakos K.P., Graham N.E., Cheng F.Y., 
Spencer C. and Shamir E., Value of Adaptive 
Water Resources Management in Northern 
California Under Climatic Variability and 
Change. Journal of Hydrology, Vol. 412-413, 
2012, pp. 34–46.  

[6] Hadihardaja I.K., Decision Support System for 
Optimal Reservoir Operation Modeling Within 
Sediment Deposition Control. Water Science 
and Technology, Vol. 59, No.3, 2009 pp.479-
489 

[7] Hadihardaja  I.K., Indrawati  D., Yadi S., and 
Griggs N. S., Decision support system for 
predicting flood characteristics based on 
database modelling development (case study: 
Upper Citarum, West Java, Indonesia). WIT 
Transactions on Ecology and The Environment, 
Vol. 167, 2012, pp. 375-385. 

[8] Dhemi H.., Hadihardaja I.K., Kuntoro A.A., 
Enung, and Dony F., Derivation of The Critical 
Rainfall Level Needed for An Early Flood 
Warning in The Upper Citarum River Basin 
Indonesia. International Journal of Geomate, 
Vol. 14, 2018, pp.167-174. 

[9] Waluyo H., Triweko R. W. and Hadihardaja 
I.K., Hydrological Drought Index at The 
Irrigation Area in Pemali-Comal River Basin. 
Proceeding - International Association for 
Hydro-Environment Engineering and Research 
(IAHR) - Asia Pacific Division (APD) 



International Journal of GEOMATE, July, 2020, Vol.19, Issue 71, pp. 90 - 97 

97 
 

Congress: Multi-Perspective Water for 
Sustainable Development, IAHR-APD, Vol.1, 
2018, pp. 667-675 

[10] Hyung-Il E., and Simonovic S.P., Integrated 
Reservoir Management System for Adaptation 
to Climate Change: The Nakdong River Basin 
in Korea. Water Resources Management 
Journal, Vol. 24, 2010, pp. 3397–3417. 

[11] IPCC., Climate Change 2007 - The Physical 
Science Basis. Contribution of Working Group 
I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Edited by Alley, R. et al. IPCC Secretariat. 
Switzerland, 2007, pp.1-112. 

[12] Merri J., The Scientific Report of Progress 
Dissertation I, 2019, pp. 1-152. 

[13] Kodoatie R.J. and Roestam S., Water 
Management. Andi Press, Yogyakarta, 2007, 
pp.1-215. 

[14] Mohammed  M.I., Hoshin G.C. and Seshadri  
R., Scenario development for water resources 
planning and watershed management: 
Methodology and semi-arid region case study. 
Environmental Modelling and Software, 
Vol.26, No.7, pp.873-885 

[15] Ilyas M.,  Mobin-ud-Din A., Stefan U.,  Hugh 
T. and Poolad K., Analysing Streamflow 
Variability and Water Allocation for 
Sustainable Management of Water Resources 
in the Semi-arid Karkheh River Basin, Iran. 
Physics and Chemistry of the Earth, Vol. 34, 
2009, pp. 329–340. 

[16] Messakh J.J., Hadihardadja A.I.K. and Zadrak 
D., Analysing Variability of the Precipitation 
and Discharge, for Sustainable Management of 
Water Resources in the Semi-arid Area (Case 
Tilong Watershed, Indonesia). The 4th 
International Seminar of Environmental 

Engineering (ISEE), Vol.1, 2013. pp.77-86 
[17] Messakh, J.J., Hadihardadja A. I.K. and Zadrak 

D., Impact of Climate Change On The 
Hydrology Regime in Semi-Arid Region, West 
Timor.  Proceedings the 2nd International 
Conference on Sustainable Infrastructure and 
Built Environment (SIBE), Vol. II, 2013, pp. 1-
7 

[18] Mugabe F.T., Chitata T., Kashaigili, J. and 
Chagonda I., Modelling the Effect of 
Precipitation Variability, Land Use Change and 
Increased Reservoir Abstraction on Surface 
Water Resources in Semi-arid Southern 
Zimbabwe. Physics and Chemistry of the Earth, 
Vol.36, 2011, pp. 1025–1032.  

[19] Hadi N., Indratmo S., Hadihardaja I.K. and 
Arief  R., Development Flow Duraton Curve 
for Criticality Assesment of River Basin 
Applied at The Upper Citarum River Basin, 
Indonesia. International Journal of Geomate, 
Vol.13, Issue 39, 2017, pp. 46-53. 

[20] Sarminingsih A., Soekarno I., Hadihardaja I.K., 
and Syahril B.K., Flood vulnerability 
assessment of Upper Citarum River Basin, 
West Java, Indonesia. International Journal of 
Applied Engineering Research, Vol. 23, No.2, 
2014, pp. 22921-22940. 

[21] Sangkawati S.S., Vittorio K., Joetata H. and 
Hadihardaja I.K., Evaluating the Budgeting 
Approach of Operation and Maintenance of 
Irrigation in Indonesia by Using Analytic 
Hierarchy Process. Agricultural Engineering 
Interational: CIGR Journal, Vol.20, No.2, 2018, 
pp. 1-8. 
 

 

Copyright © Int. J. of GEOMATE. All rights reserved, 
including the making of copies unless permission is 
obtained from the copyright proprietors.  


	CLIMATE CHANGE IMPACTS ON HYDROLOGY REGIME AND WATER RESOURCES SUSTAINABILITY IN CIMANUK WATERSHED, WEST JAVA, INDONESIA
	1. INTRODUCTION
	2. MATERIAL AND METHOD
	3. Results and Discussion
	3.1 Climate Change
	3.2 Hydrological Regime Changes

	5. referenceS


