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ABSTRACT

The river's flow is highly depend on climatology and soil conditions and the vegetation as
well as land use changes have a direct impact to the river flow, NRECA's model used in this
study was considered the parameters of soil moisture storage, ground water flow and climate
changed. The method was involved caleulation of evapotranspiration due to temperature rise
and net rainfall which are used in the models.

In this model used coefficient NOM = 0.21; SMS = 351.55 mm (soil test results), GWF =
0.225 and PSUB = 0.815 for evapotranspiration adopted a increasing of 0.5 % of temperature.
While rainfall correction used 9% net rainfall, which is strongly influenced by vegetation and
land use in Kodina watershed. The results of models was found that the total discharges output
due to climate and land use changed were 2443.38 m'/s/year, the average discharge value =
15.66 m¥/s, whilst the total observed discharge = 2487.58 mY/s/year and average debit = 15,95
m?/s. The differences of model and observed discharge were - 1.78 %. So the climate and land
use changed was should be considered in the models. Because it would be made the model are
very close with the observed discharge.
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L. INTRODUCTION

Hydrological model is one way to estimate the river discharge approaching the condition of a
catchment area. A good model is to pay attention to natural phenomena such as the impacts of
climate change that lead to an increase of temperatures resulting in the increase of
evapotranspiration. On the other hand land use changed result in changes in land infiltration
capacity, soil surface capacity, and interception by plant canopy (net rainfall).

Knowing the impact of rainfall variability and land conversion on river flow discharge is
essential to ensure the sustainability of water resources. Therefore modeling is rain-discharge
unit to approach the values of hydrological processes that occur in the field are required, The
availability of Flow data, rainfall data and climatological data is needed to determine the
potential of water resources in a river basin. Rain-flow models can be used as a tool to monitor
and evaluate the potential of river discharge through the approach of the existing surface water
resources. (e.g, Ammann, Asdak, Bardsley) [2,3,5].

The sensitivity of hydrology system to changes in land use and climate chuange in a
watershed can be evaluated by using models of hydrology that it concerned by the biophysical
properties in the regions. Some parameter according to water balanced scheme was analyzed
such a climate change, surface flow, base flow, percolation and evapotranspiration. Nreca's
hydrological models are an approach models which is simulate and predict the hydrological
events that occur by using specific hydrological data recording. (e.g. Asdak, Indarto, Rudi H)
[3.12,15).

In response analysis of the watershed, the watershed is a hydrological system in which there
is a very close relationship between every input in the form of rain, hydrological processes. and
outputs such as the river discharge and sediment transported. Referred to hydrological processes
in a watershed. it can be concluded that the distribution of rainfall into streams are influenced
by the physical properties of the surface of the watershed are also influenced by the properties
of the rain. (e.g. Indarto, Kesuma, Rahman.Syukur, S) [9, 12, 16, 20].

From several discharge models found by hydrological experts, in this study Nreca model
(National Rural Electric Cooperative Association, 1985) was selected. This model is widely
used by scientists, universities (hydrological analysis calculations). This is probably due to the
practicality in its application and the parameters used are not too much. Considering those
phenomena so that a debit model is needed taking into account changes in land use, soil type
and soil characteristics. This study was made to analyzggiand use changes that directly impact
on river discharge. The result of debit analysis will be compared to the observed discharge so
that the model can be well validated.

2. RESEARCH METHODS

Aspects reviewed are factors that can be afgggted by land use change and climate change. Where
the climate factors were include rainfall, temggrature, air humidity, solar irradiance and wind
speed. Location of the study is the upland of Kodina Watershed, the south of Lake Poso. The
size of watershed is 28.800 ha and it is located at the coordinates 2°8'02 - 2°14'52" South
latitude and 120°40'18"- 120°51°16™,
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2.1. Data of the Research

Kodina Watershed is largely a protected forest with the status of state forests. The forest area
is dominated by the natural vegetation and according to data from 2004 - 2014, during 10 years
the density of vegetation on these lands increasingly reduced 3-6 % of the area. Land use in
Kodina watershed was dominated by 69.5 % of forest and it was predicted will decrease in the
future. The land use was shown in Table-1,
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Figure 1 Kodina Catchment Area at Sout of Lake Poso

Based on the type of land use, the components of catchment area are grouped into several
types of land use.

Table 1 Land Use in Kodina Watershed at 2014

N Penggunaan Laban Ares in 2002 Arcaln2vi4 e
(ha) iha)
i Settlement OH.0 .36 80 O.60
2 Chpven s Ll 9120 J2RAND 1axy
] Phrushiwonnd AR N 22HILIR) 10
4 Moaowor S Clavden Field 107160 139080 6. 10
5 Forest 1 732R.00 1 SHAH0) 642,50
[ Hice Hekd AS60.00) AR A0 250
7 P Bant it davny 1732.80 2166000 .50
H Rl [REREL 11400 .50
Jumilah 22ZR00.00 22ZR00.00 1000

The data used were obtained from BWS HI Central Sulawesi which is specific to Kodina Watershed
such are rainfall data, climatology data, observed discharge and temperature data from 2002 - 2014,

The data was recorded at Mayoa Rainfall-Climatological Station.
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Table 2 Data of Monthly Average Temperature

Monthly Average Temperature (T'C)

Year ian

Peb Mar Apr May Jun Jul Aps Sep Okt Nov Des
2002 | 2476 | 3554 | 2585 | 3547 | 2561 | 2454 | 2606 [ 2623 | 2741 | 2765 | 2765 | 2608
2003 | 2585 | 2517 | 26.21 | 2491 | 2489 | 2637 | 2549 | 2500 | 2628 | 2672 | 26.34 | 2543
2004 | 25.54 | 2537 | 2535 | 25.10 | 2601 | 2520 [ 2385 | 2640 [ 2624 | 2720 | 27.11 | 2570
2005 | 2586 | 25.08 | 2718 | 25.26 | 2391 | 2484 | 2486 | 2534 | 27.00 | 27.24 | 2034 | 2600
2006 | 2685 | 26.63 | 26.04 | 2599 | 2590 | 2484 | 26,01 | 2579 | 26.69 | 27.60 | 26.82 | 25.65
2007 | 25.84 | 27.25 | 25.89 | 24.68 | 2548 | 2502 | 2360 | 24.75 | 23.12 | 27.36 | 2555 | 25.74
2008 | 2595 | 2551 | 2552 | 25.19 | 24.52 | 2488 | 2360 | 2348 | 2530 | 26.00 | 2579 | 25.34
2000 | 2607 | 26.85 | 26.99 | 26.53 | 26.44 | 2578 | 27.77 | 2842 | 27.79 | 26.86 | 2881 | 27.96
2010 | 2846 | 30.64 | 29.89 | 3131 | 30.37 | 29.77 | 30.98 | 29.43 | 30.02 | 28.52 | 27.31 | 26.27
2011 | 2575 | 26.50 | 27.03 | 27.58 | 29.22 | 2953 | 31.00 | 30.38 | 2856 | 27.40 | 26.87 | 25.80
2012 | 2735 | 28.04 | 28.50 | 29.23 | 2850 | 2895 | 2834 | 30.26 | 27.28 | 24.22 | 2494 | 24.73
2013 | 25.00 | 24.43 | 2401 | 2367 | 2351 | 2380 | 23.77 | 2414 | 2473 | 25.11 | 2459 | 26.42
2014 | 2663 | 2530 | 2439 | 25.09 | 2358 | 2282 | 2364 | 2345 | 2569 | 2699 | 2532 | 2591
Table 3 Data of Monthly Rainfall
Monthly Rainfall at Mayoa Rainfall Station (mm/month)
Years | Jan | Peb [March| April | May | June | July | Agst | Sept | Okt | Nop | Des | Total
2002 | 334.7) 199.5] 854.5] 493.3] 413.3] 559.1] o8.8] 322 46.0] 16.6] 386.5 321.0[ 3725.5
2003 IS1.8) 32221 796.5] 571.4] 236,31 o0 117.0] 307.0] 177.6] 94.7] 357.7] 320.0[ 3512.3
2004 1 323.8] 381.3] 416.4] 404.9] 307.9( 230.1[ 2149 391 1287 18.8] 2459] 28.0[ 2704.6
2008 | 4532 553.2] 361.2] 376.3[ 371.0] 200.6] 433.6] 137.3] 97.3] 2979] azt0] 4523 41740
2006 ] 2111 223.4] 308.8] 480.4] 349.3] 3259 43.2] 110.5] 2821 294] 2109] 38431 27060.4
2007 | 212.6] 605.9] 353.1] 690.3] 348.1] 4374] 164.5] 1723] 169.6[ 217.3] 3068| 253.0[ 20310
2008 | 279.8] 236.5] 477.7] 472.9] 407.1] 259.4] 216.8] 451.1] 215.8] 369.6] 826.7] S14.6f 47280
2009 | 484.1] 369.9] 604.6] 597.0] 441.2] 179.2] 1656] 755 49.3] 92.5] 343.5| 298.4] 3700.8
2010 | 485.11 337.3] 934.7] 577.0] 580.2] 224.5] 149.2] 490.9] 289.3] 536.7] 346.1] 567.9[ 5518.4
2011 198.9] 251.6] 269.8| 425.5] 462.9] 184.7] 213.5] 105.6] 203.8] 282.3] 383.7] 404.0f 3386.3
2002 | 104.5] 110.0]  74.2] 1469] 497.4] 2928] voa] 177 26.8] 71.7] 255.9] 257.6[ 1948.9
2013 B0.1{ 419.8] 326.7| 554.9] 525.9] 445.7] 708.1] 126.3] 214.0] 95.6] 517.3] 528.0] 4542.4
2014 | 20321 173.0] 360.0] 306.3] 250.8] 388.2] 375.1] 190.6] 41.0[ 21.6] 246.7] 602.1] 3158.6
Table 4 Data of Average Climatology
Average Climatology Data at Mayoa Station (2002-2014)
N ; Month
Description Um!s-F .
M an_| Peb | Mar | Apr | May | June | July | Ags | Sept | Okt | Nop | Des
Relative Humidity (RH) | S | 91.86[ 92.93] 9382[ W93 9466] 9571 9691] 93.67| 9021 8881 92.72] 93.77
Temperature, T oq | 2605) 2633) 2637) 26.15] 26001 2587 2607 264 2662 2685 2643 2600
Wind Velocity, u mws | 03] 03 035 032f 030] 030] 0321 03] 035 03 033 029
Solar Radiation (SR) G | 4337) 4501 4532) 4649) 4428] 3624] 3683] 4076 S0.04| 479 49.88] 4196
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Table 5 Discharge Recorded at Sta.Mayoa

_ﬂ Discharge Recorded at Mayoa Rainfall Station (m¥s)
onth| Jan Peb | Mar | Apr | May | Jun Jul Aps Sep Okt | Nov | Des
2002 | 1256 | 1576 | 16.04 | 2785 | 25.75 [ 11.63 | 5.68 .20 398 | 4.55 8.72 | 22.08
2003 1586 | 17.64 | 2233 | 3115 | 11.70 | 590 6.25 13.73 | 9.75 4.65 10,17 | 15.94
2004 15.63 | 1595 ] 2041 |1 2097 | 18.09 | 13.17 | 1586 | 1297 | 11.04 | 8.82 10.60 | 7.47
2005 | 12,89 | 2840 | 1578 [ 2328 [ 2500 | 1264 | 1269 | 11.22 ] 692 | 10,01 | 15.27 | 21.88
2000 | 1054 | 1073 [ 1308 | 3220 | 1957 | 1299 | 5.17 4.30 5.06 3.29 3.52 9.78
2007 B33 | 1705 ] 1654 | 2854 | 2062 | 23.22 | 1655 | 1990 | 14,71 | 13.29 | 1562 | 13.88
2008 | 14019 | 1444 | 1821 [ 1968 | 1906 | 2061 | 1580 [ 2081 | 19.14 | 29.10 | 25.68 | 27.28
2000 17.76 | 16,02 | 27.68 | 29.62 | 26,15 | 22,16 | 23.16 | 21.05 | 18.82 | 20.68 | 20,71 | 1 1.81
2010 | 16.62 | 18.21 | 32.96 | 22.01 | 25.10 | 16.80 | 17.18 | 18.71 | 20.22 | 26.71 | 24.40 | 25.59
2000 | 2380 | IS81 [ IS88 [ 1751 1965|1822 1121 [ 1032 ] 1086 | 11.37 | 1457 ] 17.28
2012 92.94 9.33 6.45 622 1238 | 13.32 ] 793 6.79 5.76 4,43 10,62 | 7.38
2013 H.82 1399 | 14.05 | 1877 | 16.27 | 2098 | 20,30 | 2030 | 21.81 | 1392 | 2062 | 27.39
2014 1047 | .73 9.15 1274 | BU8 1262 | 1681 | 1202 | 10.31 | 5.28 7.09 14.63

2.2. Research Stage

Following Nreca models which are using the result of caleulation evapotranspiration, rainfall
and soil condition as follows water balance equations. Therefore it stage of research is
calculating of evapotranspiration (using Penmann formula), calculating the net rainfall by
adopting Dunne and Leopold formula), testing ground water content, and the impact of climate
changed. The water balance is specifically formulated with (c.g. Festy R.A) [7]

P=Q+E=*AS (h
where: P = Precipitation (mm); Q = Discharge (m'/s);

E = Evapotranspiration (mm) ; AS = Delta Storage (mm)

1. Evapotranspiration
vapotranspiration is the total amount of water that is returned to the atmosphere from the
surface of the ground, bodies of water and vegetation by the influence of climatic factors and
physiological vegetation. The Calculation of potential evapotranspiration using Penman
Method received a recommendation from the UN Food and Agriculture Organization. The
general principle of the calculation of potential evapotranspiration in accordance with the
following formula:

E = *(W*Rn + (1-W)*f{u)*(¢xeq)) {2)

where:  E = daily potential evapotranspiration (mm/day) ; C = correction factor ; W =
weighting factor ; Ry = net radiation (Rui - Rxs) : f(u) = function of wind speed : ea = saturated
vapor pressure ; ed = actual vapor pressure

From the climatology data then it was caleulated the evapotranspiration and the results are
follows:

hitp/fwww.ineme.conVICIET/index.asp editor@iacme.com
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Table 6 The Calculation of Monthly Evapotranspiration

Calculation of Monthly Exapotranspiration
Moath| Jan | Peb | Mar | Apr | May | Jun Jul | Ags | Sep | Okt | Nov | Des
2002 1109.32] 93.27 [ 114.83]110.80]102.33] 75.24 | 85.20 [ 102.23]117.84] 134.84] 125.50] 126.53
2003 [106.42] 99.82 | 116.44[101.87] 92.13 | 72.24 | 89.13 [108.74]110.33[123.80[ 114.69] 98.73
2004 [107.71] 9899 [ 11114105353 101.12] 7299 | 81.77 [106.25 | 110.85] 126.79] 115.26] 100.79
2005 (107,000 99.19 [135.33] 98.22 | 82.80 | 91.86 | 88.75 | 93.71 [103.82] 110.71[ 103.90] 94.66
2000 | 98.99 | 96.54 [ 110.67]107.47] 94.40 | 83.13 | 91.08 | 90.14 [103.94] 123.54]123.25] 100,92
2007 1 97.03 1103.28[109.33] 110.75] 100.23] 89.24 | 82.73 | 9507 | 98.22 | 116.22] 92.24 [ 110.49
2008 FHLLOTIHIS AT 116,690 102.35] 89.13 | 88.62 [ 104.99] 84.64 [103.90] 114.18] 106.93] 106,50
2009 | 1I3.051103.74[ 115.08]107.28[ 113,92 87.91 [102.15[100.67] 119.65] 115.62] 111.94] 10977
2010 | 1I288 13487 [ 13072 13087} 127.78 [ 10025 10738 113.02]126.29[121.18] 116, 79| 103.44
2011 [105.67] 97.11 [108.25]113.20]102.74] 89.71 [100.62]105.82] 112.20] 128.20] 113.15] 100.35
2002 [110851119.09{122.62]1126.75[113.76] 96.44 | 97.67 [ 111.58]102.26] 115.31{ 116.05] 108.86
2013 197,12 ) 91.47 | 97.82 | 91.89 | 91.05 | 83.51 | 79.58 | 93.54 [100.09] 11394 106.79] 102.39
2004 (11158110004 [ 111.93]107.03] 97.52 | 79.72 | 83.35 | 9168 [108.44] 11014 ] 111.28] 108.39

Elimulc change causes uncertaint@ggin water availability. The change may include annual
rainfall and evapotranspiration hence it affects hydrological response in the region. Following
the temperature increase in a decade, therefore it would affect to the evapotranspiration in the
watershed. The impact would be influence to the discharge, therefore the evapotranspiration
that used in the model are:

Table 7 Evapotranspiration as impact of Temperature Rise in Decade

Evapotranspirations as Impact of Temperature
wnth | Jan Peb M Apr May Jun Jul A Sepr kit Now 13es
| 2002 111091] 9462 [116.50]112.411103.82) 76,33 | 86.44 |103.71]119.55/136,79[127.32]128.36
| 2003 1107971101 27]118131103.35|/ 9347 | 7328 ] 90.42 [110.32]111.93]12559]116.36]10016
2004 1109271100,431112.751107.061102.58] 7405 | 52,96 |107.79]112.46/126.63(11693|102.25
| 2005 |108.55]100.62|137.29] 99.65 | 84.00 | 93.19 | 90.03 | 95.06 [105.33]112.31[105.41] 96.03
2006 1100.42] 97.94 [112.28]109.03| 95.77 | 84.33 | 92.40 | 91.45 [105.45/125.33]125 04|102.38
| 2007 98.44 1104.77|11092]112.35/101 68| 90.53 | 8393 | 96.45 | 99.64 [117.91| 93,568 |112 09
£000 111260011604/1102301103.04] 9042 | 0991 106,51 0507 1105.40]11503]100.40(100.04
| 2009 1114.69]105.241116.75]108.84[115,57]| 89.19 [103.63[102.13]121.38[117.30]113.56/111.36
2010 1114.52]136.62]13262]133.78{129.63|101.70]/108.94{114.66/128.12[122.94/118.48]104.94
2011 _1107.20] 98.52 |109.82|114.84/10423] 91.01 [102.08{107.35{113.82]130.06{114.79]101.80
2012 [112.46]120.82]112440/12859]11541)97.84 9909 (11320[103.74{11698[117.74]110.44
2013 198,53 1928019924 9322 19237 184.72|80.73|9490]101.54[11559/108.34|103.88]
2014 [1132.19}101.59]113.55|108.58| 98.9 BO88 | 84.56 | 93.01 {110.01]111.74]|112.89]109.96)

2.2.2 Net Rainfall in Catchment Area
Land use changes such as the conversion of forest to agricultural land, agricultural land to
residential arcas and others will have an impact on the environment, especially on surface
watersheds. Land use has impact to the net rainfall due to interception of canopy crops in the
watershed. This equation is used to obtain net rainfall on each land use (Dunne and Leopold,
1978).

- Net rainfall for area excepting forest Y = 0,925 x + 0.333 and R2 = 0,996

- Net rainfall for forest used the formula: Y = 0.886 x + 0,088 and R2 = 0,996

Furthermore, the arca of land cover in Kodina catchment area based on 2014 data can be
developed a net rainfall regression equation used for calculation in this rescarch model as shown
on table.

http:f/www.iaeme convICIET/index.asp editor@iacme.com
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Table 8 The Result of Calculation Net Rainfall in The Cathment Area

Monthly Net Raintall due to Interception
Tabun Jia Peh M Apnl | May June July Apt St Lk Nop s

2412 MM 61| IRISS ] 77760 ] 448 90 | 37610 | SOR.TE| 6261 | 2030 | 4086 | 1501 | 350,72 202011

20403 138 14| 29320 ) 724821 51997 ] 21503 | 5460 | 10647 | 27937 | 161.62] %608 | 325,51 | 291.20

2004 | 29406 ] Waor | AT802 ] wRas | w2 ou | 20030 10556 385 | nz a2 a7 | 22377 25458

20S A12A0 | SOV A28 o0 | W2ad ] 770 10074 | WSk | 12404 | sssas |27 w22 | 40090

(MM BUZ P ] 200829 ) 2R1E00 A7 06 ] MT86] 290657 ) Wrl | w47 ] 2570 ] 2675 | 1992 ] e 7

2007 193 AT | SSEAT | 32135 628 07 | 3677 | 39503 | 14970 15685 | 154 s | 19774 | 2709 | 20008

0N 254060 20525 A8 ] 430 31 ] 370,501 23602 | 19732 | 41050 | 106 38 Ve w ] 752 0| 468 20

R A4l SA | A6 61| SSO09) 54327 | 40049 | 16307 | 150,70 | 6871 dd B | B4R | SI2 59 27154

2000 | 44144 ] Wioud | BSOSK| $25 07 | 52798 | 20430 ] 135,77 | 446,26 | 263,260 8840 ] 11405 | S16.99

2001 IR0 ] 228096 | 245521 3RT.2) {42124 [ 16808 | 194,20 | 0610 | 185 46 | 256 80 | 349,17 | 367.64

212 VS0 10010 67.52 ] 13168 | 452.63 | 26645 K226 il 24,30 | 6525 | 23500 ] 23442

A T2EOD P IR2O2 ] 20730 | SH.90 | ATH ST L0559 | 64437 [ 11408 | 19474 ] K700 | 4074 | AR0as

Jaa IR | ISTAN] 327.00] 278,73 | 238,23 | 353,20 340104 | 17348 ] 37,31 1000 | 224,80 | 54791

2.2.3. Nreca Methods

The amount of discharge is calculated using simulation models Nreca. Nreca principle is to
estimate the amount of river flow due to the rain that fell in the Catchment Area taking into
account the soil conditions and topography of the catchment. In the model Nreca there are two
(2) types of reservoirs, numely the storage humidity (moisture storage) and soil water storage
(groundwater  storage). Humidity storage is determined by rainfall and actual
evapotranspiration, while the soil water storage is determined by the excess moisture (excess
moisture).

RO = R — ET, + AS 3)

Input is needed from the model of rain - runoff are as follows: The average rainfall (P):
Potential evapotranspiration (PET); The capacity of the storage moisture (NOM): PSUB (values
ranging from 0.3 - 0.9); GWF (ranged from 0.2 - 0.8); The initial value of the storage soil
moisture (SMSTOR); The initial value of the ground water reservoir (GWSTOR); and Crop
fuctor (CD),

Table 9 Parameter Value Used in the Model

No.| Parameter | _ Initial Calibration Final Nreca Note
Par Parameter Parameter
. NOMINAL | 36791 mm NOM = 100 + C*
¢ 025 0.22 022 {avg annual rainfall)
2 P5UB 0.9 0.815 0.825
3 GWF 025 0.22 0.21
4 SMS (mm) 200 mm 295 315.55 Soll test results
5 GWS (mm) 150 mm 200 200

3. RESULTS AND DISCUSSION

3.1. Discharge with Initial Parameter and Calibration in Nreca Model

Determining the influence of elimate components to stream flow on Kodina watershed needed
the parameters associated with the discharge of the river. The climate data used ranging from
2002 - 2014 as well as the data of river discharge. Therefore the monthly evapotranspiration
results were apply to Nreca models.

Table 10 The Result of Discharge with Initial Parameters

hup//www.iaeme.conVICIET/index.asp editor@iaeme.com
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W-_“E'l‘ﬂ'ﬁ" Nreea Model on Koding Watershed
Month | Jan Peb w | Apr | May | Jun Jul Ags | Sep | Okt | Nov | Des
2002 | 1546 | 1883 | 34,64 | 3244 | 3321 [ 2683 1060 | 8069 | 736 | S84 | 919 | 10.57
2003 | 1e23 400 fass2 [ 2e32 v [ 257 reas 202 4] 847 [ 1o | 1231
2004 11299 | 1645 [ 1649 | 1819 [ 1851 | 1702 ] 1529 [ 178 | 1034 ] 800 | 937 | 6.73
2005 | 1080 1 17.99 [ 1503 | 1698 | 1744 [ 1546 | 1824 | 1387 | 10,50 | 1274 | 16.25 | 18.01
2000 | 14.94 [ 1560 | 1471 [ 1885 1785 | 1856 | 1334 [ 11.35| 950 | 7.54 8.09 | 11.29
2007 | 990 [ 1889 | 1590 | 2364 | 2033 [ 22.80 [ 17.72 ] 1558 [ 1409 [ 12.84 [ 18.72 [ 15.21
2008 | 16.23 | 15.62 | 1657 | 2207 | 20,71 | 2221 [ 1930 | 1952 | 16.65 | 22.82 | 28.26 | 26.41
2009 | 2545 [ 2632 | 2882 [ 31.62 | 2881 | 24.33 | 2005 | 160.07 | 16.34 [ 1481 | 13.90 | 1044
2000 F17.33 ] 1782 [ 28.04 [ 2479 | 2876 | 26.80 | 21,30 [ 2563 | 2294 | 2637 | 24.83 | 28 54
2001 12247 | 1988 | 20.03 [ 23.07 [ 2430 [ 2037 | 1806 | 1408 | 14,04 | 1398 17.04 | 1854
2002 §13.23 11201 ] 890 | 800 [ 1473 [ 4421008 835 ] 7.07 | 561 | 799 | 763
2003 | 603 | 1339 [ 12,06 | 1657 | 1588 [ 1900 [ 1823 | 1891 | 1947 | 1581 | 22.68 | 23.54
2014 | 9.14 928 | 1124 11214 [ 1155 [ 1674 [ 1784 | 1497 | 1097 | 870 [ 1012 | 17.03

From Initial off Nreca models then it was calibrated and validated
biophysical oh the Kodina watershed, After obtained the parameters then it was calibrated and

validated. So the calculation results can be seen on table below.

Table 11 The Result of Nreca Calibration models

regarding to the

Discharge Calibratrion of Nreca Model on Kodina Watershed
'Hnnl h| Jan Peb | Mar | Apr | May | Jun Jul A Sep | Okt | Nov | Des
2002 1 1479 | 1683 | 30,43 | 2023 | 28.57 | 1843 [ 1147 | 746 6.21 544 | 1065 | 12.52
2003 | 11.34 ) 1596 | 2413 | 2578 | 1865 | 1148 [ 10951373 [ 1087 ] 7.50 | 12958 | 13.43
2004 11420 1 1852 1 18.68 | 2048 | 2070 [ 1805 [ 1574 1185 | 9.26 .80 944 357
2005 § 1353 12146 1 16,72 1 1902 [ 1951 [ 16,01 | 2055 ] 1361 [ 1049 | 13.21 | 1807 | 20014
2006 | 15.30 | 1590 | 1551 | 2536 | 1943 | 2005 | 1250 | 10.36 | 8.1) 6,12 7.43 12.52
2007 [ 1004 | 2285 ] 17.69 [ 28.53 [ 2244 | 2562 | 1794 [ 16.33 | 14.60 | 12491 | 1625 | 14.82
2008 | 1520 | 14.69 1 18.55 [ 2105 [ 2001 [ 1920 [ 1788 [ 2102 | 1682 | 2591 | 34.05 | 29.73
2009 | 29.57 | 29.65 | 32.31 | 3532 [ 30.87 | 2392 | 18.91 [ 14.05 | 1478 | 1555 | 1583 | 10.40
2010 | 1921 | 18.61 | 34.33 | 32.01 | 2951 | 2482 | 1859 25,10 | 2088 | 26.16 | 23.30 | 2812
2011 20,00 | 18611795 12202 12385 | 17909 {1586 [ 102 [ 1175 | 1240 | 1647 | 18.39
2012 10,98 | 948 06.68 5.99 1556 | 1413 | K49 6H.63 534 4.03 5.42 7.34
2013 7.22 | 1458 | 13.30 [ 1788 | 24.03 | 2231 [ 1935 | 19.13 | 19.83 | 1330 | 23.01 | 25.25
2014 8.72 8.62 RT3 L1238 | 1145 | 1608 | 17.04 | 13,03 | 9.44 7.13 .38 18.73

The result of the calibration of discharge Nreca models shown in figure-2. The hydrograph
was compared with observed discharge data, The result of the computation are shows the graph

below,
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Comparison of Discharge On Kodina Watershed
Obsarved Discharge, Calibration of Nreca and Nreca Model

0 Sssisin b AR A 1 AL L L " . s arbaa b

2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014

Years

Data = Nraca Model Nreca Calbraton Moadel

Figure 2 The Graph of observed discharge, Nreca model and Nreca calibration

The calibration and verification in the calculation Nreca models need to be calibrated
against the parameters of the Soil Moisture Capacity (SMC), the coefficient of infiltration,
recession coefficient, Initial Soil Moisture (ISM), and Initial Ground Water Storage (IGWS) in
order to obtain the optimal parameter values then used statistical test for correlation coefficient,
volume and t-test error,

The calibration results are shown in table 11, It shows that results of the discharge are more
closely to the observed discharge data. The average observed data is 15.58 m'/s while the Nreca
calibration models had a result of 16.12 m*¥/s. From the Figure 2. Nreca calibration models could
be assure to predict the distribution of availability of water with good accuracy. This is caused
by the correlation value R2 of 0.826. Correlation value is greater so it can be trusted.

with comparing the mean and variance between discharge data on the calculation and
observed data.

3.2, Discharge with Final Nreca model and Adopting Land Use and Climate
Changed

Effects of changes in land covers increase of temperature has direct impact to the flow rate in
the rivers. Following the Dunne and Leopold (1978) that the impact of land used are direct to
net rainfall. Also it would influence to recharge the ground water. The Phenomena of
temperature rise and reducing of vegetation has an effect to the discharge. Theretore calculation
of Net rainfall was considered in the simulation,

Effects of changes in land cover and rainfall to recharge the ground water and in showing a
similar pattern, for groundwater recharge in a part of the shallow groundwater recharge and the
amount was comparable even with a much smaller percentage. The best results by following
the test shows the Nreea calibration model is closed to observed data. It can be concluded that
the calibration model gives best results.

It is seen from the results of the correlation value (R) Nreca calibration model is best
compared to the other methods. The Simulation results show that the vegetation changes from
2002 to 2014 as the year for the same rainfall will produce more water runoff, while decreasing
the amount of rainfall on the same land cover by itself will reduced runoff.

http:/Awvww.iaeme.com/ICIET/ index.asp editor@iacme.com




gudi Herman, M. Saleh Pallu. M. Arsyad Thaha and Rita Tahir Lopa

Regarding to result of evapotranspiration due to temperature rise (table-7) and calculation
of net rainfall in Kodina Watershed (table-8), the it was calculated the discharge as an impact
of both parameters. The result of discharge was shown on table below.

Table 12 The Result of Discharge by Using Net Rainfall and Temperature rise

i Discharge Nreca Model on Kodina/Mayoa Waters hed

Month[ Jan | Peb [ Mar [ Apr [ May | Jun | Jul | Am | Sep | Okt | Nov | Des
2002 1442 | 1763 | 2825 | 2609 | 2780 | 1630 | 11.43 | 580 487 462 10,27 | 14.03
2003 | 1355 116522300 | 2628 [ 16.69 | 872 11000 [ 12951 1005 500 | 1308 | 14.79
2004 1449 | 16,52 1 17.85 | 1996 | 1770 | 1491 [ 1263 ] 12,15 | 923 SA46 [ 1038 | 6.58
2005 {1113 [ 2176 [ 1594 [ 1913 [ 2068 [ 1200 [ 1458 [ 1045 | 7.73 [ 1026 | 15.22 [ 2020
2006 1079 | 1409 | 1738 | 26.23 | 1638 ] 1690 | 9.76 573 557 399 4.84 1000
2007 | 7.60 [ IRA2 11504 [ 2569 | 1941 | 2238 [ 1656 | 1682 [ 1540 301 [ 1571 | 1300
2008 | 14.06 | 1454 | 1875 | 1914 | 1899 | 18.00 | 15.68 [ 2077 | 16.39 | 27.59 | 32.67 | 29.48
2009 12700 f 26,42 | 2896 [ 3187 | 2664 | 2334 | 2038 [ 178 [ 1792 [ 1857 | 16.65 | 11.39
2000 16,32 | 1712 | 3141 | 2657 [ 2757 [ 2016 | 17.32 | 2004 | 1951 | 2665 | 23.08 | 25.87
2001 1789 116691 1596 | 1809 | 2023 | 1L16 | 1203 ] 999 [ 1028 ] 1108 | 1320 ] 1597
2002 | 1043 | 991 702 | 6.53 [ 1328 | 11,72 854 | o84 | 570 | 565 | 893 | 7.61
2003 7.62 12,66 | 1360 | 1704 | 1845 [ 2001 [ 2120 | 1064 | 20043 [ 1308 | 2046 | 24.23
2004 11043 | 802 J 1026 1158 920 [ 1361 [ 1615 ] 1i8a | 870 | 628 | 788 | 17,14

Comparison of Discharge On Kodina Watershed
0 Observed Discharge, Nreca Model dan Land Use & Temperature Changed

Debit (m's)

2002 20m 2004 2005 2008 2007 2008 2009 2000 2

Data

Nreca Mode! w—— Land Use & Temp Changed

Figure 3 The graph of observed discharge, Nreca model, and Model LU&TC

The hydrologic processes simulated in the basin as shown by the influence of land use
change (net rainfall) and climate changed (temperggre rise) has a similar and closed result
compired with observed discharge. Considering the land use change and climate change in the
Kodina watershed, it was the obtained results are better and very close to measured data.

4. CONCLUSIONS

To obtain better results on Nreca model it was concluded that the model should engage the net
rainfall (due to changes in land use) and evapotranspiration due to climate changed. The
influence of land use changed caused the net rainfall was less about 9 % from rainfall data.
While the increase of temperature effect to the rise of evapotranspiration. Both of parameters
had significant impact to the models. By applying of these two parameters, the results obtained
are very close to the observed discharge on Kodina Watershed. There was the difference -1.78
% of the model compuared with observed discharge. However, the database should have an
adequate level of accuracy.
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Soil moisture content test are needed to obtain parameter of SMS (SMS= 315.55 mm).
Regarding to model by reducing of forest area it would reducing some parameters such as
Nominal = 809.4 mm: PSUB = 0.815 and GWF = 0.21. While a temperature rise has an impact

evapotranspiration (increase about 0.5 %/month). From the models it was concluded that
gnd use and climate has a big impact to the catchment arca therefore it was needed a good
control to reduce deforestation.
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