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Development of Rainfall- Delayed Response Model for the
Calculation of Baseflow Proportion
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Summary

The Purpose of this study is to develop the rainfall-delayed response model (RDR Model)
which influences the baseflow proportion of rivers as a result of the antecedent precipitation
of the previous several months.

The assesment of accurate baseflows in the rivers is one of the most important elements
for the planning of seasonal water supply for agriculture, water resources development,
hydrological studies for the availability of water and design criteria for various irrigation
facilities,

The Pulukan river gauging site which is located in the Pulukan catchment on Bali Island,
Indonesia was selected to develop this model.

The basic data which has been used comprises the available historic flow records at
19 hydrologic gauging stations and 77 rainfall stations on Bali Island in the study.

The methology adopted for the derivation of the RDR model was the water balance
equation which is commonly used for any natural catchment ie,P=R-+(catchment losses)
=R+ (ET+DP+DSM+DGW).

The catchment losses consist of evapotranspiration, deep percolation. change in soil
moisture, and change in groundwater storage.

The catchment areal rainfall has been generated by applying the combination method
of Thiessen polygon and Isohyetal lines in the studies,

The results obtained from the studies may be summarized as follows :

1. The rainfall-runoff relationship derived from the water balance equation is as
shown below, assuming a relationship of the form Y=AX-+B, Finally these two
equations for the annual runoff were derived ;

ARO;=0.855 ARF—821, ARF=1,400 mm
ARO,=0.290 ARF— 33, ARF <1,400 mm

2. It was found that the correction of observed precipitation by a combination of Thiessen
polygons and Isohyetal lines gave good correlation,

3. Analysis of historic flow data and rainfall, shows that surface runoff and base flow
are 52 % and 48 % (equivalent to 59.4 mm) of the annual runoff, respectively.

4. Among the eight trial RDR models run, Model C provided the correlation with
historic flow data. The number of months over which baseflow is distributed and
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the relative proportions of rainfall contributing in each month, were estimated by

performing several trial runs using data for the Pulukan catchment, These resulted
in a value for N of 4 months with contributing proportions of 0.45, 0.50, 0.03 and
0.02. Thus the baseflow in any month is given by :

P1(n)=0.45 P()+0.50 P(5-1)+0.03 P 5.2y +0.02 P53y

5. The RDR model test gave estimated flows within +3.4 % and —1.0% of the observed

flows.

6. In the case of 3 consecutive no rain months, it was verified that 2.8 % of the dependable

annual flow will be carried over the following year and 5.8 % of the potential annual baseflow

will be transfered to the next year as a result of the rainfall-delayed response.

The results of evaluating the performance of the RDR Model was generally satisfactory.
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P—=R+ (Catchment Losses)
—R+ (ETo+DP+DSM+ADGW) «reveveeees 1)

P : &K & (Precipitation)
P : i & (Runoff)
ET, : 7%%# & (Evapotranspiration)
DP : #: F&% & (Deep Percolation)
DSM : +3#7k 4384 {L & (Change of Soil Moisture)
DGW : #1 F A& B7#E & (Change in Groundwater
‘ Storage)
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Fig. 1. Isohyet Map on Bali Island.
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Fig. 2. Location of Pulukan River Basin.
Table-1. Climatelogical Data for Negara Station.
It Uni Month ) M
ean

em mit Jan | Feb | Mar | Apr | May | Jun | Juj | Aug | Sep | Oct [ Nov | Dec
Temperature T 28 28 28 27 27 26 25 26 27 28 28 28 27
Relative % 81 80 82 81 82 81 81 77 79 78 77 79 80
Humidity
Wind velocity | km/d | 118 | 83| 77| 70| 93| 116 | 134 138 | 148 | 150 | 142 | 98| 114
Sunshine % 41 47 49 65 61 56 64 68 63 66 61 51 58
Duration
Pan Evapora- mm 5 6 5 5 5 5 5 5 6 6 6 5 5
tion E
Rainfall mm 228 | 202 185 126 96 Q0 69 69 76 | 147 | 180 | 220 141
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A 2ol XY RIS 27T BE (Relative
Humidity) = 80% “F¥JBE-& 114km/day, KB E
S 5mm/days| = HIREK-L 58%0] Art.

2. RRAZE

MBCF AR E L o 2] kel Y21t Thiessen
palygons} Isohyetal Lines Methed®) #l&8:S K
Riste itHstd o] 1 —ge ofelo} o
BIATE InELRE (Weighting Factor or Multip-
liers) Table-2of U4 3t}

e MR,
Ml—EAiXRi ............ (5)

Table-2. Thiessen Polygon Cofficient and Multipliers.

River Gauging Station

Rainfall Station Thiessen Coefficient Multipliers
7. Pulukan Bujak 0. 50 0. 50
Pulukan 0. 50 0. 44
Table-3. Areal Rainfall for Pulukan River Basin.
CA=52 ¢km’

Year | Jan Fed | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec Total
1973 246 255 116 315 187 165 72 12 367 461 384 206 2,786
1974 245 273 313 105 131 107 31 33 257 470 469 345 2,779
1975 340 183 403 318 153 0 63 55 293 325 448 270 2, 851
1977 | 241 219 110 0 2 9 18 0 4 172 202 159 1,136
1978 377 233 354 341 323 446 210 114 151 239 258 424 3. 470
1979 329 232 289 126 333 157 100 166 53 88 285 264 2,422
1980 303 100 185 339 153 0 0 0 26 92 312 430 1, 940
Mean* 319 204 309 246 219 142 81 74 156 243 354 346 2, 693

Note ! Asterisk(*) indicate an average rainfall of five (5) years excluded 1973, 1977.

o 7] 4,

Mi:

Ai:

Table-4. Comparison of Areal Rainfall and
Point Rainfall.

BLRIRT ] MEMRENE (Rainfall Weighting
for Station i)
iBLERT 7L B sHe % AN R (Thi-

essen Polygon Area for Station i)

A ZBITIRE R (Total Catchment Area)

Ri: SWEE= 2 R i BT/ LAs
© AP F57H B E (Mean Annual
Rainfall in Thiessen Polygon Area for
Station i from Ischyet Map)

Ri [ iBHIAT o) RIABINME ESEHBNE
(Long-Term Mean Annual Rainfall at
Station i)

A HEE FIR st FE 3 pulukan B2
FE BRES 2,693mE bt Table-344
Hzupsl Zro]l ABIR Al 4bstgdet.

HETHETE AR A T ke Beksl Bot
o EHEMEFES Table-40) A2} 7ro] H#rsat

Unit . mm
Month Point Rain - Areal Ramffl“ -
at Pulukan Thiessan+ | Arithmetic
Isohyetal line mean
Jan 243 319 314
Fed 233 204 292
Mar 207 309 278
Apr 154 246 199
May 129 219 153
Jun 90 142 97
Jul 88 81 77
Aug 74 74 61
Sep - 97 156 75
Oct 44 243 175
Nov 238 354 271
Dec 258 346 318
Total 1855 2693 2310
Mean 159 224 193
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Line #l& J7ikoll ol gk ghel 7T1%Fi ol i FlgtyF
¥ B2 86%] 1B MERECSR Velire
o Fr R ol 4 BB g kel zto] A fFYEel
A= FRGER 2 $EA 5He Thiessen  polygon 3+
Isohyetal Linefl & Hiko2 A4S gH5 @& &)
it

A Model e (£ 4 Run-
off Depth) & vbg HEXS A sl ARIME
R He] MBSl e = Table-5d 49} 2+
o] 19 A CEMI h¥hol A MR FERHZ ¥ A
sk 4= 9l X% Rating Equations %3} 3 Pu-

lukan K HEEL o) LA A ul-S IR S eF

_QX8B.4
RD="7 (6)

of 7] A,
RD : FitiE (Runoff Depth), mm

Table-5. Rating Equations for Pulukan River
Gauging Station.

River/

Station CA,kef| Equation Range Reriod
Pulukan/[ 52, 6| Qm=10.0H** [0.50<H<11 | 1973~1977
Pulukan Q = 8. 96H**| 0 ¢0<H<1 2 | 1978

Q =10.95H**[ 0.60<H<1.0 (1979
Q =11.0H*®" | 0.50<H<1. 2 | 1980

Table-6. Correlation between Pan- Evaporation
and Evaportranspiration.

Evaporation Evapp—Tr- ET,
Month anspiration EVP
mm m %
Jan 167 150 0. 90
Feb 154 139 0. 90
Mar 161 148 0.92
Apr 159 150 0.94
May 149 136 0. 91
Jun 138 120 0. 87
Jul 146 136 0.93
Aug 164 208 1.27
Sep 177 162 0. 92
Oct 192 189 0.98
Nov 186 180 0. 97
Dec 167 164 0. 98
Total 1960 1882

Average 0. 96

Q : it & (Discharge), m?®/sec

CA : gk (Catchment Area for the Sta-

tion); km?
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Fig. 3. Evaporation vs Evapotranspiration.
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Fig. 4. Monthly Evaporation and Evapotranspira
tion (ET, /EVP).



RERHBHEES 913 BH BERERR HHEE

chgat ol Fomsloh
Penman % :

ETo=CW R+ (1 -W) -f(u) - (eg—ea)) - (7)

7] 4,
ET, : &R E, (nm/day)
W ! %R = Bli= = IEFRE (Temperature
-Related Weighting Factor)
R, [ §i#& 4 (Net Radiation in Equivalent
Evaporation), mm/day
f(u) : BOHEEHE (Wind-Related Function)
(ea—eq) . FEEKS) EIEke o] KA % (Difference
between the Saturation Vapour Pr-
essure at Mean Air Temperature
and the Mean Actual Vapour Pres-
sure of the Air), mbar
C : W 1ERE (Adjustment Factor to Com-
penstate for the Effect of Day and
Night Weather Conditions)
Solomang FE[HERI &3} HBEEE AREA
RBHES HE HES A@B) Zol F3

ahsek.
ET¢,=RF'( 1 - e—ET/RF) ........................... (8)

of 7] A,

ET, : &% EE, mm/day
RF ! &M&E, m

ET % &EE, m

N. B8 & #%

1. & —REE #RFHE Rainfall -
Runoff Relationships, ARO),

FlE TR FIRGHEISL BAKEREIE &
Lol BEE iR BiE-e GBI el 6T
B2 A BEERS shel |MIBBA Hikol A
A ske Aol Fimibsl o ek £ kol 4
[ERFTRENE #8502l ETHMME A K W9 %
A 5 PREA Q- RS HEis) B
g ABE 2 ARO Modle$ FHEalgn, Sy B
S HAZ ARO Model o] —-&

% ARF=ARO+ (ET,+DP+DSM+DGW),
ET,=ARF{(1 ~exp(-ET/ARF)} o]t}

TR BKEANA A ] Al & ET. o itk

Aol A EE#HHC oY #gl g DP,DSM, D-
GWe BB T+ K Rl Hith2iel pulukan
K3 HeBE3E 7ho] Concretesd ¢] WeirBl el 4= it
R4 R o) BiEE F1 KHleEd Assd
vebub= A o) A sl FRLEHERE12 o
AL AREREEE R Adas=lq 0 (&F)dl <A
gto 2 Catchment hosses=ET,4+DP+DSM +
DGWe} zro] gsi 9| Bz H¥R HESIEL,
Balizle| <88 ifilfadlA #H%&EE Table-7

Table-7. Calculation of Potential Rainfall *
Losses by River Basin.

Unit . mm
S tation Ca;crh:’e::nz Rainfall Runoff | Losses
Lalanglinggah 152 3459 2105 1354
Sorga 43 1781 606 1175
Denposar 25 2310 1118 1192
Sawan 83 2440 1012 1428
Leboksemawa 79 3369 2039 1330
Umadesa 87 3963 1822 1141
Pulukan 53 2662 1498 1164
Sidan 65 2919 1405 1514
Buangga 202 3095 1647 1448
Silakarang 108 2298 831 1467
Sibetan 8 3491 2291 1193
Tiyingtali 28 2003 778 1225
Cegeng 209 2655 1601 1054
Titab 55 2986 2038 948
Gitgit 10 3996 2600 1396
Bedahulu 57 2068 1231 837
Luwus 22 2065 647 1418
Jero Pengentuk 33 1455 687 768
Banjar 36 1855 315 1540
Mean 2677 1383 1242

Fig. 5. Rainfall-Runoff Relationships in Bali
Island.
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ol A RdF A3} o] FHMBMIALES 1,242
mmo] I FEMIRHES 1,383m=2 4 MR FEEERE
& 2, 677mmol) ¥ sted 52%2) MHEL el
v}, Fig. 59} o] & FEHZ BFFH % KHER
zhS IER TR B5E (Plotting) st L &¥i7}
pHEe @A 2 oA e el FREREE
zrol EBMe R AiEd + v y=Ax+BY
#H BA BWEol 1,400mmA L Ui 2l1, 400mm
Fwd FHT F dve HEKL 10 FY
sH3ich,

ARO=0. 855ARF - 821, ARF =1, 400mm-----+9)

ARO=0. 290ARF — 33, ARF<1,400mm-----(10)

537] A,
ARO | FEHMHEE, mm
ARF  FHEGNE, mn

Table-8. Correlation between Observed and
Calculated Runoff by ARO on Bali
at Pulukan Station.

. Runoff Correlated

Year | Rainfall(p) Observed Calculate;i X‘;{ig

OBS | by ARO* | ARQ
1974 2779 1360 1555 1.14
1975 2851 1919 1616 0. 84
1978 3470 1522 2145 1. 40
1979 2422 1798 1249 0. 69
1980 1940 899 838 0.93
Mean 2693 1500 1481 0. 99

Note ; Rainfall-Runoff Relationships, ARO
ARO=0.855ARF-821, ARF 21400
ARO=0.290ARF-33, ARF <1400

RAINFAU-RUNOT RELATIONSHIP, ARO
2 Bali¢#82] ¥ B3 Pulukanjftigdl 4
BRI &S Table-8ol| A2} o] Hikks) X
Azl 5EE BREREE 1, 500mm2t ARO Model
2 My gel 1, 48mm2 A FE T 9% i

& el Fn geh,

2. RETSE I FES BYF S (Development of
Rainfall-Delayed Response Model,
RDR for Pulukan River Basin)

Pulukan JiESEA o] 4] BRTEIERERR ] FH
& HWREE #ES B3 Simulationg] Table-
9ol ATBMIME 2 AEER SMF  (1974~19
80) & FIfste] Fig. 6ol A9} Zro] 1 HuRk-S
B sl M E (ARO) & #EE il (Sur-
face Runoff, ASRO)3} i FBHESZ 214 #
Bl 2 el REMH S (Baseflow, A
BF)2.2 4rastolct.

1TE 3+ ASRO%} ABF¢| I #(E RDR Modelel]
AT1dle &R BFEERERES] HE-L Ca-
-sio PB-700, FA-11 Computer Systemel] 2|3} 4
HEER %)

'\

ASOROTFWE W [IXSCND JFWAY JTRSOND.JF WAl ] [RSOND JF WAR [ b TONT
1975 1928 1974 19

JFRAM ]
1979

Fig. 6. Observed Records of Rainfall and Rur-
off in Pulukan River Basin.

Table-9. Observed Rainfall and Runoff at Pulukan River Gauging Station.
CA=52 pkm? Unit . mm
Year Item Jan | Feb | Mar | Apr { May | Jun | Jul | Aug | Sep | Oct | Nov| Dec Total
1974 | Rainfall | 245 273 313 | 105 | 131 | 107 | 31 33 | 257 | 470 | 469 | 345 2,779
Runoff 137 | 212 | 2234 79| 66 39 31 26 69 | 102 | 207 | 158 1. 360
1975 Rainfall | 340 | 183 | 403 | 318 | 153 0| 63 55| 203 | 325 | 448 270 2. 851
Runoff | 2031 183 | 260 | 227 | 138 | 25 31 26 79 | 244 | 320 | 183 1,919
1978 | Rainfall | 377 | 233 | 354 | 341 | 323 | 446 | 210 | 114 | 151 | 239 | 258 | 424 3,470
Runoff 199 | 156 | 229 | 128 [ (920} 168 71 31 69 | 132 94 | 153 1,522
1979 | Rainfall | 329 | 232 | 289 | 126 | 333 | 157 | 100 | 166 53 88 | 285 | 264 2,422
Runoff 336 | 189 | 224 | 123 | 127 | 23) 4] 51 59 41 | 177 | 199 1,798
1980 | Rainfall | 303 [ 100 185 | 339 | 153 0 0 0 26| 92| 312| 430 1. 940
Runoff 122 68 97 | 187 37 14 20 14 14 14 73 | 239 899
Mean| Rainfall { 319 [ 204 | 309 | 246 | 219 | 142 81 74 | 156 | 243 | 354 | 346 2. 693
Runoff 199 | 162 209 | 149 | 92| 95 39 30| s58f 107|174 186 1. 500
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t. hEEFHHSEE (Surface Runoff, ASRO)

FERI AR HWHE SEE ARO Model o
w4 FERBEE FESL ol Held &
B BERHNES BRI BS EE HEREREES
2 Feka EA 9 EEWM S fi— Calendar mo-
nthujoll 4 B+ ®Fsldn BEE AJGHE
Gl el fE shedck

L}, BERBOEE (Baseflow, ABF)

HEERAN REREES EA o BHRE. T
BFE =t HEN R .2 Rechargesl& B
3 BUEAATS BNEo] 9o F—% HAo=®
Recharge®l Bo| &l A FEE G
fihEe 2 Jelvts Aog O #ke 25t
EERL &Y B2EE T3 veldA] ek
Pulukan K3CHhEhe) A= Table-3 2| SEE 2 8
B OERE PR BFEES Baseflws %
ol 5 A ~9 Akl PHOIIHES H#Esly

Table-10. Calcualtion of Baseflow at Pulukan

Station.
Average Percentage of
. Baseflow to
Year | Period Baseflow
mm Total Annual
Runoff %
1974 | May-Sep 46.2 41.0
1975 | May-Sep 59.8 37.0
1978 | May-Sep 86. 2 67.9
1979 | May-Sep 85.0 56.7
1980 | May-Sep 19.8 26.0
Mean 59. 4 47.5(= 48
250
ZOOJ Observed flows
o R Syears mean ('74-'80)
150
E
|00
&
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0.
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E
1" 2 3 4 5 6 7 8 9 10 11 12
Month

Fig.7. Seperation of Baseflow at Pulukan
Station.

HE slgl oo Pulukanifiii =k 7to| HEBIRIAR
7b B sl A BE R KT RIB R
HE #ES B4 E fufe BiE Model FE& 7+ &
Ei3ro g SHE BRI A PHEERHES 3
Hoskgict.

Table-10| A2} 7te] FERIMHE ARO o
3t ABF Ratiow 48%-°|x it #HE s
o 59, 4mm7} == o] 7S RDR Model il
Bl SET FHEERBERE Fig 72 2
o] Bl sH3d et

Cl. BB M ME (Rainfall-Delayed
Response Model, RDRM)

RDR Model®] ARl BMZHEAE &
f itk (Qn) o= wha

Qn=ASRO+ABF ................................. (11)

ASRO= (P) - (ET,+DP+DSM+DGW) --+(12

A9 Kan=h (29 EmEHL - EEREE

& Bk 2ol ®m¥ 4 Ueh

"ASRO=0,52 ARQ-+++rrsererernneernerrnirnenonins 13
ABF=0.48 ARQ- - cerevririaiiiimiiiiiii., 14
Py = Romy JARF -+ +oovenenmiiniiiiiiiinns 15
SRO,)= Py tASRO- - verrveresriinneiiniin 19
Pim=C+Pin+Cay *Piny+Cos *Pinsy+Coas -

Py gy toeeretrereneensenetnenne e e an
Kol Kire] et =Hel4
BF =Py ABF ceereereeninininy (18)
Qu = SROyy +BFy soveerrrerreseninereninnnn, 19
7 s},
74,

ARF . FEIfBHE (Annual Rainfall)

ARC  FERpHE (Annual Runoff)

ASRO : FRMERH I & ( Annual Surface Run-
off) ,

ABF ! FRIEEREE (Annual Baseflow)

Rn  nH Y BFE (Rainfall in Month (n))

Pn nA 9 BFRESHER, (Experessed
as a Proportion of ARF)

SROw, : nR ¢ HiEmitH & (Surface Runoff
in Month(n))

Pim FRHIEERKEA S nfoll BAEGE
ERH &S XK (Proportion of ABF
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Occuring in Month(n))
BFn :nf 9 KW E (Baseflow in Month
(n))

Qi :nf ol A& (Total Runoff in Mo-

nth(n))

A7) ER o) Pulukanffiliioll 419 HiiE-&
HEAR BRNE Yo g8 sz deA9 &
A8 SHSivh fEE BERhel A4 1EA, 2MA, 3
fBA 2 4M@HET] ABMES RDR Model
°“ Aj]’{]ﬂl Cl, Cz """ Cn_:gl %ﬁgfﬂ%
Casio-PB-700 Computer System o 2 EHER
shglo

Table-116j| 4 R wlel Zre] fREAYOZ
1975 2] BEMAEE S £ Parameterfl| 2 L&}
BSikos

gl BR X EE

1) & %

Table-110l] 2} xto] fhsE el 19755 2
BRI EHREES 100%2 st ARk 5%
fiFge &% ComputeriBol o4 zt3l HEH
Sl BRI FERH R BT e 3.4%
7b ek lm, RE 1.0% LITFE ARge] ¥
&5 ek, weld AE3 Modelif#= Rainfall-
Delayed Response Model&] —fi el (70l oA
she] BERIG)H,

BF =+ RDR Model s =
RDR Model=C-P(m +C1 'Pm_”+Cz 'mez) +ca‘

P(n—z»'f“cﬂp(mm Re=1.00
RN. A=0. 40P, 0. 50P,_,, +0. 10P,_,,
Rec.a=1,013

RN. B=0. 30P;n,+0..60P5_,,+0. 10/_, ,

Rc. b=1.016
RN. C=0.45P,,,+0.50P,,_,,=+0. 03P,, ,,+
0.02P-4), Rec.c=1.012
RN.D=0. 40P, +0. 50P,, 1,+0. 06 P, ,,+
0.04P,_s), Re.d=1.015
RN. E=0, 40P, +0. 45P, ,,+0. 10P,, ,,+
0.05P,,s, Re.e=1.056
RN. F=0. 17P,, -+0. 40P,,_,,+0. 23P,,_5, +
0.12P,, 3,40. 08P, ., Re. f=1.034
RN. G=0. 25P,, +0. 40P,,_,,+0. 20P,,_», +
0.10P,_s,+0.05P,_,,, Re. g=1.027
RN. H=0. 20P,, +0. 40P,_,,+0. 20P,,_5, -+
0. 10P,_5,+0. 10P,, ,,, Re. h=0.990
o371 M Re & A Fil oK o) 4 R o=}
SHtER S Ea] Pulukan il 4§ H BRI oll
FE-2 BillfEsl #HEd ERER 25 HEY
8{E2] Model Test FERZKE Table-11d]A] =
= vpe} zro] P o] Hifisl +3.4%2 -10%
E eyt 2R KERFIAEA A #lEy
w KICERET = b RFIEE WIS FRi e
MRS FtElol ook stmg FRIHE HHES
HFE )= vk 5 6] Bt WPE B == #2850
Tioll A= #fHsholl 7H ~ 8 H el Baseflow &2
WEo] 222 EiRgr 812 Running Model
ol 44 RN.C¥ Re.c=1.0120] 3, ‘ERIRE S 2 &
= BRiERebs 1.2%7F 202 Jelyhont
oli= KB HEo s Yol e EEsl ¢
2 MO w2 M-S neldoel mg BIRIE A
WE Aoz sl 7H3 8§ Ao wEM
W7 Fob Pulukanifilol 419 &4 RDR
BEEI 2 RN.C Model 2 #iE s = HEXo2 *
AEke o3 el

Table-11. Summary of Simulation in Different Parameters,

YEAR 1975

Unit :

Run Parameter

No. P"lp’”lpmmﬁw Jan | Feb | Mar | Apr

May

Jun | Jul [ Aug | Sep | Oct | Nov |Dec | Total

0.072/0.013({0.016]0.014{0.041|0.12710.166]0.095| 1.000
0.091
0.09710.04310.01210.018] 0.044[ 0.097]10.125(0.134]- 1.016
0.085) 0.033{0.013]0.020| 0.05670.103]0.131[0.126( 1.012
0.088] 0.039/0.016(0.020{ 0.052(0.09910.126(0.127] 1.015
0.089] 0.042{ 0.019(0.020{ 0.051(0.094[0.125{0.125{ 1.016
0.103] 0.069) 0.040( 0.02710.034[0.067]0.100{0.119} 1.034
0.098] 0.061}0.03410.024{0.04010.075}0.1080.120( 1.027
0.102] 0.064] 0.040]0.029]0.038]0.070[0.101 [0.116] 0.990

Observed 0.106] 0.095]0.135]0.118
A |o0.40]0.50]010] - — |0.126]0.09710.100{ 0.121
B [0.30|0.60{0.10] — = ]10.127(0.103] 0.092| 0.124
C 10.450050]0.0310.02| — |0.124]0.095/0.101]|0.125
D |0.40{0.50]|0.06{0.04] — |0.126]0.099]0.100|0.123
E |040]0.45[0.1010.05] ~ [0.128]0.100{0.103[0.120
F {0.17]0.40[0.23]0.12{0.08]0.136]0.120{ 0.105| 0.114
G [0.25]0.40{0.20]|0.10|0.05]0.134] 0.113} 0.105| 0.115
H 10.20]0.40]0:20|0.10]0.10]0.133] 0.119] 0.106| 0.115

0.038(0.01410.018(0.052{0.099(0.130]0.127| 1.013
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Table-12.Compasison between Monthly Runoff Coefficients of Observed and Estimated by Model C.
Model C : 0.45P,+0.50P,+0. 03P, ;+0.02P,_s Unit . %

Year| Ttem | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec [-onmual discrepancies
Coefficients | Flows, mm
1974 Observed |0.100{0.156(0.172]0.058]0.049 | 0.028 ] 0.023}0.019} 0.050|0.075| 0.152] 0.116 1.00 1360
Estimated [0.084}0.09310.103]|0.078{0.028]0.045]0.027]0.014]0.052]0.131] 0.165]| 0.147 0.967 1339
1975 Obs.erved 0.10610.095]0.135(0.118]0.072| 0.013|0.016|0.014|0.041 {0.127] 0.166] 0.095 1.00 1919
Estimated {0.124]0.095{0.101]0.125|0.085[0.033|0.013]0.020{0.056{0.103{0.131]0.126 1.012 1926
1978 Observed |0.131]0.102]0.150|0.084]0.060}0.110{0.047| 0.020| 0.0450.087] 0.062] 0.160 1.00 1522
Estimated [0.123]0.092]0.084|0.099]0.094]0.108 [ 0.096| 0.050|0.039]0.054] 0.070( 0.095 1.004 1523
1970 Obs.erved 0.186{0.105]0.124}0.068]0.047|0.128 | 0.022]| 0.028 0.03210.022|0.098]0.110 1.00 1798
Estimated {0.12510.117]0.10710.089|0.093(0.102 | 0.058] 0.010{0.046{0.031 | 0.073] 0.109 0.965 1768
1980 Observed |0.135[0.075{0.1070.208]0.041]0.015[0.022{0.015}0.015]0.015]0.081] 0.265 1.00 899
Estimated [0.130]0.106]0.076]0.132]0.128]0.047 [ 0.006 | 0.002|0.006]0.028|0.097]0.184 0.942 874
Mean Observed [0.132(0.108]0.139|0.099|0.06110.063 | 0.026{0.02010.038{0.071]|0.1160.124 1.00 1500
Estimated {0.122]0.100{0.097|0.103]0.087[0.0¢9 | 0.044]0.031]0.042]0.0710.107]{0.127 1.00 1498
Table-13. Example of Runoff Calculation for 1980 Year.
Annual rainfall (ARF)=1, 940 Surface runoff (ASRO)=467
Annual runoff (ARO)= 899 Baseflow (ABF) =432
Rainfall Surface Base- | Total | Runoff
Month | (ARF)| P(n) ?ZnSORO) 0.45Pw 1 0.50Piny [0.03Pny | 0.02Pns | 0.0Pms Plia) (AOVBVF) runoff | coeffi-
(mm) (mn) (am) (um) | cient
19790ct 88 | 0.036
Nov 285 0.117
Dec 264 | 0.109
1980Jan 303 0.156 72.9 0.070 0.055 0.004 0.001 0.130 56.2 1291 0.42
Feb 100 0.051 23.8 0.023 0.078 0.003 0.002 0.106 45.8 69.6 0.69
Mar 185 0.095 44.4 0.043 0.02¢ 0.005 0.002 0.076 32.8 77.2 0.41
Apr 339 0.175 81.7 0.079 0.048 0.002 0.003 0.132 57.0 138.7 0.40
May 153 0.079 36.9 0.036 0.088 0.003 0.001 0.128 55.3 92.2 0.60
Jun 0 0 0 0.000 0.040 0.005 0.002 0.047 20.3 20.3
Jul 0 0 0 0.000 | 0.000 | 0.002 | 0.004 0.006 2,6 2.6
Aug 0 0 0 0.000 0.000 0.000 0.002 0.002 0.9 0.9
Sep 26 0.014 6.5 0.006 0.000 0.000 0.000 0.006 2.6 9.1 0.35
Oct 92 0.047 21.9 0.021 0.007 0.000 0.000 0.028 12,1 34.0 0.36
Nov 312 0.161 75.2 0.073 0.024 0.000 0.000 0.097 41,9 1171 0.37
Dec 430 0.222 103.7 0.100 0.081 0.002 0.001 0.184 79.5 183.2 0.42
Anmual 1940 -1.000 467.0 ‘ 0.942 407.0 874.0 0.45
Baseflow :5.8% carried over to following year ; Total flow 100— ggg 8; X 100=2, 8% carried over to following year
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Fig. 8. Comparisons between Observed and
Estimated Flows at Pulukan Station.
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