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Determination of Unit Hydrograph for the Hydrologcal
Modelling of Long-term Run-off in the Major River Systems in Korea
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Summary

In general precise estimation of hourly of daily distribution of the long-term run-off
should be very important in a design of source of irrigation. However, there have not
been a satisfying method for forecasting of stationary long-term run-off in Korea.

Solving this problem, this study introduces unit-hydrograph method frequently used
in short-term run-off analysis into the long-term run-off analysis, of which model
basin was selected to be Sumgin-river catchment area.

In the estimation of effective rainfall, conventional method neglects the soil moisture
condition of catchment area, but in this study, the initial discharge (g;) occurred just
before rising phase of the hydrograph was selected as the index of a basin soil moisture
condition and then introduced as 3rd variable in the analysis of the reationship between
cumulative rainfall and cumulative loss of rainfall, "which built a new type of separ-
ation method of effective rainfall.

In next step, in order to normalize significant potential error included in hydrological

data, especially in vast catchment area, Snyder’s correlation method was applied.
A key to solution in this study is multiple correlation method or multiple regress-

ional analysis, which is primarily based on the method of least squres and which is
solved by the form of systems of linear equations. And for verification of the change
.of characteristics of unit hydrograph according to the variation of a various kind of
hydrological charateristics (for example, precipitation, tree cover, soil condition, etc),
seasonal unit hydrograph models of dry season(autumn, winter), semi-dry season (sp-
ring), rainy season (summer) were made respectively.

The results obtained in this study were summarized as follows;

1. During the test period of 1966-1971, effective rainfall was estimated for the
total 114 run-off hydrograph. From this estimation results, relative error of estimation
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-to the ovservation value was 6%, -which is mush smaller than 12% of the error of
conventional method.

2. During the test period, daily distribution of long-term run-off discharge was
estimated by the unit hydrograph model. From this estimation results, relative error
.of estimation by the application of standard unit hydrograph model was 12%. When
estimating by each seasonal unit hydrograph model, the relative error was 14% during
dry season 10% during semi-dry season and 7% during rainy season, which is much
smaller than 37% of conventional method.

Summing up the analysis results obtained above, it is convinced that g,-index method
-of this study for the estimation of effective rainfall be preciser than any other method
-developed before. Because even recently no method has been developed for the estim-
-ation of daily distribution of long-term run-off dicharge, therefore estimation value by
unit hydrograph model was only compared with that due to kaziyama method which
-estimates monthly run-off discharge. However this method due to this study turns out
_to have high accuracy.

If specially mentioned from the results of this study, there is no need to use each

seasonal unit hydrograph model separately except the case of semi-dry season. The

.author hopes to analyze the latter case in future sudies.
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Fig. 1. Schematic map of Sumgin-river
Catchment area
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Table-1. Area ratio of Thiessen’s Polygon (W-Values)

Observation station I Area(km?)| Area ratio H Observation station | Area(km?) {Area ratio
Jin-An 14, 688 0.006 | Sun-Chang 342,720 0.140
Jin-Chun 14, 688 0. 006 \ Kang- Jin 582, 624 10,238
Jang-Soo 176.156 0.072 Dong-Buk 31.824 0.013
Un-Bong 164.016 0.067 Ku-Re 100. 368 0. 041
Nam-Weon 465,120 0.190 Seong-Su 396.576 0,162
Kum-Ku 26.928 0.011 Kim-Je 66,096 0.027
Tae-In 66. 096 0.027 Total 2,488 1. 000

Fig. 2. Thiessen’s polygon map in Sumgin
river Catchment area
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Range of index value

i
Case (25 ’ Remarks
Case [ 0. 0—0. 3mm I
Case [ 0. 3—0. 6mm
Case [[ 0. 6—0. 9mm
Case [V 0,9—1.2mm
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Table-3. Total input data for Computer programming

Standard Dry Season Semi-Dry Season Rainy Season
Unit Hydrograph | Unit Hydrograph | Unit Hydrograph | Unit Hydrograph
Numbers of yearl 6 years(1966~1971) 6 years(l966~]97])l 6 years(1966~]971)‘ 6 years(1966~1971)
. Jan. Feb. Mar. .
vonnty [Pz BB | ey e [ s g
No. 1 No. 1:14 No.j63 ;: 11|No. 4: 15 No. 67 : 11{No.13 : 7 No.[73 : 11
o 217 uw 6418 v 5. 4 .0 681 6 414 9 4 74:13.
v 3219 w 65313 v 61 6w 6927 9 4 15:13 4 7523
w2118 w 66231 v 7 6 w70 5 4 168 n 76 7
w 2212 w7935 w 827 w7109 4 17 6 w7715
v 23:16 1 80190 v 90 6 w 72:200 4 18 5 u 78:10
w2410 »# 81:19 #»10: 8 w» 84:14] » 19: 5 , 88: 9
w2510 820220 411121 » 85:15) 4 20:24 u# 89 :20
Hydrograph ~ | 2314 w 26210 1 83114 w12:12 4w 86:15 4 32:12 » 90:12
(Number) w2718 n 94215 #28:12 w 87: 8 # 33:14 # 91:14
w 360 7 1 95:29 429: 8 w#102:18 » 34:16 n 92: @
#w 3712w 96216 #30:11 #103:14) » 35:19 » 93:31
v 38:16 w 97200 #31:12 wlIO4: 9 » 51:11 #106:13
n 3915 »# 98: 8 » 43:9 4105:16] » 52:14 4107 : 10
nw 40:16 v 99 9 n44:10 nm 53:. 5 1 108:18
w 412 7 w100 8 #45:10 3735:380 » 54: 9 ,109:12
n 42:11 4101203 o 46:5 — | » 55: 7 11016
w 60: 6 n113: 7] n 47:9 — | 7 56 6 n111:18
n 61:16 w114 :120 448 7 — | »w 5715 #112:10
4No.11” n 62310 3139 1 564 449113 — 1| »58: 8 —
n 50:10 —jn 59: 9 340:493
Base time K ’ 4 days | t 4 days ’ 4 days [ 4 days
Unit hour 1 days I 1 days ‘ 1 days ‘ 1 days
Effecti\;(zi)Rainfall 817 days : 303 days 1 213 days , 301 days
Observeg(gunoff 1442 days ! 569 days ‘ 380 days J 493 days
s o0mn - case 1 Y EAE B BES 42 5 BEIA B
LR EHZ 92 ¢ F gk ol o] Wik BR

Fig. 5. Relation beiween precipitation (p)

and water losses (L;) by g; Index
method
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Ly=2.67589340. 559415+ p—0. 000848 -p* --- (13)
‘Case 3: (g5 : 0.6~0.9mm)
Lg=2,7616634-0. 495437-p~0, 000801 -p* -+ (14)
<Case 4 : (gp: 0.9~3. 0mm)
Ly=5.873843-0, 453145-p—0. 000813 -p* --- (15)
k2 &K A
Lyt iEEaA e BkiE(mm) 5 BEFEL
A RYWES 2 KER)ULF T ¢ $ 9t
(RNRE~RANBATE=HPTE) (3, o] Medol
A9 Ly BE#ERHEY BALFE(mm)o|dt,
P RANWEMmMm) B, £HEEAAY RINFE
ol g —EEKES T3t
9s : BETRATS] PEAEES HE, B skscmhs (dise-
‘harge hydrograph) LRERS HFKEHE o
a7t MY BREE BEEmes HET £ 9=
AN BES F S g
Case 1, Case™2, Case 3, Case 4: W EER
Be) BHE BHH YL 29 RIBEL BEHd 4
Stepo 2 ¢, 5 BT A oLA Eosimza #
EREZ B,
FEERY . B UR~SISRAX Y & ERRE
= FEBRRA A HHR  6EE(1966~1971)9)
11408 —ERNMEKE B HHE WRIA &BH

& ER BUNEEEATE) ¢ EE Programd] A
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e s ot RRE e HER el K
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I
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Table-4. Estimated comparison between
conventional method and g, index
method
i Correla- Contrib-|Estimated
Method Number ltion Co—{ution accuracy
of Dataefficient ratio (Relative
| (R) (R?) error
Conventi- 14 o0.86 0.73 0.12
onal method
gp index 114 0.99]  0.93 0.06
method

Effect — 0.10 0. 15| 0.06

@ # %=

3 Model  (§f3R¥: : 1158, &k 12~15R)&
FlEste & MRS 11408 —HRE (1966~19
) A BEERRGITAM S HRer & Emd
o FYWES #EST K%Y HEMmst HER
% BED R Table-5,63F o] fiskpke] Heted
Aol #d HEHES LB BTS¢ F 2
o, zdx A e BAGEEA Ak BHE~HF
TR EMRS FERES SO Bae AN

Table-5. Estimated comparison between conventional method and g, index method in various

cages

Number Conventional method gy index method
Term
of Correlation ) Estimated |Correlation Estimated
. Contribution| accuracy Contribution| accuracy
Data | Coefficient ——————|Coefficient —
Case | gy(mm) ratio Relative ratio Relative
&) (€3] error (R) error
1 ]0.0~0,3 31 0.82 0.67 0.09 0.99 0.98 | 0,02
2 | 0.3~0.6 45 0.90 0. 81 0.15 0.99 0.98 0.06
3 |0.6~0.9 16 0.89 0.79 0.14 0.99 0.98 0.09
4 10.9~3.0 22 0.83 0.68 0.18 0.99 0.98 0.05
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Table-6. Computer program and Unit hydrograph model by this program
$ CONTROL USLINIT

C NOI
DIMENSION Q(8) 41 CONTINUE
DIMENSION D(2000, 2) DO 20 IP=1,4
DIMENSION R(8) IFAP-K) 21,20,21
DIMENSION V(4,5)
DATA V1, V2, V3, V4/4%0,0/ 21 AIK=V{P,K)
DATA R,Q/1éx0,0/ DO 30 JJ=K,5
DATA V/20x0,0/ VIP,JI)=VJP,JIH—AIK«V(K,]])
DATA D/4000%0,0/ 30 CONTINUE
IH=1
72 READ(S, 10, END=150) (R(L),Q(I),I=1,8) 20 CONTINUE
10 FORMAT(8(F4,2,F5,3)) 40 CONTINUE
IP=1 WRITE (6, 1000) (IK,V(IK,5),1K=1,4)
1 IFRAP), 1000 FORMAT (1 HO, 1 OX, "X (", 12,")
EQ,99,99) GO TO 72 STOP v F15,8
1F(IP,GT,8) GO TO 72 x
D(IH+3,1)=R(IP) D
D(1H,2) =Q(IP) PROGRAM UNIT MAIN’ COMPILED
TH=TH4+] 4% GLOBAL STATISTICS #4#%
IGPO=;1(°)+] ‘] s#x% NO ERRORS, NO WARNINGS ##%x.
150 DO 22 11, TH—1 TOTAL COMPILATION TIME 0:00: 02
JR=1+3 TOTAL ELAPSED TIME 0:00:30
V1=Vi4D(1+3,1)+D(1,2) END OF COMPILE
IA=TR-1 END OF PREPARE
IB=JR—2
IC=JR-3 N =569,
Xz=¥§+§((ll§’]’)*§((f’22) X(1)= , 07532184
3= + ’ )* ’ )
V4=V44D(IC,)*D(1,2) X@= : » 16128403
V(1,1)=V(,1)+DA+3,1)«D(I+3,1) X@®= » 52462685
V(1,2)=V(1,2)+D(1+3, 1)«D(IA,T) X4 = , 16721934
V(1,3)=V(1,3)+-D(I+3, 1)«D(IB,1)
V(1,4)=V(,4)+DI+3, 1)«D(C,1) N=380
22 CONTINUE K1) = , 10915001
WRITE(6, 500) TH—1 X(2)= 16537184
500 FORMAT (1 HO, 1 CX, ""N=",F6,0) X $0725830
V(2,1)=V(,2) ()= g
V(2,2)=V(1,1) X(4)= , 09392044
V(2,3)=V(,2)
V(2,4)=V(1,3) _
V(3 1)=V(1,3) N=492,
V(3,2)=V(2,3) X()= , 09572314
V(3,3)=V(1,1)
V(3,4)=V(,2) X()= , 19616458
V(A’ ])=V(154) _ .
VD =VZH X(3)= , 56497943
V(4,3)=V(3,4) X(4) = , 14032403
¥7(4’.4)=V(1,1)
(1,5)=V1 B
V(2,5)=V2 N=1442,
V(3,5=V3 X()= , 09743750
V(4,5)=V4
DO 40 K=1,4 X(2) = , 18467522
P=U(K.K)' _
DO 28 FP2K,5 X(3)= , 57490814
V(K,JP)=V(K,]P)/P X(4) = , 13327962
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Table-7. Estimated results of long-term runoff by the Unit Hydrograph (results Compared
with Observed Values) When estimated by the Standard Unit Hydrograph

Seaosn Kazyama
Term Average Dry Season Semi-dry | Rainy fomula
Season Season
Number of Hydrograph 114 39 I 35 40 Monthly
Gross days 1442 569 380 493 Monthly
Average days in a Hydrograph 12.6 14.5 10.8 10. 8 12.5
Reative error (%) 129 16% 122 82 37%

Table-8. Results compared with observed values when estimated by the Unit-Hydrograph

each needed season only

Seasons
Method - - Remark
Semi-dry Rainy
l Dry season season season
Unit-Hydrograph | 149 109 7%
Relative error
Kaziyama’s fomula 43% 304 38%
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