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The Simulation for the Monthly Runoff by Harmonic Synthetic and
Harmonic Regression Models

FZ E B, & B K™
Lee, Soon-hyuk Maeng, Sung-jin

Abstract

This study was conducted to simulate long series of synthetic monthly flows by harmonic synthetic and har-
monic regression models and to make a comparison of statistical parameters between observed and synthetic
flovs of six watersheds in Yeong San and Seom dJin river systems.

The results obtained through this study can be summarized as follows.

1. It was found that arithmetic mean values of synthetic monthly flows simulated by harmonic synthetic model
are much closer to the results of the observed data in comparison with those of harmonic regression model in
the applied watersheds.

2. The coefficients of variation, index of fluctuation for monthly flows simulated by harmonic synthetic model
are appeared closer to those of the observed data in comparison with those of harmonic regression model in
Yeong San and Seom dJin river systems.

3. Synthetic monthly flows were simulated for 100 years by harmonic synthetic model which is acknowledged
as a suitable simulation model in this study.

4. It is desirable that comparative analysis with other simulation models including a multiseason first order
Markov model is to be continued.
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{Table 1) Watershed physical characteristics for the applied watersheds

: | Length of main Awerage Shape Obsenved §

River Wa Area(af) stream({km) basin width(km) factor duration{yrs) Location

Naju 2058.72 751 2141 035 '983;5‘987 '[‘;’t‘jg' lggo g’:,

Yeong 1963~1987 | Long. 126° 50°

San Mareug 68396 56.0 1221 0218 (25) Lt 35° 09

1963~ 1987 | Long. 126° 51’

Nampyeong 516.20 20 19.87 0685 (25) Bt B0

Songieong 1963~198 | Long 127° 34

4,255.70 1883 260 0120 (24) Lati. 35 10°

Seom 19%3~1986 | Long, 121° 2

" Aprog 2,441.50 1623 15.08 0.093 ) Lt 3 11

1973~1 127° 34’

Jeongseong 1,350.80 1208 103 0079 ?] 4)985 LL‘a’zg' i
R N. Az g 3%
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24
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= AFC) 2 AFEAF(CHE G459 4 (16),
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{Table 2) Basic statistics of historic streamflow in Yeong San river

Month .

Watershed 1 2 3 1 5 | 6 7 8 9 N TR T )

Statistics
| § 1502 | 1981 | 2527 | 4031 | 4543 | 7487 { 17678 | 10212 | 9158 | 26.40 | 2034 | 153
) S; 800 | 1226 | 2519 | 3098 | 3971 | 11080 | 12489 | 7677 | 7526 | 1761 | 1591 921
hald C, 092 | 081 | 25 | 18 | 120 36| 047 | 17| 139 176 | 237 135
¢ 053 | 062 | 100 | 077 | 087 148 07| 075 08 | 067 | 078 | 060
Q 960 | 1035 | 11.09 | 1780 | 1653 | 2653 | 4625 | 3182 | 2944 | 119 | 965 | 82
S; 832 | 846 | 965 | 1305 [ 1591 | 3109 | 3163 | 2835 | 3130 | 128 | 1006 | 898
Wersug C. 138 | 130 [ 162 | 095 | 240 197 | 05 170 | 198 | 252 | 271 227
G 087 | 08 | 087 | 073 | 0% 17| 068 | 089 | 106 108 | 104 1.09
6,-, 1.23 380 603 | 11.83 | 1657 | 2276 | 4541 | 3389 | 3000 433 290 067
Nampyeong S; 287 | 1014 | 1280 | 1005 | 1561 | 2058 | 3145 | 2123 | 2530 | 463 | 478 | 049
C, 479 | 444 | 369 | 158 | 109 | 25| 083) o044 | 088 184 | 305 | 312
C. 233 | 267 | 212 | 085 | 094 | 130 | 069 | 063 | 084 1.07 165 | 073

Q; : Observed mean monthly discharge(m'/s)

S, : Standard deviation( m’'/s)

C : Coefficient of skewness

C. : Coefficient of variation

(Table 3) Basic statistics of historic streamfiow in Seom Jin river
1 Month !

Watershed g 2 | 3| a | s | 8 |7 g | 9 | w0 | | w
Stati- g :
stics

(_)j 1981 | 2884 | 3523 | 87.38 | 9171 | 12110 | 28743 | 24560 | 16360 | 51.51 3112 | 2443

Song- S; 1256 | 2189 | 3825 | 7500 | 10170 | 150.10 | 20222 | 185.78 | 15200 | 4643 | 2620 | 19.02

Jeong Co« | 099 ( o8t | 22| 12t we| 227! o 13| we| 61| 85| L7

Gy 0.63 0.76 1.09 086 1.1 124 0.70 0.76 093 090 084 0.78

) Q 1857 | 2706 | 3231 | 5448 | 5079 | 7915 | 19088 | 11874 | 9418 | 2948 | 2243 | 1807
- 5 1810 | 1892 | 2865 | 4206 | 4879 | 11250 | 13343 | 8881 | 9746 | 2070 | 1905 ( 1260
oo ol 185 | 029 | 236 | 105 118 219 017 | 084 188 | 095 .77 1.36
c, 097 | 070 [ 089 | om 0% | 142| 07| o075 103| 070 | 085 | 070

Q 73¢ | 820 [ 1018 | 1661 | 148 | 2667 | 4798 | 3557 | 3113 | w052 | 798 | 801

Jog- $; 502 | 494 | 765 | 934 | 1345 ( 2957 | 372 | 2185 | 3701 | 741 | 600 | 630
seong C, 195 | 098 [ 116 | 041 16| 212 072 038| 252 067 | 0% 124
¢, 068 | 060 [ 075 | 05 | 0% | wn| om| 081 3| o7 | o715 | 079

Q, : Observed mean monthly discharge( m' /s)
S; : Standard deviation( ' /s)

C, : Coefficient of skewness

C.: Coefficient of variation
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(Table 4) Statistical parameters for the harmonic synthetic model in the applied watersheds

Month
River Water- Para- -
shed | meters | 2 3 4 5 6 1 8 9 vl N 12
m, | 705 | 2777 | 1731 | 4827 | 3146 | 8283 | 16882 | 11009 | 8362 | 3437 | 1237 | 2829
Naju o, | 539 | 1486 | 2258 | 3358 | 310 | 11343 | 12229 | 7937 | 7266 | 021 | 1330 | 1187
Yeong | Ma- m, | 821 | 167 | 976 | 1913 | 1521 | 2785 | aa%2 | 31| 12| 1329 | 832 | 953
San | reug s | 798| 879 | 931 | 1339 | 1557 | 342 | 3129 | 2869 | 0% | 1321 | 972 [ 9%
Nam- m, | -075 | 588 | 389 | 1384 | 1441 | 2482 | 4320 | 3591 | 2780 | 637 | 088 | 270
PRONE | o | a7 | a7 | 137 | 142 | 1421 | 3097 | 3002 | 2266 | 2401 | 584 | 322 | 204
Song- | m' | 1406 | 3517 | 2959 | 9350 | 86.15 | 127.02 | 28154 | 25164 | 15809 | 5763 | 2602 | 3050
jeong s | 1006 | 2535 | 345 | 77.81 | 9861 | 15301 | 19931 | 18849 | 14876 | 4935 | 2398 | 2226
Seom m | 131 | 380 | 2552 | 6141 | 4377 | 8573 | 18392 | 12567 | 87.18 | 3582 | 1522 | 2449
Jin Aprog s | i | 2331 | 2478 | 4629 | 4477 | 11679 | 12936 | 9294 | 9338 | 2530 | 1811 | 1691
Jeog- m, | 618 | 93 | 902 | 77 | 1370 | 2783 | 4683 | 3673 | 2097 | 167 | 682 | o17
seong st | 21| 78| 540 | nss | 1120 | 3181 | 3497 | 2010 | 3476 | 965 | 375 | 854

(Table 5) Harmonic synthetic equations for the
simulation of January streamflow at the

first year.
Model River Watershed Equations
Naju g*; =7.054+539 - 7"
Yeong San | Mareug =8271+198 - 7
Nam| q', = -075+147-
Sim(HS) pyeong 1 1
Songjeong q', = 1406+10.16 - 7,
Seom Jin | Aprog g = N31+1414- 2
Jeogseong q'; =6.18+278 - Z*
Sim(HS) : Simulated equations derived by harmonic

synthetic model
* : Standard variate of January

2 oz Jeid Zde

5 mojuraAlghE

(Table 59} 2t}

Lt =557 28

Zt g 233 AR BT B4 o, by

(Table 6) Harmonic regression eguations for the

simulation of January streamflow at the

46

first year.
Mode! River | Watershed Equations
Naju = 146— a3z><cos( )
—o.zz><SIN( o)t 04‘
Mareug L= 146~ o.zexcoS(—Z"—)
Yeong San -msxsm( o)ty - 042
Nampyeong| o — 61— a74><oos( ")
—0.37><SIN( )+t1
Sim(HR) :
Songleong | o = 159— O.MXCOS( )
—0.29><SIN('2—)+11
[ Mg g, = 1as-036xCoS(EE)
Seom Jin
-uzzxsm( 57+ - 056
Jeogseong | 4 =103 0.26><COS( o)
—O.IBXSIN( ot ﬂ43
Sim(HR) : Simulated equations derived by harmonic re-
gression model

t, : Standard normal random variate of January
g : q: should be transformed into Q; which is equalized
to 10
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{Fig. 3) Comparison between the mean of obser-
ved and synthetic streamflows at Naju
watershed in Yeong San river
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{Table 7) Relative error for the statistics of
observed and synthetic streamflows at
Nampyeong watershed in Yeong San

river

Basic - -

sisies | @ | S | &

M [obs&sim| ¢V | RE | €V | RE | v | RE
obs 1.23 2.87 2.23

1 |sim(HS) | 1.40| 138]| 1.21]57.84( 0.86( 63.09
sim(HR) | 1.40] 138 2.39]| 16.72| 1.72| 22.87
obs 3.80 10.14 267

2 lsim(Hs) | 998 [16263| 879 13.31 0.88( 67.04
|sim(HR) | 254|33.16]| 3.04| 7002 1.95| 26.97
obs 6.03 12.80 2.12

3 |sim(HS) | 9.18|5224 | 6.61 4836 0.72| 66.04
sim(HR) | 2.42|33.16 | 2.13| 83.36| 0.88 | 58.49
obs 11.83 10.05 0.85

& |sim(HS) | 13.32] 1260| 7.04{ 29.95( 0.53 | 37.65
sim(HR) | 9.38| 20.71| 15.44 [ 53.63 | 1.65| 94.12
obs 16.57 1561 0.94

& |sim(HS) { 1527| 7.85( 13.13| 1589 0.86| 8.51
sim(HR) | 21.18 | 28.42| 25.27| 61.88| 1.19] 26.60
obs 22.76 29.58 1.30

6 |sim(HS) | 33.49| 47.14| 26.18 | 11.49| 0.78 | 40.00
|sim(HR) | 33.86| 70.74 | 34.29 | 15.92| 0.88] 32.31
obs 4541 31.45 069

7 |sim(HS) | 35.46| 21.91| 26.87| 1456 | 0.76 | 10.14
|sim(HR) | 30.29 | 33.30| 39.33| 25.06 | 1.29| 86.9%
obs 3389 1.3 063

8 |sim(HS) | 31.81| 6.00| 2227 490 070 1.1
|sim(HR) | 31.72 | 6.40 | 52.99 |149.60 | 1.67 (165.08
obs 30.00 25.30 0.84

9 {sim(HS) | 28.20| 6.00| 19.23| 23.99| 068} 19.05
sim(HR) | 21.29 | 29.63| 39.02 | 54.23| 1.83(117.86
obs 433 463 107

10 |sim(HS) | 597| 37.88| 445| 389| 0.75] 29.91
sim(HR) | 8.98(107.39| 10.01[116.20| 1.12| 4.67
obs 2.90 4.78 1.65

11 |sim{(HS) | 282| 276| 255| 46.65| 0.90] 45.45
sim(HR) | 2.12| 26.90| 2.77| 42.05| 1.31]| 20.61
obs | 067 0.49 073

12 |sim(HS) | 272[311.94| 196| 9592 0.71| 2.74
sim(HR) | 1.24| 8507| 1.27[159.18| 1.03| 41.10
M : Month

Obs & Sim : Observed & simulated flows.

obs : Observed flows

sim(HS) : Simulated by Harmonic synthetic model
sim(HR) : Simulated by Harmonic regression model
CV : Calculated value

RE : Relative error
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{Table 8) Relative error for the statistics of
observed and synthetic streamflows at
Jeogseong watershed in Seom Jin river

Basic -

Statistics 9 Si C.

M Obs&Sim| CvV | RE | CV RE €V | RE

obs 1.3 5.02 068
1 {sim(HS) | 6.44| 1226 2.7 | 46.22| 0.2 38.24
sim(HR) | 520 28.16| 4.22| 15941 081} 19.12

obs 8.20 494 0.60
2 lsim(HS) | 9.86| 20.24| 6.09| 23.28| 062| 3.33
sim(HR) | 12.79 | 55.98 | 12.08 (14453 | 0.95| 58.33

obs 10.18 1.65 0.75
3 jsim(HS) | 8.41) 1733 4.89) 36.08) 0.58) 2267
sim(HR) | 9.09]| 10.71| 6.70| 1242 074} 1.33

obs 16.61 9.1 0.56
4 |sim(HS) | 1602 355] 7.68]17.77| 048] 14.29
sim(HR) | 13.47| 1890 | 22.49 (140.79 | 1.67 [198.21

obs 14.86 13.45 0.90
5 |sim(HS) | 12.11| 1851 | 10.01} 25.58 | 0.83] 7.78
sim(HR) | 21.85| 47.04 | 18.24 | 3561 | 0.84( 6.67

obs 26.67 29.57 1
6 |sim(HS) | 30.55) 14.55| 23.98] 18.90) 0.78 ] 29.73
sim(HR) | 27.87| 450 21.07| 28.75( 0.76 | 31.53

obs 47.98 31.22 0.78
7 |sim(HS) | 37.78 | 21.26 | 18.56 } 50.13| 0.49 | 37.18
sim(HR) | 1554 | 6761 7.80( 78.04( 050( 35.90

obs 3557 21.85 061
8 |sim(Hs) | 2074| 16.39 | 2251 3.02| 0.76] 2459
sim(HR) | 3166 | 10.99| 38.86 | 77.85| 1.23|101.64

obs 3113 37.01 1.19
9 |sim{HS) | 27.89 10.41} 17.31] 53.23} 062} 479
sim(HR) | 23.06 | 25.92 | 25.08 [ 32.23 1.09| 8.40

obs 10.52 141 0.70
10 |sim(HS) | 1247 ] 1854 | 6.25] 15.65| 0.50| 28.57
sim(HR) | 24.33 [131.27] 21.32 [181.72 | 0.88 | 25.71

obs 7.98 6.00 0.75
i1 |sim(HS) | 535 3296 1.63| 72.83| 0.30] 60.00
sim(HR) | 9.76| 22.31( 9.43| 57.17| 0.97] 29.33

obs 8.01 6.30 0.79
12 {sim(HS) | 8.98( 1211 560 11.11| 062 21.52

sim(HR) | 1006 | 2559 7.40| 17.46| 0.74| 6.33

M : Month

Obs & Sim : Observed & simulated flows.

obs : Observed flows

sim(HS) : Simulated by Harmonic synthetic modei
sim(HR) : Simulated by Harmonic regression model
CV : Calculated value

RE : Relative error
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¢Fig. 4) Comparison between the mean of obser-
ved and synthetic streamflows at Mareug
watershed in Yeong San river
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