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Considerations on the Specific Yield Estimation Using the Relationship

between Rainfall and Groundwater Level Variations
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In case of groundwater recharge estimation using water table fluctuation method, specific yield affects the accuracy
and confidence level of recharge rate. Nevertheless, there have been few studies on the method for the accurate
estimation of specific yield in Korea. Specific yield estimated from the relationship between rainfall and groundwater
levels is reasonable compared to the other methods. However, lots of factors such as artificial pumping, evapotranspi-
ration by the plants, and a sudden increase in water levels by a heavy rainfall can affect the pattern of groundwater
levels' fluctuation and make an over-estimated or under-estimated specific yield. This study obtained a reasonable
specific yield by using a daily or 12 hourly average of rainfall and groundwater levels measured in a dry season.
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Fig. 1. Observation points of precipitation, groundwater
level and soil moisture content in study area.
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Fig. 2. Rainfall and groundwater level variations at the

study site.
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Table 1. Cross correlations between rainfall and groundwater level variations.

Case Data Lag time Coefficient of cross correlation Cross correlation function
1 hour data 0 (<lhr) 0.333 s °
5 e =1 n]_h_l [l |
6 hour data 0 (<6hr) 0.352 & i
Whole season fotme
12 hour data 0 (<12hr) 0.446 &
f - — = —
T e
1 i
5 l_||-||—u—|| | | ||_||_|rl
24 hour data 0 (<lday) 0.558

Lag Numbar
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Table 1. Continued.

Case Data Lag time Coefficient of cross correlation Cross correlation function

1 hour data 2 (<3hr)
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T T T T T T T T T T T 17T
TE-5-d-3-Z=1 0 123 4567

Lag Numbar
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—_flllan
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LI A A N B B B B
TE-E-4-3-2-10 123 4667

Lag Numbar
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1.000
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0.347

Lag Number

N

18191 “dsde wEshl el 3719] 28] 3l mAl#
oz A Askre] Bk EA #50] Ho] Lisse
gt Yeptey o] avks 98 Albset A"
(Weeks, 2002). wepA], ]9} 222 ga7h AAE Al
olfe] A &8ah= Zlo] Wk e Aske 7k
olgsh= Ao Hn mep AUAA &S 717ke] A8t
9 B2 ASE B ol 93t vatkes F3A A
ke A& v e ek
mepy, Tt 7R 2218 WEsis 717k sldeis
ZH719] 12-24 A7 ©919] AmE ARk Zlo] &
Q1 Aoz 4 =Esich
- SEtoLt AAie] Aol o3t & Awwo] Ao
= A7 Am B8
- A 9] JPe] AL W ARE T8
9 ]

2 Slaled 47K (A1, 6412, 1221 2 24412k 74
AR Tiste] 7k 735 A ke wAE A5
e Asle] JREE AEsaTt (Fig 3). E5
Poll= hge] At S A 5 QI91A9] G S
Sfsje] 497t A3S] Gl B AgekaL 1] of
emE A 7t 257] JRH108TE 480 T

wajo] bl B4 8 0SS FYsle] vasiy
ok, 9, 5] A AL AS e AN 0%

5o o3kl 957} b 4 gloBR 20 wae
A8Z olgslo] 3 F AsEe) Wabk Ael gAL
AR e A4e wolE olake AZs

opgel HPe AN F 2 2% o= Ftel A3
9 AFHeE P BIF0FIS VR =4S A
YUAZRE NSRS TSI Z, B W T
A9l e Wl W FHS A AosA e
29l AHgoltt Uit o] Hash Hrkd ol 2 v
NEEL olnE 5 Atk Fig 304 B vleh o,
VI AALE WHE 1] SRS W
$)0l FAT AR o] Bshe A5 AAE

[‘



66 At - 2 - AAE
01 01 0.1
(Lag 0) (Lag2) (Lag1)
¥ =0.145 x +0.001 y=0.192x - 0.002 y =0.157 x +0.001
=052 A =0.588 R =0.537
. . - 3 . - . * .
b r - . .
0] . ., . . .
o wetis * : o £t o et :
0 0.1 02 03 04 0 0.1 02 03 0.4 0 0.1 02 03 0.4
(1) Scatter plots for whole period data using 1 hourly averaged data
01 01 0.1
) (Lag ) (Lzg 1) (Lo 2)
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0 0 0
0 0.1 02 03 04 0 01 0.2 03 0.4 0 0.1 02 03 0.4
(2) Scatter plots for dry season data (Oct.”Apr.) using 1 hourly averaged data
0.2 0.2 02
(Lag 0} (Lag 1) (g2
y=0.274 x - 0.003 . y =0.344 x - 0,002 . B
R =0.764 R’ =0.908
0.1 01 ol ¥ =0.730x +0.002
. . R =096
o et e 0 IR o- *
0 0.1 02 03 04 05 0 0.1 03 04 05 0 0.1 02 03 04 05
scatter plots for whole pert ata using 12 hourly averaged date
(3) Scatter plots f hol od data 12 hourl ed data
0.1 01 01
(Leg O) lLag 1) Lag 2)
y=0.142 x +0.002 y=0.213 x + 0.003
A =093 A =0.987
. . y=3312x-0.002
A’ =1.000
. . L .
o=t 0 0
0 0.1 02 03 04 05 0 0.1 0.2 03 0 0.1

(4) Scatter plots for dry season data (Oct.”Apr.) using 12 hourly averaged data

Fig. 3. Examples of Scatter plots of rainfall and groundwater levels for each time interval (x axis: groundwater levels, y

axis: rainfall) with linear regression models.

o= Lisse &} 72> B 2H8- 9! Bubbling &35
AATo =M o] HAEES Bt FgsiA AFdah
St} o 7F 9ol tisle] HiAlEES 8% A
Table 2 ¥ Fig. 49} 2t}

AA 717 ARE dPFeRE B Afols ASAI
Aol AZFEQleIM A TR FTIeIHA vakEgol
0.15914 039= FFsh=tl ol T97lde 1974
©91e] 2k A 7Rt EAs gl 2l gt Aslrd]
71 olde] A& ol o

rE o2
oft
ok
&
K
1o
o
=
r>~
4
On‘,
%
1o
)
i
B
N,

25719] 739 749t Aelrele] wAPdREst 7P =
2 Al HAkEES e A3 Mz AEE ARl
OAIZE, 12417 2 1Y AETF 212 017, 0.14 2 0.172A]
AR 22 UERfe] & Aot gl 0= el

EQ A2Q| H[MEE FH

ATAE Obs-32172] 20 cm, 40 cm A=A A=
EW AEE 48717 Z3A & FEhe Audds
AAEt] BIAEES SIS okl Ao, S= H
MNEE, Vi S o8l viEEs B2 A (emd), Ve
B A2 AF(em’yS 23T 2 A3} Table 32} 7o)
20 cm, 40 cm AEolA 9] HAREE-E 023 WA 0259



7 ] Akl HeEe ol8d Hiilss Y 7

¥

o] AgA z 67

10 O =1

Table 2. Estimation of specific yield for a whole season and a dry season using a correlation between rainfall and
groundwater level change for each time interval.

Case Data used Lag time (unit) R? Linear equation Sy
0 hr 0.525 y = 0.1454x + 0.0007 0.15*
ol 1 hr 0.537 y =0.1566x +0.0011 0.16
whole season 2 hr 0.588 y=0.1923x - 0.0015 0.19
3 hr 0.673 y =0.2389x — 0.0016 0.24
Hourly data
0 hr 0.909 y =0.0916x + 0.0029 0.09
d N 1 hr 0.925 y =0.0978x + 0.0030 0.10
' 8easo 2 hr 0.954 y =0.1074x + 0.0034 0.11%
3 hr 0.900 y =0.1314x + 0.0028 0.13
0 hr 0.831 y=0.2213x - 0.0017 0.22*
ol N 6 hr 0.912 y =0.2896x — 0.0032 0.29
Who'e seaso 12 hr 0.903 y = 0.4160x + 0.0023 042
18 hr 0.214 y =0.3279x +0.0016 0.33
6 hour data
0 hr 0.803 y =0.1253x +0.0037 0.13
q N 6 hr 0.867 y =0.1689x + 0.0041 0.17*
' 8easo 12 hr 0.730 y=0.1512x + 0.0083 0.15
18 hr - - -
0 hr 0.764 y =0.2742x — 0.0035 0.27*
ol N 12 hr 0.908 y =0.3442x — 0.0018 0.34
Who'e seaso 24 hr 0.937 y = 0.7303x + 0.0023 0.73
36 hr - - -
12 hour data
0 hr 0.936 y =0.1420x + 0.0023 0.14*
d N 12 hr 0.987 y =0.2134x + 0.0029 0.21
ry seaso 24 hr _ B _
36 hr - - -
0 day 0.635 y =0.3887x — 0.0022 0.39*
hole season 1 day 0.026 y =0.2166x +0.0258 0.22
W 2 day 1 y=0.1691x + 0.0018 0.17
3 day 0.046 y =0.0213x + 0.0276 0.02
Daily data
0 day 0.882 y =0.1673x + 0.0045 0.17*
1 day 0.029 y =0.0475x + 0.0120 0.05
dry season
2 day - - -
3 day - - R
0.5 O Whole seascn # Dry season Ta.ble 3. Estimated of specific yield using the undisturbed
0] L S e S soil test.
‘d . .
fg\ Y —— Research point depth (cm) Porosity (n) S,
& g 20 0.46 0.25
N e Obs-3
& o . = 40 0.43 0.23
0.1 [ e
v,
1hr 6 hr 12hr 24 hr Sy_:_l;d an

Fig. 4. Comparison of specific yields for each time interval.
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0.44-0.027 [ \33

0.053-0.027 =( hy )* a5
0.44-0.027 [ \152.93
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Table 4. Soil composition for each soil sample. (unit: %)

Field  Wilting
capacity  point

20ecm 2.7 17.8 432 363 046 0.185  0.053

Depth Clay Silty Sand Gravel Porosity

40cm 4.0 20.0 398 362 043 0.195  0.060

- AT

0.3

Specific yield

0 50 100 150 200 250 300
Depth to water level (cm)

Fig. 5. Estimation of specific yield according to the depth
of groundwater level.

Table 5. Comparison of specific yield estimations.

Specific

Methods yield

Remarks

Effective

Rainfall and groundwater level 0.14~0.17 . .
specific yield

Soil sample(Lab test) 0.23 -
Duke's method 0.195 Efjfectlv.e
specific yield
. Effective
Rawls and Brakensiek's method 0.13~0.18 . .
specific yield
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