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Estimation of the Spatial Distribution of Groundwater Recharge by
Grid-based Soil Water Balance Method
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ABSTRACT

This paper outlines the methodology of grid-based water balance for estimating the spatial distribution of recharge, which
is applied to Woedo catchment in the northern area of the Jeju Island. The catchment is divided into grids and a daily
water balance in each grid is computed for the period of 5 years. Daily rainfall data in each grid is interpolated from the
data of 10 rainfall gauging stations. The spatial distributions of parameters such as SCS curve number, soil water retention
capacity and crop coefficients are derived from GIS analyses of soil and land use characteristics. The SCS curve number is
obtained by calibrating simulated runoffs with respect to the observed runoffs. The results show that the average annual
rainfall increases from 1,665 mm/year to 3,382 mm/year in accordance with the topographic elevation, and the average
annual recharge varies from 372 mm/year to 2,576 mm/year according to the average annual rainfall increases. Spatial
variability of recharge is the highest among the water balance components such as rainfall, direct runoff, evaprotranspiration
and recharge because the rate of runoff and evapotranspiration in the area with relatively low rainfall is higher than the
other area.
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Fig. 1. Procedure computing ground water recharge.
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Table 1. SCS curve number (condition II) used for this study

; Hydrological soil group.
Land use of Area (%) SCS Cover type Treatmént or Hydr019g1cal
catchment practice condition A B C D
. Poor 63 73 80 83
Dry field 479Km’ (6.4) Rotation Contoured &
terraced Good 51 67 76 80
- Poor
Orchard 528Km? (7.0) ) oods-grass 37 73 82 86
combination Good 32 58 72 79
Pasture
Green field 20.75Km? (27.6) Good 39 61 74 80
Meadow - 30 58 71 78
Woods Good 30 55 70 77
Forest 42.89Km? (57.1) Good 26 52 62 69
Forest
Best 5 44 54 61
Residential 0.40Km? (0.5) Farm steads 59 74 2 86
district
Road 033Km? (0.4) L aved streets and 83 89 92 93
roads
Institution land  0.31Km? (0.4) Residential Districts TPerious area 77 86 91 94
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Table 2. SCS curve number (condition II) for the study catchment

Criteria of the

Hydrological condition

Average of CN

Case hydrological soil groups Dry field Orchard Green field  Forest — Catch ment Agri. zone Gre. zone Fore. zone
Case 1 Jung et al. (1995) Poor Poor Pasture Good 57.1 78.2 704 40.1
Case 2 Good Good Meadow Good 54.7 72.0 67.7 39.5
Case 3 Poor Poor Meadow Best 51.2 77.8 66.9 30.6
Case 4 Good Good Meadow Best 50.0 72.0 66.6 30.6
Case 5 Criteria modified Poor Poor Pasture Good 46.8 70.9 58.0 299
Case 6 Good Good Meadow Good 43.8 62.5 54.9 29.2
Case 7 Poor Poor Meadow Best 40.2 704 54.1 19.2
Case 8 Good Good Meadow Best 38.5 62.5 53.8 19.2

where Agri. zone = Agricultural zone of Fig.

Table 3. Crop coefficient used for this study

3(c), Gre. zone = Green zone of Fig. 3(c), Fore. zone = Forest zone of Fig. 3(c)

Oct.

Land use Jan. Feb. Mar. Apr. May Jun Jul.  Aug.  Sep. Now. Dec.
Dry field 100 100 0355 080 077 061 075 077 064 055 095 1.00
Orchard 065 065 067 08 08 08 080 080 077 065 065 0.65
Green E.L.<400 m 060 060 072 098 105 1.05 1.05 105 1.03 087 060 0.60
field EL.2400 m 030 030 052 098 1.05 1.05 1.05 105 103 077 030 0.30
Forest E.L. <400 m 0.60 0.60 0.63 0.97 1.20 1.20 1.20 120 112 0.83 0.60 0.60

EL.2400 m 030 030 037 073 120 120 120 120 112 073 030 0.30
Others 020 020 020 020 020 020 020 020 020 020 020 0.20
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Table 4. Comparisons between observed runoff and calculated runoff using CN of Case 8

Period Rainfall (mm) Observed runoff (mm) Calculated runoff of case 8 (mm)  Relative error (%)
‘02/8/6~7 319 624" 63.4 -1.5
02/8/30~31 617.6 226.4" 265.8 -174
“03/7/17~18 109.5 39.0” 11.7 70.0

1) from KOWCO (2003) 2) from Moon (2004)

Table 5. Results calculated by grid- based and lumped water balance method for the period 1999~2003

(unit : mm/year)

Method Rainfall Direct Runoff (%)  Evapotran-spiration (%) Recharge (%) Change in storage
Grid Based (A) 2,722 352 (12.9%) 776 (28.4%) 1,582 (57.8%) 12
Lumped (B) 2,722 340 (12.4%) 770 (28.1%) 1,604 (58.6%) 8
Difference (A-B) - 12 6 =22 —4

Note (%) : % of Average Annual Rainfall

Table 6. Water balance calculated from this study and Previous study (KOWCO, 2003)

(unit : mm/year)

Basin Calculation . Direct Evapotran- Recharge
Study Method (Area) Period Rainfall Runoff (%) spiration (%) (%)
This study (A)  Grid Based Wedo (75.2km?)  1999~2003 2,722 352 (12.9%) 776 (28.4%) 1,582 (57.8%)
KOWCO (B) Lumped Seojeju (89.5km?)  1993~2002 2,153 583.1 (27.1%) 728.9 (33.9%) 841 (39.0%)
Difference (A-B) 569 -231 47 741

ko]l 319 mmé&t 617 mmel 2 AR tisixE
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Table 7. Average annual water balance for the period 1999~2003
(unit : mm/year)

Water balance of catchment _ Average of Zone
component Aver. Min. Max. Range Agri. zone Gre. zone Fore. zone
Rainfall 2,722 1,665 3,382 1,717 1,950 2,584 3,125
Direct Runoff (%) 352 (12.9) 54 973 919 506 (26.0) 578 (22.4) 149 (4.8)
Evapotranspiration (%) 776 (28.4) 503 867 364 726 (37.2) 777 (30.1) 795 (25.4)
Recharge (%) 1,582 (57.8) 372 (22) 2,536 (76) 2,165 (54) 711 (36.5) 1217 (47.1) 2,166 (69.3)

Note (%) : % of Mean Annual Rainfall
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Fig. 6. Spatial distribution of average annual rainfall, direct runoff, evapotranspiration and recharge for the period 1999~2003.
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Fig. 7. Change of average annual amounts and rate of water balance in accordance with elevation.
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