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Abstract: In this study we quantified the long-term change in discharge against precipitation in a forested watershed
and investigated how the growth of forest trees influences these changes. We found a proportional relationship
between precipitation and discharge for each year, and discharge decreased gradually with time. Precipitation and
discharge were highest in July and August, and the changes in precipitation, discharge, and runoff rate did not always
coincide, given that high runoff rate was shown in August and September. The monthly coefficient of variation (CV)
for discharge was larger than that for precipitation, and the deviation between precipitation and discharge increased
gradually. From 2011 to 2017, the gradient of the trend line for the change of total discharge and direct runoff against
precipitation decreased, whereas the gradient of the base flow increased in this same time period. A possible
explanation is that the water holding capacity of soil deposits increased as the forest soil of the Palgong Mountain
watershed developed and the increase of base flow rose with groundwater level together with that of outflow quantity.
The coefficient of flood recession was lower in the period 2011 to 2017 than in 2003 to 2010; thus, the reduction
of discharge was mitigated and remained steady as time progressed. We conclude from these results that the discharge
of surface runoff decreased as tree growth and base flow increased; however, the water yield function of the forest
increased gradually.
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Figure 1. Location of the study area.

2. P. densiflora (P2)
4. Q. mongolica (Q4)

note: 1. Q. mongolica (QI)
3. R. Pseudoacacia. L (A3)
5. P.densiflora (P5)

6. Q. serrata Thunb. ex Murray (Q6)

Table 1. Morphological characteristics between tree sample in the study area.
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NO. H (m) DBH (cm) L.C. A (m) S.G. (°) S.D T.G (m")
01 19.1 16 63 475.7 35 N 0.00039
P2 14.6 28 43 604.5 32 NE 0.07116
A3 6.9 12 46 599.8 28 NE 0.00989
04 224 24 37 527.8 35 NW 0.13647
PS5 12.5 20 43 514.9 25 S 0.00355
06 15.1 16 61 6354 32 0.02383
note: H  Tree height A Altitude

D.B.H. Diameter ar breast height
L.C. Length of tree chronology
T.G. Total tree growth
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Figure 2. Annual variation precipitation, runoff rate and tree
growth in small forested watershed.
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Table 2. Comparison of correlation analysis between hydrological factor and tree growth in small forested watershed.

Factor [0)] p2 A3

04 Ps 06 Ave.

Rainfall -476 407
-.549% -.645%*
-.303 - 712%*

Discharge

Runoff rate

-321
-.226
-.106

-.130 -.203 373 134
.061 199 -.550* -591%
.146 824 -.624** -.629*

**: p < 0.01 (paired)
* p < 0.05 (paired)
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Figure 3. Average monthly precipitation(a) and discharge(b),
runoff rate(c) from 2003 to 2017 for small forested watershed.
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