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Landscape change caused by forest dist.urbance \\'ould be expected to influence on the 
acceleration of soil erosion of hillslopcs. fI'1ost of the soil eroded from a hillslope now through 
the stream charmcl and (JuL of the caldmlcnt as fmc panicle sediment such as suspended load 
(Chikita, 1DGG). III t.his stlld~y, temporal challges ill t.he volume of fine particles yielded from 
small catchments were monitored at five catchments varying from 2.2ha to 4.2ha in area, 10.1· 
to 17.20 in slope, and 5 years to 70 years (almost secondary forest) in elapsed time after clear 
cutting. The volume of sediment transported by stream flmv, which was trapped in a couple of 
sampler boxes set up at the mouth of each catchment, '..vas measured every rnonth for five 
months. The result. shows that the amount of the fine particle sediment of t\VO catchments 
elapsed 1.5 to 18years after clear cutting \-vas larger tllan that of the other catchments elapsed:l 
to Gyears after dear cutting. Furt.hermore. the volumetric peak of fine particle sediment 
yielded first appeared during 10 and 15 years after clear cutt.ing. From the result.s, the influence 
of the clear cutting on the volume of small particle sediment yielded from a cat.chment tend to 
aPJJe8f after a time elapse of 10 to 15 years follov.ing dear cutting. 

INTRODUCTION 

From the worldwide viewpoint of soil and ,"vater conservation, it has been important 
to make guidelines for land use change such as clear cutting. The volume of fine particle 
sediment eroded from hills lope is assumed to be different according to the magnitude of 
ground surface exposure and geomorphic characteristics (Johnson, 1993). Basically, 
suspended sediment yield in wide range is controlled by rainfall and geology (Hicks et al., 
l!}9G). Then, \;Vischmeier et at. (1978) developed the Universal Soil Loss Equation 
(USLE) considering rainfall erosivity, soil erodibility, length-slope-steepness factor, 
management factor and soil conservation practice factor. Rainfall erosivity and soil 
erodibility are assumed to be constant "ithin a narrmv range in the same geological area. 
On the o1.her hand, management factor and soil conservation practice factors are 
determined to assess the agricultural effects (\Vishmeier et al., 1971; Cummins et al., 
1972; Costa, 1975), however, forestr~y practices of effects has not been practically 
included here (Ferguson and Stott, 1987). Because forest influence on surface erosion of 
hillslape is expected to be different according to forest features such as age structure, 
species, tree density and type af artificial Inatural (Francis et at., 1989), geomorphology 

* r~orest Research Institute of Kyushu University, 949 Okawachi, Shiiba-son, Higashiusuki-guII, 
Miyazaki, 88.3-0402, Japan 

* Laboratol}' of Watershed Environmental Science and Technology, Faculty of Agriculture. 

473 



474 11. Kim et at. 

such as slope and catchrnPHt area must be unified as the experimenw l conditions . . tulloIlg 

them, forest gro\tvth measured as age stn u,;ture a fte r d ea r cuttj rlg followed by young trees 
plant.ed could be re la t.ed to the temporal changes in vol ume of fine particle sediment 
eroded frum hillslopes. 1n t.h is paper. temporal changes in the vohnnc of fine particles 
yielpd from small cathmcnts \vere monit.ored a t. five eatchments varying from 2.2 ha to 
4.2ha in the area, 10. 1" to 17.2 " in the slope , and 5 years to 70years (almost secon dary 
forest) iIi the elapsed time after clear cutting. This paper analyzes the relatioHship 
betw (~ cn the volume of fine particle sedirncnt nnrl th ~ cRtchment slope gradient as a 
geomorpl1 ic fa ctor of cat.chmenT, and forest age structure in the entire catchment 
respectively. 

STUDY SITE 

Five sub-catchments locat.ed in the Oyahu Creek, [;ributary of the Hi totsuse river, 
Kyushu Isla nd (Experimental research fores t. of Kyus llu ··univ. in Shiiba, Miyazaki 
Prefeclure) wen~ chosen for measw'ement of t.heir TIlOllllLly futc partiele sampJjng ( F'ig. 
I). The avpraged annllal rainfall of this creek i" 3GOUmm. Channel bed COTl" i" ts o f 
fract.ured saIldst.one and mudstone underlain by Ule Nobcoka-Shibisan tedonk line. 

The charaetcris tics of each catehment arc br iefly described in Tahle 1. E ach 
catdunent has different characteristics in vegetational and morphological aspects. They 
also have various elapsed year ailer clear ClI t.t. ing . 

.lilETHOD 

The daily rainfall is dosel:,>, correlat.ed \\·ith direct runo!I That is, finc particle yield 
affected by direct runoff is expected to change according to the arnount of rainfall. The 
wllOle period of th e invf'stig:ltion in l.hp fipld v·:as divided into six "sub period", ckpcnding 

The Oyabu Creek ~~.IChmenl B 

CatchmenlA ;; 

Kyushu Island 
Catchment C 

Catchment E 
o 500m 

Shiiba,Miyaz<lki Prefecture 

Fig. 1. LocatiOH or thi' Oyahu Cree k 



Averaged 
catchment 
slope C ) 
Catchment 
area eha) 
Cutting year 
Forest 

Condition of 
forestland 

Small Partide SurliTnent .:-Vtcr CLear Cutting 475 

Table 1. Characteristics of each catchment 

Catchment I"l __ C"a",t"c"h"m"ccoi1"t",E,-

11.:J 17.2 10.1 143.2 14.9 

2.89 2.2 4.2 2.76 2.98 

1996 19203 199:3 1985 1982 
Hinoki Natural Hinoki ,Japanese .Japanese 

Cypress Forest Cypress Sugi Sugi 
Sawleaf (SecOtHlary Hinoki IIinoki 
zelcova Forest) Cypress Cypress 

Covered "1,\ith Covered with AJ.rnost Covered \-vilh Covered 'With 
herbaceous a lit.tle of Covered with moss and herbaceous 
plants and litters herbaceous litter plant.s 

litter plant.s 

on dates for collecting t.he data. Then, duration rainfall was calculated as the sum of daily 
rainfall at each sub period. Daily rainfall was measured by a tipping-bucket rain gauge 
located close to the upper st.ream of the Oyabu Creek (Fig. 2). 

In many previolls studies, fine partides yielded has been proven to inr.rease in 
proportion w·ith Viiater discharge (Wailing, 1977; Charles et al, 1996). In t.his st.udy, wat.er 
discharge is used to estimate the fine particles :yielded in each catchment (Ferguson, 
1986). An automatic water-level gauge was set at the catchment F (excluded from study 
area) to obtain water discharge data here. The H-Q relationship was obt.ained from 
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Fig. 2. D1Irat.ion rainfall in the Oyabll Creek 



476 H. Kim et a1. 

\vater-Ievel dar,a and discharge measured directly at the field. The relationship bet.\vecn 
discharge and water-level aL the catchment. F is given by 

Q~(6.1772H-l.OS67) , 

At the same time, since the catchment area is relatively small enuugh, \'vater discharge 
from the catchment is assumed to have a linear relationship \vith its area \Vith the 
assumption of linear relationship, water discharge of the other catchments \vhich do not 
have a water-level gauge can also be estimated by specific discharge of the catchment F. 

vihere q is specific discharge of the catchment F in ml/sec, 
A, is area of catchment n in ha, 
and Q" is discharge of catchment n in mi/sec. 

(1) 

Then, sediment from each study catchment. could be calculated vvith t.he discharge from 
equation (1). 

Fine particles transported to catchment outlet \vere collected by a couple of boxes set 
up at. the mouth of each catchment (Fig. 3). This method was used OIl the experimental 
field study by Oostwoud el al in 1995. 

Pipe arca 
Sam ler boxes 

Fig. 3. Setting of Sampler boxes 
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Table 2. EstimaLed LOlH I finl'! partlcle sediment yield 
Unit : g/ha 

--:--,------ ---o--c 
Ca td unenl 

A 
Catchment 

U 
Calchment Catchment Catchment 

Sub Period 

(Fe d 24-Mar 3) 
U (}1ar 3-Mar 22) 
UI (Mar 23- Apr 2 J) 
IV (Apr 22- May 28) 
V Uvlay 2~J-,Jllne 20) 
\01 (June 30-,Tllly 20) 

o 
6.9 
o 

17.2 
30.9 

1.9 

300.3 
2220.5 

43.6 

C 

4.7 
16.1 
19.7 

1:125 

7!:i8Ji 

23.9 

0 

7.8 
41) 

46.£-; 
11~.J 
205G,3 

16 

E 

2.3 
57.5 

14 1. 7 
773.8 

1464 .2 

28.3 

Stream waler eontaining fine particles continually flowed into the boxes through the 
plasLic drain installed against t.he flow direction. To allow line particles to settle through 
sub periods, two boxes were connect.ed 'vvi th a short pipe (I Dem in length). The net at 
rl Ic cxit of both boxes prevented sediment more than 2 mm in diameter from flov.ing oul 
of the box. Fine particles collected \"'e re dried in the oven at 110"C and analyzed 
gravimetrically. After that, by using the ratio of the discharge flow in through pipe and 
total discharge ill the catchment , total fiIl e IJarticle y ield in each catchment was 
calcula ted (Table 2), That is, the total volume of fine particle ill cach catchment through 
each sub period is given as fo llows. 

Vt = Qt . Qp ' , Vs, 

where Yt is Lota.l fin e partic\p yip-lrl in g/ha, 
Qt is t otal discharge in m~\ 

Qp is the discharge through the pipe in rnJ , 

and Ys is the fine particle yielded in the sampler boxes in glha 

(2) 

The particle size analysis ,"vas also carried out. with spdiment trapped in lhe hox to 
diagnose the effect of particle size on fine particle sedimeut yield. The particle sizes of 
fine particle up 1.0 75 J.tm (coarse and fin e sand) in diameter were separated using a 
standard sieving method, and those less than 75p:m (silt and clay) were separated by the 
metllOd hased on Stoke's law. (Vaithiyanathan et al. 1992; Nakano 1995; Nicholas 1996) . 

RES ULT 

Particle size analysis in fine particle sediment from each catchment 
The particle-size dis tr ibut.ion o( t he fine particles shows that t he less t.han 75]tm 

ciiamet.er fraction accounts for nearly 50% of all the fin e part.ic:lp,s hy t.he river in any 
catchment. Part, ide size was distinguished as shown in Fig. 4. The particle size from 
l:atchment C \-vas the finest among the fiv(~ ca.tcfunents. More than 80% of fine particles 
consisted of sil t. and clay. 

Relations between discharge and fine particle sediment yield 
Since I.he relationship bet.ween t.otal discharge and rainfall through each sub period 
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Fig. 4. Cumulative frequency distrihutioll of fine particle at. each cat.chment. 
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Fig. 5. Relation bctw(,(,11 rainfall and fine particle yield 
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Fig. 6. Relat.ion bet:ween illcreasing rate 01 fine particle yield ami r.:atdnTlent slupe. 

(Fig. 5) was resulted in a linearly increasing curve, sedim~nt of fine particle size from 
0ach cat.chnwnt is rppresented as the fllnct.ion of rainfall. 
In this graph, 

Yt=aRP+b, 

\vhere Yt is total fine particle yield in glha, 
Rf is cumulative rainfall, 
and a and h an~ coefficients. 

(3) 

Figure 5 shmvs that Lhe increasing rate of fine particles yielded against. cumulative 
rainfall is different among all catchments. Catchment slope is Olle of geomorphologic 
factors to affect. the amount oJ sediment yielded at fine part.icle size. The average 
catdunent slope is described by coefficient "a" of thc cmpirical equation (YL:::o.aRF+ b), 
establishing a linear relationship here (Fig. 6). 

Relations between passage years of clear cutting and fine particle yield 
Figure 7 shows t.hat after clear cutting, amount of fine particle increases until 

15years, then, it. decreases from 15 to 18 years. In subsequent years, it is shmvn that the 
amount. of fille part.kle TPmains constant n~gardless of t.ime (ypar) elapsed though is no 
catchment to be studied from 15 to 70years (secondary forest) in figure 7. From that 
phenomenon, thc time lag from forest disturbance and it.s effect. on t.urbidity at the 
cat.chment mouth is SllAAcstcd to be about 15 years in the study site. 
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Fig. 7. Volumetric change in fine particle :yield 

Catchment C has relatively gentle slope but most of the surface was covered V\ith 
grass, pampas grass and moss except the planted area. On the contrary, particles in 
catchment E is coarser than in catchment C. Therefore, it can be concluded that more 
the surface covered wit.h grasses, the less coarse tl1e sand exists in catchments and 
vice-versa. 

CONCLUSION 

The relationship between clear cutting and forest growth could be demonstrated from 
this field measurement. First of all, as the averaged catchment slope is steeper, the 
amount of fine particle is higher. Secondly, there is I5-year time lag between forest 
disturbance and the increase in fine particle yield caused. That reason is considered 
because the hillslope surface just after clear cutting is still covered with grass and tViigs 
from the tree removed. However, there is not sufficient data to propose the evidence 
although similar tendencies have been seen in England (Ferguson and Stott, 1987; Kirby 
et oL, 1991). Quantitative explanation also could not be induded in the demonstration 
for the present.. Thus, it is required to estimate hmv many years it take to recover and 
,vhat intensity of cutting is desirable for preventing soil from the effects of forest 
disturbance in order to plan watershed management. 
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