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ABSTRACT

Hydrological processes at different scales governed by interactions of rainfall input,
soil hydraulic properties and antecedent moisture content, topographical and vegetal
conditions play an important role in maintaining the biodiversity, landscape heterogeneity
as well as fresh water supply for human and animals. In understanding such complicated
phenomena, physically-based distributed parameter process model development is the
current priority in the area of hydrological study. However, field monitoring is an
indispensable step for validating and parameterizing the model. This paper presents six
years monitoring results of forest plantation impacts on the runoff yield and five years on
soil erosion from two natural slope plots with identical discharge instruments and soil
erosion sampling method. One was whole-harvested in 1991 and herbicide has been
applied since then and the other as control covered with black locust (Robinia
pseudoacacia L.). Forest plantation harvesting was resulted in the event peak discharge
increase from 11.8% to 1673.0% and total surface runoff between 6.9% to 1177.8%
under the rainfall events exceeding 30mm. Soil erosion increase by forest cutting could
also be 40.0% to 11300% under different rainfall classes.
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INTRODUCTION

Hydrological processes at different scales play an important role in maintaining the
biodiversity, landscape heterogeneity as well as fresh water supply for human and
animals. Forest impact on the water cycling and sediment has been the major subject in
hydrology and water management research since the early 1960s. To understand the
whole process of hydrological cycling and to provide the sound evidence for natural
resources management such as forest, land, and water etc., hydrology is heading toward
the model development based on physical processes involved in the water movement at
different spatial and temporal scales(Abott et al. 1986a,b, Dawes et al. 1997). For larger
scale hydrological modelling, distributed parameter models also have been widely
adopted. As a result, different observation scales should be selected for the monitoring of
the hydrological phenomena aimed at validating such models and/or calibrating the para-
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meters. Obviously, the efforts to the target mentioned above, three interacting
components could be identified in the area of forest hydrological research: (1) in situ
forest impacts on the water quantity and quality experiments; (2) runoff generation
mechanism and runoff component identification(Bonell 1993);(3) physically-based
distributed parameter model development. Field experiment data not only can be used to
parameterize the model but also determine the runoff generation mechanisms while
runoff generation and component separation study can improve the physical mathematics
formulation of hydrologic models to a great deal extent.

For area without much forest, forest protection and afforestation commeonly are
adopted in order to improve the water quantity and water quality based on the principles
that forest can reduce the peak runoff discharge and soil erosion, thus improving the
water environment and lessening the water quality degradation. To maintain the drinking
water supply and ease the water shortage for Beijing city, small watershed management
in the Miyun water reservoir catchment has been initiated since early 1980s. Among the
measures taken afforestation took the first priority(Planning Group 1989). As the result,
assessing the impact of different forest plantations on the runoff generation and soil
erosion at varies spatial and temporal scales became obviously very important in the area
for the afforestation planning and practices. The major purpose of the paper is to provide
6 years monitoring results regarding the forest plantation effects on the overland flow
discharge and 5 years soil erosion at natural slope scale and increase the data availability
for the general watershed hydrological model development and parameterization for the
catchment.

RESEARCH AREA

Miyun water reservoir is located in the Miyun county, Beijing, which is about 100
km east from the urban area. The catchment area is 14.9 thousand square kilometres
among which 3.4 thousand belongs to Beijing. The maximum capacity of the reservoir is
up to 4.4 billion cubic meters. Geographically the catchment is between latitude 40°19-
41°31'N and longitude 115°25-117°33' E with the altitude from 150- 2290m a.s.L. The
climate is controlled by north-west high pressure air flow with the regime of dry and cold
winter, and humid and hot rainy summer affected by the south-east monsoon. The
annually averaged air temperature is 9-10°C, precipitation 660mm among which 65-75%
takes place through June to August, evaporation 1614mm. Vegetation in the area
includes natural second vegetation and man-made forest plantation. Major forest
vegetation species in the catchment are Mongolian oak(Quercus mongolica Fisch. et
Turcz.), Liaodong oak(Quercus liaodonglica), Chinese pine(Pinus tabulaeformis Carr.),
Black locust(Robinia pseudoacacia L.), and Aspen(Populus poplar), etc. Total
vegetation coverage of the catchment part of Beijing is 38.1%(Research report 1988).
Major rocks are gneiss, and granite.
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EXPERIMENTAL SITE AND RESEARCH METHOD

Research area is located in the lower catchment area of Miyun water reservoir.
According to the geographical and vegetal condition, two natural slope runoff plots were
selected and instrumented in the early spring 1991(Fig. 1). Two slopes have very similar
physical conditions and all were afforested by black locust(Robinia pseudoacacia L.) in
late 1970s for fuel harvesting. Later in 1985, the fuel shortage in the area was solved by
alternative supply, the plantation was left undisturbed since then. In 1991, the trees over
one slope was whole-harvested as an experimental slope while the other as a control to
monitor the impact of the plantation cutting on the surface runoff yield and soil erosion.
To prevent the regrowth of the grass and black locust(Rebinia pseudoacacia L.),
herbicide was applied each year at the beginning of the rainy season.
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Fig. 1 Layout of runoff plots and instrumentation

To eliminate the system error two identical standard thin wall 90° V-notch weirs
were constructed with the maximum discharge measuring capability of 0.212m’/s. The
routing channels were built with the bedslope 1/15. The water basin has the width 1.68m
and length 6.70m, the height of the weir under the outlet 0.83m, in the front of the water
basin a sediment basin also was built to measure the bedload discharge from the plot.

The rainfall was monitored by an automatic rain gauge placed in the experimental
slope. Water level was recorded by an automatic water level recorder SW40
manufactured by Chongqing Hydrological Equipment Company, China, for each weir.
The discharge calculation was divided into following 2 steps: 1)when the water level
lower than the weir height under the outlet, discharge was determined by multiplying the
water surface area in the basin with the water level increase; 2) when the water head was
over the outlet of the notch, the calculation was carried out by using the standard thin
wall V-notch weir discharge equation.
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Soil erosion quantity was determined based on the rainfall event by means of
summing the bedload sediment and suspended discharge. The latter was measured by
sampling the runoff at the outlet of the weir at normally 5 minutes interval with 500ml
sampling bottles. Sediment concentration was performed in the laboratory analysis by
filtering and drying. Bedload discharge volume was measured in the field when the water
in the basin was discharged by a valve near the bottom in case of the long enough
interval among two rainfall events and homogenous samples were taken into the
laboratory to determine the bulk density of the bedload sediment. Otherwise the bedload
was separated according to the total runoff and peak flows for each event. The physical
characteristics of the plots are illustrated in Table 1.

Tab. 1 Physical conditions of natural slope runoff plots and measurement devices

Plot Control(forested) plot Experiment(treatment) plot
Area(hm®) 0.91 0.95
Vegetation Black locust(Robinia pseudoacacia L.) —

and Shrubs
Canopy coverage(%e) 92 —_
Aspect East West
Slope(degree) 25-30 22-28
Soil texture sandy loam sandy loam
Bulk density(g/cm®) 1.34 1.36
Average soil depth(cm) 34 38
Rock Granite genesis Granite genesis
Measurement _ thin wall 90° V-notch weir, rainfall gauge thin wall 90 V-notch weir
Devices automatic water level recorder automatic water level recorder

RUNOFF RESPONSES TO THE RAINFALL INPUT

Runoff generation in a slope or a small watershed is the outcome of the interaction
between the rainfall input, soil hydraulic conductivity properties, antecedent soil moisture
regime, topographical condition, and vegetation coverage(Wang et al. 1992). Soil
erosion agent can be separated into rainfall impact and overland flow scour. However,
sediment transportation and discharge is largely dependent on the overland flow regime.
[dentifying the runoff response to the rainfall input is one of the basic needs to assess the
forest plantation impacts on the hydrological processes and concurrence soil erosion.
During our six years monitoring, rainfall events covered the magnitude of reoccurrence
period from 50 years(frequency 2%) with 220mm 1 day down to 10 years(frequency
10%) with 63mm within 24 hours and smaller in the research area. For a relatively small
natural slope the runoff generation in the semi-humid area largely depends on the rainfall
intensity and total rainfall amount. Based on the analysis of the recorded rainfall and their
corresponding runoff discharges from both forested and treatment slopes, in our research
area runoff response can be observed when the event rainfall exceeding 15mm which we
can determined as the critical rainfall for the runoff generation. On the other hand, when
the event rainfall is less than 30mm, forested slope usually has a rather low runoff
coefficient of below 3% while the treatment slope below 10%. It reveals that forest plan-
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tation has larger water retention capacity than that of treatment for the rainfall magnitude
from 15-30mm. Due to the different antecedent soil moisture conditions and relatively
small maximum rainfall intensity some rainfall events with the total rainfall amount over
40mm(for example on 6 May, 1996) did not generate runoff response.

FOREST PLANTATION HARVESTING IMPACTS ON THE RUNOFF YIELD

Peak flow magnitude has been the major concern of forest hydrological effects. Table
2 shows the peak discharge data under some typical storm rainfall events. The peak flow
increase following the harvesting could reach as high as 1673.0% for the rainfall event of
July 7, 1993 with the total rainfall of 74.5mm. However, for the two biggest rainfall
events occurred on July 12, 1994 and July, 31 1997, the peak discharge coefficient
increase can only be up to 68.6% and 76.0%, respectively. The lowest increase rate of
only 11.8% took place in 1996.

Table 2. Peak discharge variation following the harvesting
Rainfall Max. Rl;s Peak discharge(l-s™-hm™) Peak discharge coeffi. (%) Percentage

event  (mm/min) Control Experi. Control Experi.  increased

91-06-09 0.8 25 42 1.9 32 68.0
91-08-12 1.7 10.8 223 3.8 79 106.5
92-07-14 0.7 43 6.6 3.7 5.7 53.5
92-07-16 1.5 9.7 14.7 39 59 51.5
92-07-25 1.4 72.5 1274 31.1 54.6 75.7
92-08-03 1.3 67 192.6 30.9 88.9 187.5
92-08-21 1.2 9 11.5 4.5 5.8 27.8
93-07-07 1.1 39 65.6 2.0 35.8 1673.0
93-07-25 0.6 0.4 0.5 0.4 0.5 25.0
94-07-12 1.1 22 37.1 12.0 20.2 68.6
94-08-12 1.2 16.9 26.5 8.5 13.3 56.8
96-07-19 0.7 0.5 0.6 0.4 0.5 20.0
96-07-30 1 1.7 1.9 1.0 1.1 11.8
96-08-05 0.8 1.4 7 1.1 2.0 92.9
96-08-09 1 1.8 2.1 1.1 1.3 16.7
96-08-12 0.9 3.7 + 2.5 + +
96-08-28 0.6 2.6 33 2.6 33 26.9
96-09-11 1.2 7.1 21 3.6 10.5 195.8
97-07-19 0.9 2.5 92 1.7 6.1 268.0
97-07-31 1.5 96.2 169.3 38.5 67.7 76.0
97-09-24 0.7 0.8 1.6 0.7 1.4 100.0

Note: + not measured due to the instrument failure
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Rainfall intensity is one of the major determining factors in controlling the surface
runoff yield and peak discharge with the most important significance in case of runoff
generation dominated by Hortonian over land flow mechanism occurring when the
rainfall intensity is exceeding the infiltration rate. In comparing the forest plantation
effects on the peak discharge response to the maximum rainfall intensity, the peak
discharge coefficient can be defined as following:

Pdc%=Pd/Max.RI,5*100

where Pdc—peak discharge coefficient(%); Pd---peak discharge; Max.RI,s---maximum
15 minutes rainfall intensity.

Figure 2 shows the peak discharge coefficient of the experimental slope against that
of the forested. In the ideal condition under which the surface runoff difference could be
assumed solely contributed from the forest, the divert of regression line
y=1.9845x+1.4758 from the line y=x indicates the forest plantation harvesting effect on
the peak discharge rate. Forest whole-harvesting was resulted in the canopy interception
disappeared, forest floor interception and detention reduced, and most importantly the
soil infiltration rate decreased, thus higher peak discharge rates under the same rainfall
event from the experimental plot was observed than that from the forested one. In
addition, a linear trend between the Pdc from two plots in a certain rainfall range
suggests the significant influences of forest cutting on the peak discharge response.

Total runoff discharge from both
forested plot and experiment plot under 100 |
typical storm rainfall condition was listed J

in Table 3. Forest plantation harvesting & 50 |

can increase the total surface runoff é 60 |

coefficient by the range of 6.9% to % ‘

1177.8% under the different rainfall g 40 ¥ = L9B45x + 14758
regime and antecedent soil moisture & 5, R2=0.8397
condition. The two maximum percentage

increase event following the harvesting 0 e
took place when the event rainfall amount 0 20 40 60 80 100
reached 40mm on July 7, 1994 and 75mm Forested plot(%)

on August 9, 1996. Whereas the rainfall
amount exceeded 120mm the plantation
cutting effect on the total runoff
discharge increases were under 41.8%.
This reveals that the forest plantation impacts on the water retention approach it’s
threshold capacity when the event rainfall amount is about 75mm.

Fig. 2 Peak discharge coefficient of the
experimental plot against that of the forested
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Tab. 3 Total discharge comparision between the control and experimental plots

Rainfall Rainfal Ante. soil oisture(w%) Runoffdepth(mm) Runoffcoeficient(%) Percentage
event l Control ~ Experi.  Control Experi. Control Experi. increased
(mm) '
91-06-09 56.8 8.4 8.0 1.5 2.8 2.6 4.9 88.5
91-08-12 48.0 36.1 15.8 1.8 4.8 3.8 10. 1 165.8
92-07-14 GS.Q 7.0 9.4 0.6 1.1 1.0 1.7 70.0
92-07-16 464 8.6 10.0 1.4 2.0 3.1 4.2 35.5
92-07-25 92.8 8.5 9.8 25.3 34.3 274 372 35.8
92-08-03 975 8.2 10.8 39.6 45.7 40.6 46.9 15.5
92-08-21 30.5 4.4 6.0 0.9 1.1 3.0 3.5 16.7
93-07-07 74.5 10.6 12.3 0.8 70.8 1.0 9.5 850.0
93-07-25 334 5.8 9.79 0.2 0.3 0.5 0.8 60.0
94-07-12 216.3 8.6 10.4 81.7 106.6 37.7 493 30.8
94-08-08 379 11.6 15.5 0.1 0.3 0.3 0.7 133.3
94-08-12 1489 11.8 17.0 58.9 65.7 39.6 44.1 11.4
96-05-06 40.8 + + - - - e =
96-06-18 44.7 7.8 9.9 1.9 2.0 42 4.5 7.1
96-07-19 35.3 23 5.3 3.6 9.5 10.3 26.9 161.2
96-07-30 65.1 6.5 9.1 16.8 253 25.7 388 51.0
96-08-05 37.8 * + 6.6 7 17.4 18.6 6.9
96-08-09 43.2 7.9 117 0.4 5.0 0.9 11.5 1177.8
96-08-12 35.5 # + 1.5 438 4.1 13.4 226.8
96-08-28 34.5 + + 1.9 2.6 55 7.5 36.4
96-09-11 42.6 15.3 12.6 0.5 0.9 1.1 2.0 81.8
97-07-19 120.3 4.1 3.8 34.6 42.0 28.8 349 212
97-07-31 140.9 8.5 1.5 57.0 80.7 40.4 573 41.8
97-09-24 31.2 7.0 7.3 0.2 0.7 0.7 2.1 200.0
97-10-02  30.7 + + s = = = -

Note: + not measured; -- undetectable

FOREST PLANTATION HARVESTING IMPACTS ON THE SOIL EROSION

It is commonly believed that for the slopes greater than 5.0% overland flow is the
dominant soil eroding agent and for very steep slopes rainfall impact is a negligible
eroding process(Govindaraju et al. 1991). In our research sites soil is derived from easy-
weathering granite parent material and the cohesion force between the soil particles is
relatively small. Consequently, soil erosion regime varies considerably with the rainfall
magnitude. Figure 3 shows a typical suspended sediment concentration process for both
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plots. A lower sediment discharge from
the forested slope is observed while a
sharp variation pattern from de-
plantation slope.

35+ e Experi.
30 o E«?}estng

Sediment concentraton(g/l)
2

The maximum sediment transportation 2 |

rate from the forested plot and 15 F

experimental plot are 25.1kgs"/km” and 07

793.6kg-s'/km’, respectively. Although {5] L ik A e
the ratio between them is up to 31.6, the 5 2 ¥ 2 § @42 w9
ratio of the total event sediment yield M " o\ B 8 5 &
only is 6.0. It reveals that the event soil Time

erosion could not be solely attributed to Fig. 3 Sediment concentration variations for
the highest concentration processes. the rainfall event on 3 Aug., 1992

Table 4 shows the soil erosion distribution and the forest plantation effect in the
different rainfall classes over five years monitoring. Soil erosion can be attributed to only
several magnificent storm rainfall events each year. In our five years monitoring, only in
1991 soil erosion was evenly distributed between different rainfall classes. During the
following 4 years soil erosion could be attributed to 1 to 2 magnificent rainfall events.
Forest plantation can reduce the total soil erosion to a great extent due to intercepting
some rainfall either by canopy or by forest floor and dissipating the erosion energy both
from rainfall impact and overland flow. At different rainfall classes, forest plantation
harvesting has the different effects on the sediment yield and when the rainfall amount
falls into the range of 70-100mm, the percentage increase of soil erosion rate following
the whole-harvesting can be up to the maximum 11300%. It is related to the runoff
generation differences as indicated in the previous section.
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Tab.4 Forest plantation influence on the sediment yield under different rainfall classes

Year Rainfall Sediment output Percentage in annual total
Class  Amount Event Control Experi. Percentage Control Experi.
(mm) (mm) Times (vkm?) (tkm®) increase (%) (%)
1991 0-10 81.5 12 0.0 0.0 0.0 0.0 0.0
10-25 1303 11 6.0 23.6 293.3 31.8 224
25-35 23 3 49 26.8 446.9 26.3 254
35-50 1715 4 5.7 34.1 498.2 30.2 323
50-70 56.8 1 22 21.0 854.5 1.7 19.9
70-100 0.0 0 0.0 0.0 0.0 0.0 0.0
>100 00 0 0.0 0.0 0.0 0.0 0.0
Annual 528.4 31 18.8 105.5 461.2 100.0 100.0
1992 0-10 533 16 0.5 0.7 40.0 0.3 0.1
10-25 141.8 9 5.1 17.8 249.0 2.6 2.1
25-35 30.5 1 1.9 82 3316 1.0 1.0
35-50 464 1 24 10.0 316.7 1.2 1.2
50-70 650 1 1.5 6.5 3333 0.7 0.8
70-100 190.0 2 187.7 7874 319.5 94.3 94.8
>100 00 0 0.0 0.0 0.0 0.0 0.0
Annual 527.8 50 199.1 830.6 317.2 100.0 100.0
1993 0-10 108.2 33 2.6 15.2 484.6 17.4 27
10-25 1044 7 6.3 459 628.6 42.0 8.0
25-35 937 3 1.8 19.7 994.4 117 3.4
35-50 00 0 0.0 0.0 0.0 0.0 0.0
50-70 0.0 0 0.0 0.0 0.0 0.0 0.0
70-100 745 1 43 490.2 11300.0 289 859
>100 00 0 0.0 0.0 0.0 0.0 0.0
Annual 3893 44 15.0 570.9 3706.0 100.0 100.0
1994 0-10 62.1 27 0.0 0.0 0.0 0.0 0.0
10-25 145.1 10 0.2 04 100.0 0.2 0.2
25-35 1166 4 0.1 0.5 400.0 0.1 0.3
35-50 755 2 0.1 0.1 0.0 0.1 0.1
50-70 0.0 0 0.0 0.0 0.0 0.0 0.0
70-100 0.0 0 0.0 0.0 0.0 0.0 0.0
100-200 148.9 1 12.4 18.8 516 11.6 10.3
>200 216.3 1 93.9 162.6 73.2 88.0 89.1
Annual 684.5 45 106.8 182.4 70.8 100.0 100.0
1997  0-10 56.1 20 0.0 0.0 0.0 0.0 0.0
10-25 1322 9 0.0 0.0 0.0 0.0 0.0
25-35 619 2 0.8 2.0 150.0 6.9 6.6
35-50 00 0 0.0 0.0 0.0 0.0 0.0
50-70 00 0 0.0 0.0 0.0 0.0 0.0
70-100 0.0 0 0.0 0.0 0.0 0.0 0.0
100-200 2612 2 10.3 28.6 177.7 93.1 93.4
>200 00 0 0.0 0.0 0.0 0.0 0.0
Annual 511.3 33 1.0 30.6 178.2 100.0 100.0
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CONCLUSION

Overland runoff generation and soil erosion in field situation is a rather complicated
process governed by interactions of rainfall input, soil hydraulic properties and
antecedent moisture content, topographical and vegetal conditions. Through the
preliminary monitoring study of the impacts of forest plantation whole-harvesting and the
application of herbicide on runoff and sediment yield, following conclusions could be
drawn:

(1) Although small amount of runoff could be monitored in the reach area at the
rainfall events of 15mm, only when event rainfall exceeded 30mm a relative large runoff
and sediment response could be observed.

(2) Forest plantation harvesting is resulted in peak discharge increase ranging between
11.8% to 1673.0% and the latter occurred when the rainfall was up to 74.5mm. On the
other hand, the increase of event total runoff varied from 6.9% to 1177.8% and when the
rainfall exceeded 120mm, the increase rate is lower than 41.8%.

(3) Soil erosion rate increased following the whole tree harvesting ranged between
40%-11300% under different rainfall classes. It reveals that the forest plantation can
reduce the soil erosion significantly.
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