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2000; Chen, 2001). The region of Xiaoxing’an Mountains is 
an important timber production base in China, as well as the 
homeland of the famous “Korean pine”. Its characteristics 
such as dense forests and rich biodiversity maintained a good 
ecological environment in the area. Due to the long period of 
excessive logging and indiscriminate tree-felling, the forest 
region experienced many ecological crises, such as the seri-
ous soil erosion of yarding roads, increasing volume of river 
sand, river bed up, flooding, etc. (Man et al., 1997; Wang 
et al., 1997; Man et al., 1998; Zhou et al., 2003; Zhang et al., 
2004a, 2004b). These ecological crises have aroused exten-
sive attention. Mainly based on the characteristics of the river 
runoff changes after forest harvesting, this paper explores the 
impact of forest harvesting on the ecological environment and 
provides some scientific basis for the rational management 
of forest resources and maintaining the healthy regional 
ecological environment.

2 Study site

This study was conducted in the forest region of the 
Xiaoxing’an Mountains in the north of Heilongjiang Province 
(46°37p–48°56p  N, 127°37p–129°54p  E) in China. The whole 
terrain is high in the east and north, and low in the west and 
south. The average altitude is about 400  m above sea level. 
The Tangwang River is the largest river running across 
the territory, which spans 506  km, and the basin area is 
21  245  km2. The major tributaries are the west Nancha River, 
Dafeng River, Yichun River, Friendship River, Hongqi River 
and the West Tangwang River. The area has a typical con-
tinental climate, long winter, short summer, cool and wet 
summer, dry and cold winter. The annual average temperature 
is −1°C, the maximum temperature is 37.4°C, the minimum 
temperature is −47.7°C, the accumulated temperature (i10°C 
for the whole year) is 1,995–2,335°C, and the frost-free 
period is 100–125 days. The average annual precipitation is 
615.2  mm, and mostly received from July to August.

The zonal vegetation in the area is a mixed coniferous 
and broad-leaf forest in which Korean pine (Pinus koraiensis) 
is the dominant specie and the associated species are Tilia 
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1 Introduction

Forest harvesting is one of the main approaches that people 
use to exploit and utilize forest resources. It has also become 
the primary objective of forest management. However, while 
certain economic benefits can be obtained from forest har-
vesting, the activity might also cause a variety of ecological 
losses, and the losses might be several times or even several 
decuples higher than the economic benefits (Cai et al., 1995a, 
1995b; Becker and Braun, 1999; Beldring 2000; Herdrayanto, 
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amurensis, Tilia mandshurica, Betula costata, Quercus 
mongolica, Populus ussuriensis, Ulmus laciniata, Fraxinus 
mandshurica, Phellodendron amurense, Juglans mand-
shurica, etc. It is also accompanied with the cold temperate 
species, which are in the Eurasian Coniferous Forest, such as 
Picea koraiensis, Picea jezoensis, Abies nephrolepis, Larix 
gmelini, etc., and many shrubs and liana. After a long, exten-
sive harvesting and utilization of the forests, not much virgin 
forest was left. Most of the vegetation left is over-cutting 
forests, natural secondary forests and plantations. The 
region’s soils include Brown Forest soil, Dark Brown Forest 
soil, Black soil, Albic soil, Meadow soil, Mire soil, Peat soil, 
etc. (Zhang et al., 2000; Zhang et al., 2003; Mu et al., 2004). 
Brown Forest soil is the main soil in this area, and accounted 
for approximately 80% of the whole area.

3 Research methods

The large basin runoff experiment method combined with 
the contrast experiment in a small watershed was adopted. 
1) Contrast experiment in the small watershed: two adjacent 
watersheds—Yulin Channel and Xinlin Channel at Hanyue 
Forestry Centre in Dailing Experimental Forestry Bureau 
were selected. Yulin Channel was selected as the experimen-
tal section for forest harvesting with a catchment area of 
8.28  km2. In 1969, we carried out clear cutting for 85% of 
the forest of the Yulin Channel. After cutting, we constructed 
theiLarix gmelini plantations. The Xinlin Channel (com-
parison area) was a Korean pine-deciduous mixed forest. The 
catchment area was 28  km2, and there was no forest harvest-
ing. The other natural conditions of the two watersheds were 
identical. 2) Large basin runoff experiment: Nancha Station 
(the catchment area was 2,582  km2) in the south Nancha 
River was selected, which was the tributary of the Tangwang 
River and Chenming Station (the catchment area was 
19,186  km2) in the downstream trunk of the Tangwang River. 
These four runoff observation stations were hydrological sta-
tions that were established by the Heilongjiang Hydrographic 
Bureau. They had accumulated runoff data for over 30  years, 
and some other data were directly obtained from the 
Hydrological data of Heilongjiang Basin issued by the 
Heilongjiang Hydrographic Bureau.

The forest resources data applied in this paper were 
obtained from the Forestry Management Bureau of Yichun 
in China; Experimental Forestry Bureau of Dailing in 
China; Forest Industry Administration and Forest 
Resources Management Bureau of Heilongjiang Province 
in China. They were mainly from The Statistical Table of 
Forest Resources of Heilongjiang and The First-class 
Comprehensive Collection of Resources Verification on 
Forest Resources of State-owned Forest Industry Region of 
Heilongjiang. The statistical term of The Statistical Table of 
Forest Resources of Heilongjiang and The Statistical Table 
of Forest Resources Investigation in Experimental Forestry 
Bureau of Dailing were from 1960 to 2004.

4 Results and analysis

4.1 Effects of forest harvesting on river runoff

As can be seen from Fig.  1, the rainfall of the two contrast 
basins were in agreement from June to August, but the runoff 
of the two were much different. The specific representation 
was that in the initial ten years after harvesting, the runoff 
from June to August in the harvested basin was higher than 
the basin with no harvesting; later the runoff of the two would 
become consistent, and gradually show that the runoff in the 
harvested basin was lower than the basin with no harvesting. 
The main reason was that the crown interception loss and 
water consumption by forest transpiration was decreased 
after harvesting, so that the runoff increased during the initial 
years after forest harvesting. With the growth of the Larix 
gmelini plantations, the crown interception loss and water 
consumption by forest transpiration continued to increase; the 
runoff in the harvested basin was correspondingly decreased 
and was gradually closer to the contrast basin. With the Larix 
gmelini plantations forming a canopy, the forest coverage 
would continue to increase and exceed the contrast basin 
(Fig.  2). The crown interception loss and water consumption 

Fig.  1 Run-off and precipitation between harvested and contrast 
basin during June to August
R1: run-off of harvested basin; P1: precipitation of harvested basin; 
R2: run-off of contrast basin; P2: precipitation of contrast basin.

Fig.  2 Change of forest coverage between harvested and contrast 
basin
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by tree transpiration had further advanced, so that the runoff 
in the harvesting basin tended to be lower than the contrast 
basin (Fig.  1).

Using analysis of variance, the difference between the 
runoff in the harvested basin and the basin with no harvesting 
was not significant (F = 0.33<F0.05 = 4.00). This meant that 
forest harvesting and immediate planting could not remark-
ably affect river runoff. Although the river runoff had a 
certain increase in the initial period after harvesting, with the 
restoration of vegetation and the canopy closing of the planta-
tions, the river runoff would gradually return to the previous 
level of none harvesting.

In order to study the changes of annual runoff after forest 
harvesting in a large basin range, two stations were selected: 
Chenming Station (the area was 19,186  km2) of Tangwang 
River, which represents the control to the entire forestry 
region of Xiaoxing’an Mountains; Nancha Station (the area 
was 2,582  km2) of the South Nancha River, which is charac-
terized by a large area of forest basin. The hydrological data 
from 1964 to 1994, and the annual forest resource data which 
were relative to forest harvesting, reforestation, etc., were 
used to set up the correlation, and analyze the effect of the 
changes on annual runoff. The annual runoff (y) and the area 
of regeneration (x1), the size of cutting (x2), and the precipita-
tion (x3) were used to set up the multiple regression models.

Chenming Station of Tangwang River: Y = −342.413
−0.018,2  x1+0.017,9  x2+0.978,6  x3, R2 = 0.86; Nancha Sta-
tion of the South Nancha River: Y = −435.916−0.000,8  x1+
0.000,3  x2+0.856  x3, R2 = 0.80.

From the above regression models, we can see that the 
annual river runoff had a positive correlation with the cutting 
area and precipitation, and negative correlation with the area 
of regeneration. This means that forest harvesting could 
increase the annual river runoff, but regeneration had a trend 
in decreasing the annual river runoff. This result was in 
general agreement with the results observed from the runoff 
experiment in a small watershed.

4.2 Effects of forest harvesting on flood runoff

In order to study the impact of forest harvesting on flood 
runoff, two sets of flood data of ten measurements from two 
contrast basins were obtained (Fig.  3). By analysis of the data, 

we obtained the results that the modules of flood runoff of ten 
measurements in the cutting basin were higher than the basin 
with no cutting. After analysis of variance, the difference of 
the modules of flood peak runoff between the two contrast 
basins was significant (F = 4.93>F0.05 = 4.41), especially in 
the early stages after harvesting. That meant that forest har-
vesting had a significant impact on flood runoff. The result 
by field measurement also showed that in the condition of 
a small volume of rainstorm, for short and prophase small-
rainfall, the runoff of the flood peak in the cutting basin 
remarkably increased; but in the contrast adjacent areas, 
because of the larger storage capacity of the forest, the runoff 
of flood peak was lesser. Given the conditions and enough 
time, the runoff of the flood peak in the cutting basin was 
equal to the basin without cutting. For example, the largest 
flood recorded in Xinlin Channel (the basin without cutting) 
on August 7th, 1985 was after eight days of rain. The forest 
basin was almost saturated, and even when the precipitation 
on August 7th was only 60  mm, it could not stop the largest 
flood in Xinlin Channel in recent years. Therefore, the ability 
of the forest to reduce peak and flood was limited. In the area, 
when precipitation exceeds 100  mm, the capacity of water 
storage and intercepting the forest flood would gradually 
weaken; when precipitation exceeds 150  mm, the forest 
would almost lose the capacity of intercepting the flood 
(Schaap and Bouten, 1997; Wang et al., 2000; Zhang, 2002; 
Long et al., 2004).

4.3 Effects of forest harvesting on the thaw runoff

Figure  4 shows that the thaw runoff from the cutting basin 
in April was remarkably higher than that in the contrast basin. 
By analysis of variance, the difference of the thaw runoff 
between the two contrast basins was significant (F = 6.51> 
F0.05 = 4.26). The reason why forest harvesting increased 
the thaw runoff could be explained from the following two 
aspects. 1) Before harvesting, the vegetation of the basin was 
a virgin forest of Korean pine, and the canopy interception of 
snowfall was larger; after harvesting, the canopy interception 
was removed and the snow cover volume on the clear-cut area 
significantly increased, so that the thaw runoff increased 
(Putuhena and Cordery, 1996; Rui, 1996; Shen et al., 2002; 
Liu and Pei, 2003; Yang et al., 2003; Mu et al., 2004). 2) After 
harvesting, the Larix gmelini plantations and the natural 
regenerated broadleaved trees in winter were all defoliated, 
and they had less effect of interception on snowfall. Mean-
while, they played the role of preventing winds and protecting 
snow in the woodland, and reducing snow evaporation, which 
resulted in the increase of the thaw runoff in April.

5 Discussion

The contrast experiment of runoff in a small watershed 
showed that river runoff increased in the initial ten years after 

Fig.  3 Ten peak flood modulus between harvested and contrast 
basin 
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harvesting when the Larix gmelini plantation was created; 
with the growth and canopy closure of the Larix gmelini plan-
tation, the river runoff would gradually decrease and tend 
to be equal or even lower than the level before harvesting. 
The analysis of variance showed that forest harvesting and 
immediate planting could not remarkably affect the river 
runoff. The runoff experiment in a large basin showed that the 
river runoff had a close correlation with the annual rainfall 
and the size of forest harvesting and regeneration. Significant 
positive correlation was observed between annual runoff 
and size of forest harvesting because forest harvesting could 
increase the river runoff. There was a negative correlation 
between the size of regenerated forest and the annual runoff, 
because regeneration could decrease the annual runoff, and 
this result was in general agreement with the result observed 
from the runoff experiment in a small watershed. However, 
forest harvesting had a remarkably increasing effect on both 
the runoff of the flood peak and the thaw runoff.

Of course, the conditions of the contrast experiment in the 
small watershed were sharply changed after forest harvesting 
and reforestation, but the conditions of the experiment in the 
large basin were a gradual succession of forest harvesting and 
reforestation. Forest harvesting and reforestation had an alter-
nate effect on the river runoff. Consequently, in the experi-
ment of the large basin and small watershed, the impact of 
forest harvesting on the river runoff process was not entirely 
consistent. Experiments of the large basin and small water-
shed obtained the common result that forest harvesting could 
increase the river runoff, but the difference is not significant. 
Furthermore, selective cutting and clear cutting had a differ-
ent effect on the river runoff. Clear cutting was more pro-
pitious to the formation of the flood peak and occurrence of 
flood than selective cutting. However, selective cutting was 
more propitious to the increase of thaw runoff. Because 
selective cutting decreased the interception loss of the forest 
on snowfall and was propitious in increasing the snow on the 
woodland, it also caused the forest to change little and was 
propitious in the increase and retention of thaw runoff (Liu 
et al., 1996; Chang, 2001; Zhang et al., 2001; Chen and Li, 
2004; Dao and Pei, 2004). There were many uneven-aged 
coniferous broad-leaved mixed forests in the forest region 

of Xiaoxing’an Mountains, and we always adopted selective 
cutting as the main harvesting schedule. This had important 
practical significance in increasing and staving the thaw 
runoff in spring, relieving the spring drought in the Northeast 
and increasing water supply for industries and agriculture in 
the lower reaches of the river.
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