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Modelling the Effects of Clearcutting on 
Runoff Examples from Central Swede 

Report By Maja Brandt, Sten Bergstrom and Marie Gardelin 

In order to study the effects of forest management on hydrology in central 
Sweden a hydrological model (PULSE model) was used both as a refer- 
ence and as a forecasting tool. Three small basins were monitored before 
and after clearcutting. Increased total runoff and more pronounced peak 
flows were observed. The model was recalibrated to post-harvest condi- 
tions, and the two sets of model parameters were used to simulate the 
hydrological effects of hypothetical partial cutting in a large basin. During 
spring, the location of the cuttings affected peak flows because of nonsyn- 
chronous snowmelt and time delays in the basin. In autumn, the location 
of cuttings had very little effect on the peak flow. The total effect on peak 
flow of a 10 percent clearcut in a large basin was considered small 
compared to the effects of extreme weather conditions. 

Two years after clearcutting at Aspasen, Central Sweden. Photo: M. Brandt. 

INTRODUCTION 
The extreme autumn floods that occurred 
in Sweden during 1985-1987 have focused 
interest on the hydrological effects of 
clearcutting. In particular the flood that 
occurred in September 1985, which caused 
several dam failures in central Sweden, 
roused interest among the hydroelectric 
power companies. Local authorities in 
Sweden have also expressed concern about 
the possible connection between forest- 
management practices and flooding prob- 
lems. Forest cover is of particular interest 
when designing structures susceptible to 
peak flows, such as dams and spillways and 
for river-valley development. 

Worldwide interest in the hydrological 
effects of forest management is illustrated 
by the vast number of research projects in 
different countries. The problems in- 
volved, for example, are discussed in the 
works of Kfecek and Zeleny (Czecho- 
slovakia) (1), Gupta (India) (2), MiIA 
(Romania) (3), Pearce et al. (New Zea- 
land) (4), Plamondon and Ouellet (Cana- 
da) (5), and Ponce (USA) (6). Peak flows 
are particularly interesting for dam build- 
ers and have recently been discussed by, 
among others, Liu (China) (7). 

Reviews of studies on changes in runoff 
are presented by Hibbert (8) and Bosch 
and Hewlett (9). Most studies use refer- 
ence areas and regression analysis to calcu- 
late the changes. By reanalyzing the data 
from previous studies on clearcutting Harr 
(10) pointed to the difficulties involved in 
using regression analysis. His analysis 
showed that peak flows during snowmelt 
increased. This finding contradicts the 
findings of previous analyses. 

The first study in Sweden was initiated 
in the 1920s (11). Later studies by Grip 
(12) and Rosen (13) used a forested refer- 
ence area to determine changes in runoff. 
Runoff from both the reference and the 
study area was recorded before and after 
clearcutting, and the effect was calculated 
using regression analysis. 

In general, studies indicate an increasing 
water yield following clearcutting of forest 
areas. This is commonly explained by re- 
duced transpiration and evaporation of the 
water and/or snow that is normally inter- 
cepted by the trees. In addition, more in- 
tense snowmelts are generally reported 
and this agrees well with what is known 
about the difference between energy bal- 
ance in open areas and in forests. The 
problem lies in quantifying the effects. The 
regression method requires that the basins 
are of similar type and that the changes in 
one basin do not affect the untouched re- 
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ference basin. For example, clearcutting a 
forest in one area can affect snowdrift, and 
thus water balance, in an adjacent basin. 
Furthermore, regression analysis requires 
a relatively stable climate. A regression 
equation derived from a period of relative- 
ly dry years may produce uncertain results, 
if the change in one basin is followed by 
wet years with higher runoff values. 

The above problems may be overcome, 
at least to some extent, if a hydrological 
model is used. Instead of a gauged refer- 
ence basin the modelled runoff is then 
used as a reference. Hydrological-model 
analysis is more capable of coping with 
climatological fluctuations, but it is also 
more susceptible to inconsistencies in cli- 
matological records. The regression analy- 
sis approach relies on reference basin data, 
the hydrological model approach relies on 
climatological records. 

METHODS 

The Hydrological Model 
In this study the hydrological PULSE 
model for runoff simulation was used to 
study the effects of clearcutting on runoff. 

The PULSE model (14) is a modifica- 
tion of the HBV runoff model (15, 16), 
which is being used in several countries for 
hydrological forecasting. The HBV model 
has been compared to other models of this 
type by the World Meteorological Organi- 
zation (WMO) (17) with encouraging re- 
sults, in spite of its relatively simple struc- 
ture and limited data demands. The basic 
structure of the PULSE model is shown in 
Figure 1. The model takes into account 
daily totals of precipitation and mean air 
temperature together with monthly stan- 
dard values of potential evapotranspira- 
tion. Runoff simulation involves three 
steps: 

* snow accumulation and ablation; 
* soil moisture accounting; 
* generation of runoff and transformation 

of the hydrograph. 

Precipitation is accumulated as snow if the 
air temperature is lower than a threshold 
value. A snowfall correction factor accounts 
for winter evaporation, gauge representa- 
tiveness, and aerodynamic losses at the 
precipitation gauge. The melt routine of 
the model is essentially a degree-day ap- 
proach according to the following equation: 

m = C (T - To) 

where: m = snowmelt (mm/24 h), 
C = degree-day melt factor, 
T = mean daily air tempera- 

ture (OC), 
To = threshold temperature. 

A 10 percent liquid water-holding capacity 
of the snow has to be exceeded before any 
meltwater can leave the snowpack. 

Although very simple, the degree-day 
approach has proved very efficient in 
basinwide modelling. The well controlled 
WMO intercomparison of snowmelt mod- 
els (17) failed to identify any significant 
improvements when using more complex 
models in intermediate and large size ba- 
sins. 

Figure 1. Basic structure of the PULSE model. 
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Figure 3. Substructure configuration of the distributed PULSE 
model. Submodet II III 

Routing through lakes 

The soil-moisture accounting routine is 
summarized in Figure 2. This routine im- 
plies that the contribution to runoff from 
rain or snowmelt is small when the soil is 
dry and larger under wet conditions. Actu- 
al evaporation decreases as the soil dries 
out. A key parameter of the model is the 
Fc. The value of Fc represents the max- 
imum amplitude of soil moisture storage in 
the model. If the model is run with low 
Fc-values, the actual evapotranspiration 
levels will drop more rapidly as the soil- 
moisture storage is emptied. Consequent- 
ly, the overall soil-moisture deficit of the 
model will be less pronounced and simu- 
lated runoff will increase. 

All excess water from the soil moisture 
zone is collected in the saturated zone. 
Water is drained at different levels with 
different recession coefficients, which 
account for rapid superficial runoff and 
deeper groundwater with slow drainage. 

The routine implies that overland flow is 
not considered, unless the groundwater 
table is close to the surface. Among Swed- 
ish hydrologists this concept is generally 
accepted for till soils, see for example 
Rodhe (18). 

When applying the PULSE model to 
larger basins a division into submodels is 
recommended. The variation of input vari- 
ables, precipitation, and air temperature, 
with elevation above sea level, can thus be 
taken into account. The use of submodels 
is particularly important in basins with 
lakes. 

If the model is structured into sub- 
models, defined by the outlet points of the 
lake (Figure 3), the effects of the lakes on 
the shape of the hydrograph can be consid- 
ered in a more physically correct way. This 
is not possible when a lumped structure is 
applied. This substructure of the PULSE 
model limits the demand on model calibra- 
tion (19) and provides the model with a 
realistic time distribution of the flow con- 
tributions from different parts of the basin. 
The latter is a very important feature when 
analyzing the various consequences of 
forest-management practices. 

DATA BASE 

The location of the basins studied is shown 
in Figure 4. Runoff from the basins Kullar- 
na (1.5 kM2) and Sniptjarn (0.4 kM2) has 
been gauged since 1977. In 1980, 70 per- 
cent (Kullarna) and 100 percent (Snip- 
tjarn) of the areas were clearcut. The ba- 
sins were drained in 1982 and 1983. At 
Aspasen (0.16 kM2), runoff measurements 
were initiated in 1979, and in the winter of 
1982/83 85 percent of the area was 
clearcut. 

Precipitation data for these three adja- 
cent basins were collected from two 

Figure 4. Geographical location of the studied ba- 
sins. 
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meteorological stations situated 30 kilome- 
ters south and 15 kilometers north of the 
basins. The data series were tested with 
double-mass analysis. No notable inconsis- 
tencies were observed, and the data were 
found fully acceptable for this study, al- 
though the stations were not situated close 
to the basins or at equivalent heights 
above sea level. Temperature data were 
collected from a station 30 kilometers 
south of the basins. In all cases monthly 
estimates of the potential evapotranspira- 
tion according to Eriksson (20) were ap- 
plied. 

Partial deforestation in large basins was 
studied using the representative basin 
Kassjoan (164 kmi2). Runoff data for the 
period 1975-1984, were chosen. Precipita- 
tion and temperature data were collected 
from a station 20 kilometers north of the 
basin. 

RESULTS 

Model Application to Small Basins 
In the application of the model to the small 
basins Kullarna, Sniptjarn, and Aspasen, 
the empirical model parameters were set 
by calibrating against observed runoff for 
the time period prior to clearcutting (three 
years). The effect of clearcutting could 
then be determined as the difference be- 
tween simulated and recorded runoff when 
the model was run with the meteorological 
data measured after clearcutting. 

Figure 5 illustrates the increase in runoff 
from the time of the clearcutting. The ob- 
vious effect is a quick drop in the accumu- 
lated difference curve (computed minus 
recorded runoff). The increase varied be- 
tween 165 and 200 mm per year in the 
different basins. The greatest effects were 
observed in spring, when the increase was 
50 to 120 mm during the spring flood. Dur- 
ing the summer and autumn period, the 
increase varied between 75 and 95 mm. 

When recalibrating the model to post- 
harvest conditions it was found to be 
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FIgure 5. Runoff (0) simulations for two small ba- Computed hydrograph = blue line 
sins, illustrating th effect of clarcutting. cc. dff. reps the cumulative difference 
Recorded hydrograph = thin line. between computations and obserations. 
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necessary to change the values of parame- 
ters for the snow routine and for the soil- 
moisture routine. The correction factor for 
snow accumulation was increased to 
account for increasing spring-flood runoff 
volumes. The degree-day factor was in- 
creased to account for a more intense 
snowmelt, and the threshold temperature 
was decreased to obtain an earlier start of 
the melting. 

When trees are felled, transpiration and 
evaporation decrease. In the hydrological 
model this was accounted for by a decrease 
in the empirical parameter, Fc, in the soil- 
moisture routine. A summary of the most 
significant model parameters for condi- 
tions before and after harvest is given in 
Table 1. 

The effects on the snowmelt parameters 
are in agreement with general experience 
from forested and open areas (21). 

It is noticeable that the reduction in the 
amplitude of the soil-moisture storage, 
controlled by Fc, implies that the soil will 
become less important as a flood control- 
ling factor after clearcutting. 

The difference between pre-harvest and 
post-harvest conditions in the model simu- 
lations is shown in Figure 6. Runoff from 

Table 1. Pro-harvest (I) and post-harvest (N) optimum-medel parameters (calibrated). 

KULLARNA SNIPTJARN ASPASEN 

Snowfall correction 0.85 1.15 0.8 1.10 1.00 1.30 
Degree-day melt factor 

mm - (day OC)-1 2.25 3.50 2.25 3.50 3.00 5.50 
Threshold air temperature (TO) (0C) 0 -0.3 0.5 0 1.4 0.5 
Soil-moisture amplitude (Fc) (mm) 200 50 150 40 200 50 

Q ([Is) SNIPTJARN basin (0.4 kM2) Figure 6. Runoff (Q) simulations 
for the Sniptiarn basin (0.4 kM2), 

75 - Illustrating the effect of clearcut- 
ting as described by the model 
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Figure 7. The KassejOn drainage basin. Hypso 
graphic curve and two aftemative locations of a 
hypotiNcaln arcut covering 10 pecent of the 
drainag basin are Indicated. 

tt Hypsographic curve 
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forested basin Figure 8. Examples of runoff (Q) clearcutting in 
simulations for the Kassjban basin the upper part 
(164 ki2), Illustrating the effect of ...... clearcutting in 
different locations of a clearcut the lower part 
covering 10 percent of the basin. 
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the clearcut basin is generally larger. 
Snowmelt starts earlier and is more in- 
tense, and summer and autumn conditions 
are significantly wetter due to a smaller 
soil-moisture deficit. 

Model Applications to a Large Basin with 
Hypothetical Partial Clearcutting 
The difference between the two parameter 
sets, one for forested and one for de- 
forested conditions, formed the basis for 
the study on partial cuttings in large ba- 
sins. For this study the drainage basin 
Kassjo6an was used. The basin was divided 
into sub-basins making it possible to simu- 
late the effect of hypothetical cuttings in 
different parts of the basin. Simulations 
were made for two different locations of a 
clearcut covering 10 percent of the basin 
area (Figure 7). 

Examples of simulations of runoff with 
partial clearcuts are shown in Figure 8. 
The results indicate that the effect on 
runoff is relatively small and, for the 
spring, related to the location of the cut- 
tings in the basin. The effect on peak flows 
during summer/autumn and spring is 

Q (m3/S) p 

20 

forested basin 
clearcutting in 
the upper part 

......... clearcutting in 
the lower part 
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Figure 9. Simulated peak flows during summer and autumn in the 
Kas*jOin basin (164 kiM2). Effects of a hypothetical clearcut covering 
10 percent of the basin, located in the upper part (a) or In the lower 
part (b) of the basin (period: 1975-1984). 

0. 6 

Co 0*b 

Forested basin m3* S-1 Forested basin m3a S-1 

summarized in Figures 9 and 10, respec- 
tively. 

Peak flows during summer and autumn 
increased by up to five percent as a result 
of clearcuts in both the studied locations. 
The importance of the location of the 
clearcut was considerable for spring flood. 
In the forested basin, spring flood normal- 
ly starts in the lower parts. Clearcutting in 
the upper part of the basin will lead to a 
more intense snowmelt and an earlier 
spring flood in this part of the basin. Com- 
bined with melting in the lower part this 
resulted in a nine percent increase of peak 
flows during spring floods. On the other 

hand, clearcutting near the outlet of the 
basin resulted in a more evenly distributed 
spring flood, due to nonsynchronous 
snowmelt and the time delays caused by 
routing of water through the lakes. Peak 
flows were unchanged or even lower. 

DISCUSSION 
The conclusion that complete clearcutting 
of a drainage basin will result in a consid- 
erable increase in runoff confirms a well- 
known fact. However, using a model as a 
reference base instead of a basin is new. 
The model avoids the problems of climatic 

fluctuations that occur during the study 
period. Instead, the homogeneity of 
climatogical records becomes a very cru- 
cial factor, which has to be controlled. The 
model approach also constitutes a consid- 
erably less expensive method than main- 
taining a reference basin. 

It is important to bear in mind that the 
study of the effects in the large basin is 
based on comparisons between simula- 
tions with hypothetical differences in 
forest cover. The manipulated small basins 
were only used to identify suitable model 
parameters for pre- and post-harvest con- 
ditions. In other words, the model is used 

Extreme autumn floods In Central Sweden 1985 started a discussion on the hydrological effects of 
clearcutting. Photo: H. Sanner. 
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FIgure 10. Simulated peakflows during spring In the Kass6in basin 
(164 k ). Effec of a hypothetical clearcut covering 10 percent of the 
basin, located In the upper part (a) or In the lower part (b) of the basin 
(period: 1975-1984). 
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