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Abstract: Interception is one of the most underestimated processes in hydrological cycle in arid and semiarid regions. In 
Qilian Mountains of northwestern arid and semiarid China, the Qinghai spruce (Picea crassifolia) forest plays an im-
portant role in the hydrological cycle of the inland Heihe River basin. The historical disturbance of Qinghai spruce forest 
has resulted in various ecological problems. In order to realize the sustainable development of Heihe River basin, the 
Chinese government implemented restoration practices for Qinghai spruce in the past three decades. In this study, we es-
timated the rainfall interception in the actual and potential distribution of Qinghai spruce forest. Some of the important 
findings include: (1) The interception ratio of rainfall events ranged from 11–51% with a mean value of 27.02%; (2) To-
tally, 147 Mt of rainfall is intercepted by canopy of actual Qinghai spruce forest, in the projected potential distribution of 
the forest, totally 407 Mt of rainfall will be intercepted. 
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1. INTRODUCTION 
 

Changes of structure and distribution of landscapes at differ-
ent temporal and spatial scales may influence a series of ecohy-
drological processes such as surface runoff (Loren et al., 2010), 
infiltration (Hejduk and Kasprzak, 2010), water quality (Bhad-
huri et al., 1997), soil erosion (Sánchez et al., 2002), solute 
cycling (Williams et al., 2004), etc. As a result, the cumulative 
effect of landscape changes on hydrological and ecological 
processes is always the focus of environmental scientists 
(Cosandey et al., 2005). The forest, due to its important ecolog-
ical and hydrological functions in terrestrial ecosystems, have 
been increasingly concerned mainly on the environmental ef-
fects of its extraction in arid and semiarid regions where forest 
represents a major natural and economic resource (Domingo et 
al., 1998). To better manage the forest resource, basic infor-
mation on the effect of forest extraction on environment need to 
be understood. At arid and semiarid regions, the water relations 
of forest are of major interest at river basin scale where extrac-
tion of forest may affect water yield through regulating the 
rainfall interception (Smettem et al., 2006; Holko, 2010). Dur-
ing a rain event, some drops fall through the forest canopy 
directly to the ground while others are intercepted by forest 
canopy, water that remains on the vegetation and is evaporated 
during or after rainfall events is described as interception; water 
that may or may not contact the canopy and falls to the ground 
is measured as throughfall; water that flows to the ground via 
trunks and stems is measured at as stemflow (Crockford and 
Richardson, 2000). 

Distributed at upper reach of Heihe River basin (the second 
largest inland river basin in the arid and semiarid regions of 
northwestern China), the Qinghai spruce (Picea crassifolia) 
forest plays an important role in the hydrological cycle of the 

Heihe River basin, but the forest experienced extensive defor-
estation during long disturbance of human since Han Dynasty 
(~200 B.C.) to 1980’s, the deforestation has induced various 
socio-economical and eco-environmental problems (Wang et 
al., 2002). In order to restore the deteriorated environment, and 
to accomplish the sustainable development in the whole Heihe 
River basin, Qilian Mountains National Nature Reserve was 
established and some afforestation and reforestation practices 
were conducted since 1986, the Qinghai spruce forest was 
recovered to a certain extent, but according to an estimation of 
deforested area of Qinghai spruce, there still 60% of Qinghai 
spruce has the potential to reestablish (Xu et al., 2011). It can 
be expected that these afforestation and reforestation practices 
may result in large area of recovered spruce forest, but how 
these recovered forest may influence the hydrological cycle of 
Heihe River basin is still not clear, so the one aim of this paper 
is to demonstrate a regional modelling approach to predict the 
rainfall interception of Qinghai spruce forest in its projected 
potential distribution. The other aim of the present study is 
discuss the possibility of the application of plant species poten-
tial distribution on hydrological cycling at regional scale, litera-
ture reviewing demonstrated that there still exist no report 
focusing on such topic. 
 
2. MATERIALS AND METHODS 
2.1 Study area 
 

The study was conducted at the Qilian Mountains National 
Nature Reserve (Fig. 1). Warm and humid summers, cold and 
dry winters characterize the region’s climate. Mean annual 
rainfall is about 550 mm at southeast portion and less than 200 
mm at northwest portion of the study area, 90% of the annual 
rainfall occurring between May and October. Snow accounts 
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for less than 1% of the annual rainfall. The mean annual air 
temperature is ~6oC at the lowlands and is –10oC at the highest 
elevations. The mean annual rainfall and mean annual tempera-
ture have a decreasing trend from the southeast to the north- 
 

west. The vegetation types in the Qilian Mountains include, 
from low to high elevations, desert, desert steppe, forest-steppe, 
sub-alpine shrubby meadow, alpine frost-action barren zone, 
and the permanent snow and ice. 
 

 
 
Fig. 1. The location of study area.  
 
2.2 Data 
 

Two sets of data were collected: (1) the one related to the ac-
tual and potential distribution of Qinghai spruce. The actual 
distribution of study species was provided by Forest Inventory 
and Planning Institute of Gansu Province. The data were com-
piled using remotely sensed data and the accuracy of the data 
was later validated through intensive and extensive field inves-
tigations. The potential distribution of Qinghai spruce was 
modeled through species distribution modeling, nineteen cli-
matic layers (annual trends, extremes and seasonality of tem-
perature and rainfall, see Hijmans et al., 2005) and two water-
energy layers (topographic wetness index and total annual solar 
radiation, derived from Digital Elevation Model) were collected 
before the modeling, it should be noted that during species 
distribution modeling, the presence samples (and absence sam-
ples in some cases, depending on the modeling methods) is also 
needed, so we also collected 93 presence and 33 absence sam-
ples of Qinghai spruce during our field investigation at Aug., 
2008; (2) The other related to canopy interception estimation in 
the spruce forest, specifically, they are leaf area index (LAI, an 
important structural property of plant canopy, namely the one-
sided leaf area per unit ground area, essential in calculating 
terrestrial energy, carbon, water-cycle processes, and biogeo-
chemistry of vegetation) and rainfall events (including the 
corresponding canopy interception).  

Since our aim was to estimate the interception at regional 
scale, so we firstly established the regression relationship be-
tween LAI and interception at plot scale, then applied this rela-
tionship at regional scale (the Qilian Mountains National Na-

ture Reserve) to accomplish our aim. Because we cannot mea-
sure the LAI at each point within the Reserve, so in this paper, 
the relationship between measured LAI (at sampling point) and 
the satellite derived LAI (covered the whole study area) was 
also established. The measured LAI was obtained using LI-
COR LAI-2000, as denoted by LAILAI-2000. The satellite derived 
LAI, MOD15 LAI (LAIMODIS), is a product of Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) Terra and was down-
loaded from LPDAAC (2001). The rainfall events and corre-
sponding canopy interception were collected during our field 
investigations conducted at Dayekou (May–Oct., 2008), 
Guantan (May–Oct., 2009), Sidalong (May–Oct., 2011) and 
Wushaoling (May–Oct,. 2009). These four sites were selected 
since long-term meteorological data are available. At each site, 
a plot with a wide range of openness was set up in order to 
obtain the canopy interception. The area of plot for Dayekou, 
Guantan, Sidalong and Wushaoling was 400 m2, 400 m2, 900 
m2 and 900 m2, respectively. Not far away from these plots, an 
automatic weather station was installed. 
 
2.3 Field measurements 
2.3.1 Event rainfall 
 

Event rainfall was measured in all of the four study sites us-
ing automatic weather station with a resolution of 0.1 mm to 
provide information on the number and duration of individual 
rainfall events in the open space. The rainfall events were clas-
sified as separate event if the time between events exceeded 5 
h, and the duration of rainfall was determined as the number of 
rain-hours in a rainfall event. 
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2.3.2 Throughfall and interception 
 

Throughfall was measured on all of the raining days between 
May and October, which are growing season for Qinghai spruce 
(Zhang et al., 2010). We used plastic round bucket (0.2 m in 
diameter) to collected the throughfall, these bucket were regu-
larly (3 m interval within the plots of Sidalong and Wusha-
oling) or randomly (within the plot of Dayekou and Guantan) 
located within these plots. The buckets were kept in the same 
positions throughout May to October to assess the relationship 
between canopy structure and spatial variability of the through-
fall. Interception was calculated as the difference between the 
amount of rainfall that was actually collected in the buckets and 
the amount that was measured by the automatic weather station. 
 
2.3.3 Field measurement of LAI 
 

The LAI-2000 instrument has an optical sensor which con-
sists of five light sensors arranged in concentric rings spanning 
the zenith angles 0–13°, 16–28°, 32–43°, 47–58°, and 61–74°. 
It measures radiation in the blue spectrum (320–490 nm), where 
scattering from leaves is low (Welles and Norman, 1991). Per-
formed at the same time as rainfall events, measurements were 
acquired at sunset or on overcast days Given the fact that LAI-
2000 may detect objects or gaps outside of small plots, so in 
order to reduce the influence of the adjacent plots and of the 
operator, a 45° view-cap was applied on the optics (Welles and 
Norman, 1991; LI-COR, Inc., Lincoln, NE, 1992). We recorded 
readings both in the forest plots (above the plastic round buck-
ets) and simultaneously in an open area in the forest. The num-
ber of buckets were 90, 20, 90 and 89 within the plot of Day-
ekou, Guantan, Sidalong and Wushaoling, respectively, as a 
results, totally 289 LAI values were recorded (Fig. 2). The 
standard LAI-2000 outputs (five rings, 5R) were reprocessed 
using the LI-COR C2000 software. 
 

 
 
Fig. 2. The frequency of the LAI in four study plots. 
 
2.4 Interception estimation 
 

As mentioned above, the plastic round buckets were used to 
collect the throughfall at four study plot, within the plot of 
Dayekou, Guantan, Sidalong and Wushaoling, there were 90, 
20, 90 and 89 buckets, respectively. For the rainfall, 33 events 
at Dayekou, 24 at Guantan, 35 at Sidalong and 30 at Wusha-
oling, totally 122 rainfall events were recorded during May to 
October at four study sites. We did not observe any throughfall 
when the gross rainfall was less than 1.5 mm, this means 12 

rainfall (3 at Dayekou, 5 at Guantan, 3 at Sidalong and 1 at 
Wushaoling) events were not suitable to be used to find rela-
tionship between rainfall and interception, so these 12 rainfall 
events were excluded. 

So far, for each of the study plot, we have LAI values which 
were necessary to depict the canopy structure, observed rainfall 
events and related “effective” interception. It should be noted 
that the LAI value could be seemed as a constant throughout a 
single growing season, but the interception could not be a con-
stant percent of rainfall for different rainfall event. So all of the 
interception corresponded to different rainfall events should be 
used to establish the relationship between rainfall and intercep-
tion. Take the plot of Dayekou as an example, 90 LAI values 
were obtained, consequently, 90 interception data can be re-
corded after each rainfall event. When considering all the num-
ber of events (i.e., 30), totally 2700 (90×30) groups of data 
(each group consists of LAI, gross rainfall and interception) 
could be obtained. For the other three sites (i.e., Guantan, 
Sidalong and Wushaoling), the number of effective data groups 
is 380, 2880 and 2581, respectively. In order to obtain confi-
dent relationship between interception, rainfall and LAI, all the 
observed data at four study sites should be used, which means 
totally 8542 groups of data are available for the regression and 
validation of the related relationship. 

Several models have been developed to make predictions of 
interception based on rainfall and canopy characteristics. These 
models have been based largely on either the Rutter (Rutter et 
al., 1971) or Gash (Gash, 1979) models. The following model 
was considered to be physically based, and was developed to 
provide insight into the interception process and be able to 
compute the interception of annual rainfall (Blake, 1975): 
 

  
I = S(1! exp(! P

C
))+ E  (1) 

 
where I is the intercepted rainfall, S is the maximum canopy 
storage capacity, P is the gross rainfall, C is an empirical coef-
ficient related to canopy storage and E is the evaporation from 
the canopy. Peng et al. (2010) derived a similar equation during 
their research works related to the interception loss of Qinghai 
spruce as follows: 
 

  

I = Icm
* ! LAI !(1" exp(" P

Icm
* ! LAI

))+ a !P  (2) 

 

where   Icm
*  and  a  are regression coefficient. Here, 5125 (60% 

of 8542) groups of observed data were used to quantify the 

regression coefficient   Icm
*

 and   a,  the regression result was 

0.45 and 0.27 for   Icm
*

 and   a,  respectively, the other 40% 
(3417) groups were used to test the acceptability of the two 
coefficients. 

The interception estimated use Eq. (2) was actually the inter-
ception of single rainfall event and on the plot scale, whereas 
our objective was to estimate the mean annual interception at 
regional scale, this means Eq. (2) was not suitable for the esti-
mation of annual interception. Compare with the relatively 
easer accessibility of spatial distribution LAI, the characteristics 
of event rainfall (including the depth, the duration and number 
of events) at each pixel within the study area cannot be confi-
dently obtained. So we analyzed the relationship between LAI 
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and interception ratio (the event interception divided by event 
rainfall), and established relationship between LAI and average 
interception ratio, specifically, for a given LAI level, we com-
puted how much rainfall (average interception ratio) was inter-
cepted (Table 1 and Fig. 3). Then we extracted the LAI of the 
pixels where has been distributed by Qinghai spruce, and aver-
age interception ratio corresponding to the specific LAI level 
was assigned to the pixels, finally, by applying the average 
interception ratio to the annual rainfall, the annual interception 
can be estimated.  

The interception in the potential distribution area of Qinghai 
spruce was estimated by the same strategies, it should be noted 
that at those areas where the Qinghai spruce actually not but 
predicted to be distributed, the LAI value extracted from  
LAIMODIS were not the reasonable value because the surface 
coverings were predicted to be replaced by Qinghai spruce 
forest and the LAI value might not be the value at present, so 
during the estimation of interception at these area, the average 
value of LAI of actual distribution of Qinghai spruce forest was 
used. 

 
 
Fig. 3. The relationship between LAI and interception ratio. 
 

 
Table 1. The relationship between LAI and average annual interception ratio. 
 
LAI 0.0–0.5 0.5–1.0 1.0–1.5 1.5–2.0 2.0–2.5 2.5–3.0 3.0–3.5 3.5–4.0 4.0–4.5 4.5–5.0 
Interception 
ratio (%) 24.12 36.37 32.08 30.42 16.22 27.73 13.56 15.33 14.53 18.92 

 
 
2.5 The potential distribution modeling of Qinghai spruce 
 

We used Maximum Entropy Species Distribution Modeling 
ver. 3.3.3 (hereafter, Maxent; Phillips et al., 2006; Phillips and 
Dudik, 2008) to construct maximum entropy models for Qing-
hai spruce. Maximum entropy approaches rely on presence-
only data to model the distributions of species. The Maxent 
approach has been shown to have high predictive performance 
relative to other presence-only approaches (Elith et al., 2006). 
Advantages of Maxent include: (1) It requires only presence 
samples of species; (2) It can employ both categorical and 
continuous data; (3) It converges well to the optimum (maxi-
mum) entropy; (4) The Maxent probability distribution has a 
mathematical definition; (5) Over-fitting can be prevented. 
Maxent estimates habitat favorability (as probability of pres-
ence) on a landscape according to observed presence points of 
species and the values of gridded environmental variables from 
files with equal pixel size and spatial extent. We ran Maxent 
with default parameters and the model produced a continuous 
output of habitat suitability values that range from 0 to 1, where 
0 is least suitable, and 1 is most suitable (Phillips et al. 2006). 

In order to produce a final distribution map with binary val-
ues (1 for predicted presence and 0 for predicted absence), a 
threshold value need to be determined, and the value was de-
termined through constructing a presence-absence confusion 
matrix or error matrix (Fielding and Bell, 1997). The error 
matrix was composed of 4 elements denoted by a, b, c and d. 
Where: a expresses true positive (recorded present, predicted 
present), b is false positive (recorded absent, predicted present), 
c false negative (recorded present, predicted absent) and d true 
negative (recorded absent, predicted absent); a and d are correct 
classifications; b represents omission error and c commission 
error. The threshold value was then determined through three 
sensitivity-specificity sum maximization (SSM) approach (Ji-
ménez-Valverde and Lobo, 2006). Our moving-search of the 
threshold values indicates that the threshold is 0.225 for SSM. 

To serve the threshold searching purpose, we field surveyed 93 
presence sites representing 93 pixels and 33 absence sites rep-
resenting 33 pixels. 
 
3. RESULTS AND DISCUSSIONS 
3.1 Validation of the Eq. (2) 
 

As mentioned before, 60% of observed data were used to re-
gress the coefficient in Eq. (2), and 40% were used to test the 
acceptability of the two coefficients, so we compared the value 
of interception modeled by Eq. (2) and observed during field 
work, the comparison was achieved through computing the 
mean absolute error (MAE), which is given by Eq. (3), where 

 mi  is the modeled value and  oi  the observed value. We also 
computed the determination of coefficient (R2) to measure how 
well the observed values are likely to be predicted by the Eq. 
(2). The corresponding calculation and Fig. 4 revealed that the 
mean absolute error and the determination of coefficient (R2) 
was 3.29 and 0.69 (p < 0.01), respectively. 
 

  
MAE = 1

n
mi ! oi

i=1

n
" = 1

n
ei

i=1

n
" .  (3) 

 
3.2 The response of interception to LAI and event rainfall 
 

The LAI ranged from 0.1 to 4.8 in the Qinghai spruce forest 
as shows in Fig. 2, the values are consistent with that of report-
ed by Zhao et al. (2009) as 1.0–3.7. Since the throughfall can-
not be observed when the event rainfall is less than 1.5 mm, so 
the rainfall events with lesser depth were excluded for the es-
tablishment of relationship between event rainfall and intercep-
tion. It can also be found that the rainfall events with more than 
32 mm of depth are rare (Peng et al., 2010), so these events 
were also excluded. The response surface of the interception to 
LAI and event rainfall is clearly reflected in Fig. 5: (1) the 
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interception ranged from 0.1–7.6 mm depends on the LAI and 
event rainfall, generally, the interception is positively correlated 
to LAI and event rainfall, with the increase of LAI and event 
rainfall from lower-left to upper-right corner, the interception 
also increased. (2) For a specific LAI, the more interception 
was observed at those areas with more annual rainfall, it is 
obvious that more rainfall may result in more water that could 
be intercepted by forest canopy, Komatsu et al. (2008) also 
reported similar pattern. For a given depth of rainfall, the more 
interception could be found at those areas with larger LAI. The 
increased interception may depend on the increase in leaf 
amounts, as shown in the relationship between interception and 
LAI that has been reported elsewhere (e.g., Park, 2000; Ko-
matsu et al., 2008). (3) The lower-right corner in Fig. 5 denotes 
the interception at those areas with higher LAI during small 
rainfall event, the dense isoline demonstrate that during these 
event, the relatively more water is needed to saturate the cano-
py of Qinghai spruce due to the more leaf amounts.  
 
 

 
 
Fig. 4. The relationship between observed interception and mod-
eled interception of event rainfall. 
 
 

 
 
Fig. 5. The response surface of the interception to LAI and event 
rainfall. The horizontal and vertical axis denote the gradient of LAI 
and event rainfall (mm), the interception (from low to high) is 
displays as colors from bluish to redish.  
 
 

We calculated the interception ratio of rainfall events in the 
Qinghai spruce forest, the ratio ranged from 11–51% with a 
mean value of 27.02%, which is comparable to literature, i.e., 

Llorens et al. (1997) reported 15–49% interception by conifers 
in a Mediterranean mountainous area. The similar result was 
also obtained during the interception loss study which was 
conducted at boreal forest at Siberian (Toba and Ohta, 2005). In 
this study, the interception ratio converged to ~20% when the 
depth of rainfall reaches 20 mm, the same results has been 
displayed in Crockford and Richardson (2000), where for the 
pine plantation, the interception ratio reaches ~20% when the 
rainfall exceeds 20 mm, but for Eucalypt forest, the ratio con-
verged to ~10% when the rainfall exceeds ~12 mm, the differ-
ence was allocated to the impact of discontinuity (dry gaps) on 
interception. Although the constant ratio also existed in the pine 
and larch forest in Siberia and pine and oak forest in Japan, but 
the ratio (i.e., 20%) can only be observed when the rainfall 
reaches 40 mm, and regardless the forest structure and climate, 
as reported by Toba and Ohta (2005). 
 
3.3 The regional estimation of interception 
3.3.1 The validation of the estimation strategy 
 

As mentioned before, since the characteristics of event rain-
fall (including the depth, the duration and the number of events) 
at each pixel within the study area cannot be confidently ob-
tained, estimating the mean annual interception through sum-
ming up all the event rainfall interception is impossible, as a 
result, we constructed the relationship between specific LAI 
level (i.e., Ai) and average interception ratio (i.e., ai%) as shown 
in Table 1, and assuming that totally ai% of annual rainfall is 
intercepted for a given LAI. The rationality of the assuming is 
that when construct the correspondence relationship, the aver-
age interception ratio was obtained based on observed intercep-
tion data, and furthermore, different depths of rainfall events 
were included. We also validated the estimation strategy 
through comparing the measured and estimated interception as 
shows in Table 2 and Fig. 6, where the gross rainfall between 
May to October was measured during filed works, the actual 
interception was recorded use the methods mentioned before 
(i.e., section 2.3.2), the estimated interception was obtained by 
applying the average interception ratio to the measured gross 
rainfall. The validation was achieved by computing the MAE 
and coefficient of determination between measured and esti-
mated interception, the corresponding result was 9.8 mm and 
0.53 for MAE and R2, respectively. 
 
3.3.2 The actual interception 
 

Total annual rainfall in the study area ranged from 99 mm to 
576 mm as shows in Fig. 7, relatively larger annual rainfall was 
observed at southeast part of the study area, and the annual 
rainfall decreasing from southeast to northwest. We calculated 
the total annual rainfall which falls above the Qinghai spruce 
forest and the corresponding calculation gives us a totally of 
488 Mt. In order to estimate the actual interception, we firstly 
assigned the interception ratio to each pixel which distributed 
by Qinghai spruce, the interception ratio was based on the 
constructed relationship between interception ratio and LAI. 
Then cooperated the annual rainfall with corresponding inter-
ception ratio, the total rainfall that could be intercepted by 
canopy of Qinghai spruce forest can be estimated. Subsequent-
ly, by sum up the interception at each pixel, the total actual 
interception could be calculated. Such strategies gives us a 
totally 147 Mt of rainfall that could be intercepted by canopy of 
Qinghai spruce forest. Divide the 147 Mt of intercepted water 
by the total rainfall of 488 Mt, the total interception ratio of 
30.12% at the entire study area was obtained.  
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Table 2. The observed and estimated interception characteristics at four study sites. 
 

Study sites Gross rainfall (mm, May 
to October) 

Actual interception 
(mm) 

Actual interception 
ratio (%) 

Estimated intercep-
tion (mm) 

Estimated interception 
ratio (%) 

Dayekou 353.7 91.7 25.93 90.9 25.70 
Guantan 321.3 76.1 23.68 91.4 29.45 
Sidalong 336.6 101.0 30.00 92.6 27.51 
Wushaoling 387.6 110.3 28.46 125.1 32.28 
 

 

 
Fig. 6. The relationship between observed interception and mod-
eled interception of annual rainfall at four study plots. 
 
3.3.3 The potential distribution of Qinghai spruce 
 

Based on Maxent model and environmental variables (nine-
teen climate layers from worldclim data set, topographic wet-
ness index and annual solar radiation), the potential distribution 
of P. crassifolia in Qilian Mountains was estimated. Compare 
the potential distribution with the actual distribution revealed 
that almost 60% of Qinghai spruce has been deforested. At 
northwest part of the study area, the potential distribution is 
similar with actual distribution. The most severe disturbance 

was actually occurred at middle and southeast portion of the 
study area, at middle part of the study area, nearly 70% of the 
Qinghai spruce forest has been deforested. At southeast part, 
the actual distribution account for less than 50% of potential 
distribution (Xu et al., 2011). Zhao et al. (2010) reported that 
the forest land has been transformed to farmland and grassland 
at these two part of the study area. 
 
3.3.4 The potential interception 
 

The aforementioned relationship between the annual inter-
ception and the independent variables (i.e., annual rainfall and 
LAI) are now ready to be applied to quantification of mean 
annual interception in the potential distribution Qinghai spruce 
forests. Specifically, annual rainfall was a layer (i.e., layer 12) 
from worldclim data set, the LAI, as mentioned before (i.e., 
section 2.4), need to be reassigned at those potential (actually 
not distributed but predicted to be suitable for study species) 
distribution areas of Qinghai spruce, the LAIMODIS value were 
actually not the reasonable value because the surface coverings 
were predicted to be replaced by Qinghai spruce forest and the 
LAI value may change, so during the estimation of interception 
in the actually not but predicted to be distributed areas of Qing-
hai spruce, the average value of LAI of actual distribution of 
Qinghai spruce forest was used. Similar to the estimation of 
actual interception, we firstly assigned the interception ratio to 
each pixel. Then cooperated the annual rainfall with corre-
sponding interception ratio, the total rainfall that could be inter-
cepted by canopy of Qinghai spruce forest can be estimated. 
Finally, by sum up the interception at each pixel, the total actu- 

 

 
 
Fig. 7. The annual rainfall in the study area.  
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al interception al could be calculated. Such estimation gives us 
a totally 407 Mt of rainfall that might be intercepted by canopy 
of Qinghai spruce forest. Divide the 1332 Mt of intercepted 
water by the total rainfall of 488 Mt (at the actual and potential 
distribution area of Qinghai spruce), the total interception ratio 
of 30.56% at the entire study area can be obtained. 
 
3.4 Source of uncertainty 
3.4.1 Stem flow 
 

The stem flow was commonly being considered account for 
only a small proportion of the rainfall, and some time was not 
measured (Crockford and Richardson, 2000; Dunkerley, 2000; 
Link et al., 2004), but large variation in stem flow was also 
reported. As to the coniferous forest, the large variation of 
proportion of stem flow to rainfall warrant special care. For the 
Sitka spruce, 12.6% of rainfall reaching the ground as stem 
flow (Anderson and Pyatt, 1985), during an interception study 
conducted at Pinus Pinaster forest, the stem flow was measured 
to be 1% of rainfall (Gash et al., 1995). Li et al. (2006) reported 
that the stem flow accounted only 0.07% of rainfall in Abies 
faxoniana forest. In this study, we neglected the stem flow 
when estimating the canopy interception at Qilian Mountains, 
but the literature related to stem flow of Qinghai spruce suggest 
that the neglect may cause variation in the amount of water that 
could be intercepted by canopy of spruce forest. For example, 
Chang et al. (2002) reported that the stem flow account for 
0.51% of rainfall and the stem flow can be observed only when 
rainfall is larger than 12 mm, but Dang et al. (2005) argued that 
the stem flow account for less than 0.1% of the rainfall. Based 
on totally 83 rainfall events and related investigation, Zhang et 
al. (2007) demonstrated in their research that the stem flow may 
reaches 2.24% with respect of rainfall in Qinghai spruce forest, 
and the stem flow happens when the depth of rainfall event 
reaches 13.60 mm.  
 
3.4.2 Cloud interception 
 

A large canopy surface area can intercept a substantial frac-
tion of rainfall, reducing the volume of water that falls directly 
to the ground, correspondingly, a large canopy surface also 
increases leaf area available for cloud interception (Holder, 
2004). In both the presence and absence of rainfall, cloud inter-
ception can increase throughfall not only through direct addi-
tion of water to canopy surface but also by reducing evapora-
tion from the canopy; when fog is present, high relative humidi-
ty and decreased solar radiation reduce evaporative demand 
(Eugster et al., 2006; Ritter et al., 2008). Predicting the extent 
and significance of cloud interception is difficult because 
weather and forest structure have varying effects on forest 
hydrologic processes (Baruman et al., 2010). In the present 
study, we did not considered the cloud interception, but accord-
ing to Bruijnzeel and Hamilton (2000), cloud interception may 
increases throughfall to 80–100% of rainfall, so the cloud inter-
ception need to be studied in the future in order to reliably 
estimate the contribution of forest canopy on the hydrological 
processes. 
 
3.4.3 The annual and growing season rainfall 
 

As mentioned before, the rainfall and interception data used 
in this study were collected during growing season of Qinghai 
spruce, which is actually from May to October, then based on 
the relationship between LAI and interception ratio, we esti-

mated the annual interception by applying the interception ratio 
to annual rainfall, in doing this, the snow interception during 
winter was actually replaced directly by rainfall interception, 
although the rainfall during growing season (i.e., May to Octo-
ber) account for 90% of annual rainfall, such treatment was still 
problematic and may introduce another uncertainty of the pre-
sent study. As reported by Zhang et al. (2007), averagely 49.1% 
of the snowfall could be intercepted by forest canopy, but how 
much of the intercepted snow could be sublimated was still 
unclear. Pomeroy and Schmidt (1993) reported that in boreal 
forest, ~30% of snowfall could be sublimated. The similar 
result (30% of intercepted snow was sublimated) was also 
confirmed in boreal forest canopies (Pascal and Dennis, 2002) 
and sub-alpine forest (Molotch et al., 2007). In the present 
study, uncertainty might be induced by applying the intercep-
tion ratio (which is related to LAI, ranged from 11–51% with 
average of 27.02%) to annual rainfall, in doing so, the sublima-
tion ratio was actually displaced by interception ratio during 
snowfall event in winter. 
 
4. CONCLUSIONS 
 

In the present study, we firstly predicted the potential distri-
bution of Qinghai spruce forest, we then estimated the actual 
and potential canopy rainfall interception in the actual and 
potential distribution of the forest. Some of the conclusions are: 
(1) The interception ratio of rainfall events ranged from 11–     
–51% with a mean value of 27.02%; (2) Totally, 147 Mt of 
rainfall is intercepted by canopy of actual Qinghai spruce for-
est, the correlated interception ratio is 30.12%. In the projected 
potential distribution of the forest, totally 407 of rainfall will be 
intercepted and the interception ratio is 30.56%. (3) The rela-
tively coarse resolution during the potential distribution model-
ling of Qinghai spruce may introduced uncertainties, as a re-
sults, we suggest fine resolution need to be considered in the 
future plant potential distribution modelling related to hydro-
logical applications. 
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