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INTRODUCTION 

 To ensure the groundwater resources and the stability of 
forest under changing climate conditions, the water budget 
of forests is an essential topic today [1]. The interception rate 
is a major factor in the water balance [2, 3], because the 
annual evapotranspiration must normally be fewer than the 
annual rainfall [4]. Regressions of calculated seepage flow 
below the rooting zone and the amount of throughfall have 
been found to be remarkably constant [5]. A simple method 
to predict the amount of seepage water is the use of 
regression models between annual gross rainfall and net 
precipitation on the one hand and net precipitation and 
seepage flow on the other hand. Therefore the estimation of 
interception rates is a prerequisite for modeling the amount 
of seepage flow. 

 Large variation in pine interception has been observed in 
several studies [6-14]. In general, the amount of water that is 
intercepted has been found strongly depending on both 
climatic conditions and vegetation type and structure [15, 
16]. Several factors could explain the amount of interception 
on different scales. On a large scale, interception depends 
above all on climate factors [17] such as gross precipitation, 
rainfall intensity and duration [18], wind velocity [19], 
available evaporative energy and fog incidence [20]. On a 
regional scale, a major control of the interception loss is the 
vegetation type and tree species [13, 14]. Within tree species 
the interception loss is influenced by the canopy structure 
[21-23], stand density [24-26] and other stand parameters, 
determining the canopy’s capacity to store water 
temporarily. But the attempts from Peck & Mayer [13] to 
systematize the interception in forest stands in dependence of 
stand parameters only show no functional dependencies of 
general validity. However, comparisons among different  
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studies, often for the same tree species, were difficult 
because of the more or less different climatic conditions. 

 To predict the rainfall interception according to the 
climatic conditions and the vegetations characteristics many 
models have been developed empirically, physically or 
stochastically [15]. The models of RUTTER et al. [27] and 
GASH [28] described the process of rainfall interception 
satisfactorily and were integrated in revised or adapted 
versions in many simulation models for evaporation, soil 
water and stream flow (e.g. [29]). Both models however, 
require detailed input data, which limit application in 
general. Models like the RUTTER model must be checked 
with site specific throughfall data or in extreme cases even 
be calibrated, because the canopy drainage function involves 
empirical parameters that sometimes need to be optimized. A 
simplification of the RUTTER model especially for pine 
forests was developed by Mulder [2], but the data 
requirement is still higher than for the GASH model [30]. The 
interception model from Anders et al. [31] is a further 
development of existing approaches for process orientated 
modeling of interception, but this model also needs climatic 
information in daily resolution. Therefore there is a need for 
simple but effective models for the prediction of rainfall 
interception and net precipitation under a full range of 
management conditions for Scots pine forests in northern 
Germany. These models should only require easily-available 
forest inventory data and meteorological parameters, like 
annual sum of gross precipitation. Therefore this study has 
two objectives: 

(i) to point out the relationships between the net forest 
precipitation and interception loss and conventional 
forestry parameters such as stand density, tree height, 
and diameter at breast height for Scots pine stands. 

(ii) to develop a spatial modeling approach for predicting 
net forest precipitation using only stand and climatic 
variables. 
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MATERIALS AND METHODOLOGY 

Terms and Definitions 

 Before the description of data compilation and model 
development, a short definition of terms to be used is 
appropriate. The terms when partitioning of gross 
precipitation into throughfall and stemflow are defined as 
described in Fig. (1). 

 The net forest precipitation is defined here as the amount 
of rainfall transmitted below the canopy, originating from 
either dripping leaves or branches or from free throughfall. 
The amount of interception by the canopy including leaves, 
branches and stems, could be estimated by the following 
water balance equation: 

I = Pg (TF + SF)           (1) 

where I, Pg, TF and SF are interception, gross precipitation, 
throughfall and stemflow, respectively. Stemflow in pine 
stands generally represents a minimal proportion of gross 
precipitation [10, 32, 33], so we used the simplified equation 
(2) for every dataset when data of stemflow measurements 
are missing. 

I = Pg TF            (2) 

 However this simplified assumption could lead to 
uncertainties in very young stands with higher amounts of 
stemflow [34, 35]. 

Rn

Pg

Pc

TFr

I

SF
TFf

 

Fig. (1). Partitioning of water in a forest stand, acc. to Levia & 
Frost [36]. Pg is incident gross precipitation, Pc is precipitation that 
reaches the crown, I is interception, SF is stemflow, TFf is free 
throughfall, TFr is release throughfall, Rn is net precipitation. 

Data Compilation 

 Building on individual published investigations we 
assembled a database that includes information on field 
precipitation and canopy throughfall in Scots pine stands in 
the northern Germany lowlands. In the database we 
compiled published data from journals, book chapters and 
reports. Fig. (2) shows the 78 forest stands throughout the 
study area and the mean annual precipitation. For each stand 
we collected the different climatic and stand variables listed 
in Table 1. A few papers contained suitable information of  
the stand structure. In some cases supplementary  
 

informations were obtained from additional papers about the 
investigated stand. When the data of the stand basal area 
(BA) was missing, it is calculated using the diameter at 
breast height and the number of trees in the stand. If there 
was only information about the age and the stand height we 
used the Foresttools2 from Nagel [37] to estimate the 
diameter at breast height for the stands. If basal area and 
diameter at breast height were available we calculated the 
number of stems from these two stand parameters. 
Precipitation data for collection periods of less than one year 
were not included in the database. For more detailed 
information about the variables and data distribution see 
Table 2. 

 

Fig. (2).  Map of Germany showing locations of the 78 Scots pine 
stands in northern Germany lowlands. Precipitation data after: 
Hijmans et al. [38]. 

Statistics 

 Basic descriptive statistics, the arithmetic means (ma), 
medians (mm), standard deviations (sd), minimal (min) and 
maximal (max) values were calculated to describe the 
variability in interception data over the whole collection 
period for each stand and year. Also the coefficient of 
variation was estimated from ma and sd and expressed as %. 
To identify the most important stand variables affecting 
interception on stand and tree scale we applied correlation 
(Spearman) analysis to the restricted dataset. Spearman 
correlation coefficients (rSpear) were used because of non-
normal distribution [61]. In the subsequent chapters the 
significant correlations are given at a = 0.05* or a = 0.01**, 
respectively. Multiple linear regression (MLR) was then 
used to develop the models for predicting interception loss  
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Table 1.  General Description of the 78 Scots Pine Stands Included in this Study. LAT: Latitude; LONG: Longitude; Pg: Gross 

Precipitation; Rn: Net Precipitation; AGE: Mean Stand Age; STE: Number of Trees Per Hectare; DBH: Diameter at 

Breast Height; H: Mean Tree Height; BA: Basal Area 

 

Stand Characteristics 

NUM Sitename 
LAT 

dec (°) 

LONG 

dec (°) 

Observation 

Period 

Pg 

(mm) 

Rn 

(mm) AGE 

y 

STE 

n ha
-1

 

DBH 

cm 

H 

m 

BA 

m /ha 

Source 

1 Antlan 53.76 13.89 1988 520 352 44 n.d. n.d. n.d. n.d. [39] 

2 Rothmühl 53.62 13.90 1988 434 242 42 n.d. n.d. n.d. n.d. [39] 

3 Rothmühl 53.62 13.80 1988 456 303 36 n.d. n.d. n.d. n.d. [39] 

4 Rothmühl 53.62 13.79 1988 450 292 53 n.d. n.d. n.d. n.d. [39] 

5 Bucheheide 53.07 13.46 1987-1988 563 350 57 n.d. n.d. n.d. n.d. [39] 

6 Menz 53.13 12.99 1986-1988 620 438 66 n.d. n.d. n.d. n.d. [39] 

7 Menz 53.13 13.00 1986-1988 620 447 65 n.d. n.d. n.d. n.d. [39] 

8 Menz 53.13 12.97 1986-1988 620 334 30 n.d. n.d. n.d. n.d. [39] 

9 Menz 53.13 12.96 1986-1988 606 385 43 n.d. n.d. n.d. n.d. [39] 

10 Schwedt 53.11 14.18 1986-1987 594 416 45 n.d. n.d. n.d. n.d. [39] 

11 Schwedt 53.10 14.28 1986 473 335 39 n.d. n.d. n.d. n.d. [39] 

12 Chorin 52.88 13.83 1986-1988 717 461 106 n.d. n.d. n.d. n.d. [39] 

13 Chorin 52.86 13.90 1986-1988 723 485 106 n.d. n.d. n.d. n.d. [39] 

14 Finowthal 52.79 13.68 1986-1988 660 469 66 n.d. n.d. n.d. n.d. [39] 

15 Eberswalde 52.78 13.74 1986-1988 711 511 108 n.d. n.d. n.d. n.d. [39] 

16 Colbitz 51.96 11.68 1986-1988 601 373 42 n.d. n.d. n.d. n.d. [39] 

17 Colbitz 52.34 11.67 1986-1988 607 367 55 n.d. n.d. n.d. n.d. [39] 

18 Dolle 52.36 11.70 1986-1988 616 356 51 n.d. n.d. n.d. n.d. [39] 

19 Schmerwitz 52.13 12.49 1988 611 446 49 n.d. n.d. n.d. n.d. [39] 

20 Wittenberg 51.91 12.65 1986-1988 654 461 73 n.d. n.d. n.d. n.d. [39] 

21 Radis 51.77 12.48 1986-1988 659 431 43 n.d. n.d. n.d. n.d. [39] 

22 Radis 51.77 12.50 1986-1988 673 412 55 n.d. n.d. n.d. n.d. [39] 

23 Spremberg 51.55 14.41 1986-1987 657 440 64 n.d. n.d. n.d. n.d. [39] 

24 Spremberg 51.58 14.43 1986-1998 660 457 45 n.d. n.d. n.d. n.d. [39] 

25 Fahlenberg 52.40 13.70 1997-1998 619 392 31 4300 n.d. n.d. n.d. [40] 

26 Fahlenberg 52.40 13.70 1997-1998 619 449 31 2300 n.d. n.d. n.d. [40] 

27 Fahlenberg 52.40 13.70 1997-1998 619 476 31 1000 n.d. n.d. n.d. [40] 

28 Fahlenberg 52.40 13.70 1997-1998 619 380 31 6300 n.d. n.d. n.d. [40] 

29 Dübener Heide 51.77 12.52 1993 811 645 n.d. n.d. n.d. n.d. n.d. [41] 

30 Dübener Heide 51.77 12.52 1993 884 586 n.d. n.d. n.d. n.d. n.d. [41] 

31 Dübener Heide 51.77 12.52 1993 903 549 n.d. n.d. n.d. n.d. n.d. [41] 

32 Dübener Heide 51.77 12.52 1993 962 672 n.d. n.d. n.d. n.d. n.d. [41] 

33 Dübener Heide 51.77 12.52 1993 856 592 n.d. n.d. n.d. n.d. n.d. [41] 

34 Dübener Heide 51.77 12.52 1993 836 573 n.d. n.d. n.d. n.d. n.d. [41] 

35 Rösa 51.60 12.50 1994-1995 708 525 61 935 20.7 16 34 [42, 43] 

36 Taura 50.90 12.80 1994-1995 842 602 45 853 20.6 18 28 [42, 43] 

37 Neuglobsow 53.20 13.00 1994-1995 738 507 65 1043 21 20.1 36 [42, 43] 

38 Natteheide 53.10 12.43 1996/97 448 316 72 722 24.4 21.9 33.8a [44, 45] 
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(Table 1 continued) 

Stand Characteristics 

NUM Sitename 
LAT 

dec (°) 

LONG 

dec (°) 

Observation 

Period 

Pg 

(mm) 

Rn 

(mm) AGE 

y 

STE 

n ha
-1

 

DBH 

cm 

H 

m 

BA 

m /ha 

Source 

39 Beerenbusch 53.14 12.97 1996/97 471 326 67 594 29.6 25.7 33.8a [44, 45] 

40 Weitzgrund 52.19 12.56 1996/97 456 327 87 725 24.7 21.1 34.7 a [44, 45] 

41 Neusorgefeld 51.80 13.57 1996/97 550 355 75 656 27.2 24 34.2 a [44, 45] 

42 Schwenow 52.14 14.01 1996/97 540 389 78 504 29.4 24.4 34.2 a [44, 45] 

43 Britz 52.88 13.80 1992-99 633 377 27 3001 10.9 12.8 28 [22] 

44 Britz 52.88 13.80 1995 658 481 77 720 n.d.. n.d. n.d. [46-48] 

45 Kienhorst 95 52.97 13.65 1995 660 441 70 916 22.7 21.1 37 [46-48] 

46 Kienhorst 52.97 13.65 1996/97 514 397 90 371 33.7b 25.5 33 a [44, 52] 

47 Lichterfelde 52.51 11.52 1995 695 494 81 770 20.2 18 24.6 [46-48] 

48 Kahlenberg 52.75 13.76 n.d. 600 408 84 670 25.3b 27.4 33.8a [49] 

49 Eberswalde 52.83 13.84 1996-1999 532 389 95 369 33.5 23.1 32.5 a [50] 

50 Schipkau 51.51 13.87 1996-1998 723 379 22 11899 n.d. n.d. n.d. [51] 

51 Plessa 51.49 13.64 1996-1998 709 463 62 1003 n.d. n.d. n.d. [51] 

52 Bärenbrück 51.81 14.45 1996-1998 851 390 16 7375 n.d. n.d. n.d. [51] 

53 Meuro 51.52 13.96 1996-1998 754 346 20 12840 n.d. n.d. n.d. [51] 

54 Domsdorf 51.57 13.45 1996-1998 662 409 34 3247 n.d. n.d. n.d. [51] 

55 Köpenicker W. 52.38 13.63 1996/97 465 353 90 572 25.2b 17.3 29.2 a [44, 52] 

56 Grunewald J. 63 52.50 13.20 1987-1988 620 455 40 n.d. 14 15 n.d. [53] 

57 Grunewald J. 63 52.50 13.20 1996/97 436 363 50 980 20.2b 19.1 31.4a [44, 52] 

58 Grunewald J. 91 52.50 13.20 1987-1997 543 432 140 208 34.1b 22.9 25.5a [52, 54, 55] 

59 Holdorf 52.56 8.09 1996-1999 690 477 50 1000 22.5 15 39.8 a [56] 

60 Holdorf 52.56 8.09 2002 754 495 60 600 22.5 15 23.9 a [12] 

61 Sandkrug 53.02 8.29 1996-1999 713 497 52 900 22.5 17 35.8 a [56] 

62 Sandkrug 53.02 8.29 2002 758 490 65 650 22.5 17 25.8 a [12] 

63 Xanten 51.67 6.35 1982/1983 810 566 55 410 22.5 30 29 a [57] 

64 Haard 1 51.69 7.26 1981/1983 854 559 82 578 25.7 17.4 30 a [57] 

65 Lüneburger H. 53.18 9.90 1980-1985 804 618 100 338 22.4 29.3 22.8 a [58] 

66 Harburg 53.40 9.97 1982-1983 688 408 60 n.d. n.d. n.d. n.d. [59] 

67 Sellhorn 53.17 9.88 1982 782 582 106 n.d. n.d. n.d. n.d. [60] 

68 Segeberg 53.94 10.10 1973/1977 692 460 31 1737 15.5 14 33 a [20] 

69 Kleve 51.69 6.38 1996/97 601 454 62 516 27.9 20 31.3 a [44, 52] 

70 Laußnitz 51.25 13.88 1996/97 711 460 90 669 n.d. n.d. n.d. [44, 52] 

71 Augustend. A1 52.91 7.86 2002 825 440 15 4125 8.1b 7 21a [12] 

72 Augustend. A2 52.91 7.86 2002 825 418 28 3100 10.2b 11 25.1 a [12] 

73 Augustend. A3 52.91 7.86 2002 825 616 29 2400 12.2b 14 28.1 a [12] 

74 Augustend. W2 52.91 7.86 2002 825 571 60 550 27 b 20 31.6 a [12] 

75 Augustend. W1 52.91 7.86 2002 825 590 60 533 27.5b 20 31.6 a [12] 

76 Augustend. A4 52.91 7.86 2002 825 611 123 220 39.7b 21 27.2 a [12] 

77 August. BDF 52.91 7.86 1996/97 630 479 60 652 24.3b 17.9 30.3 a [44, 52] 

78 Meißendorf 52.72 9.86 1996-1999 692 456 62 900 27.5 20 53.5 [56] 

n.d.: not determined; a: estimated from number of trees and diameter at breast height; b: estimated with Foresttools2 [37]. 
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and net forest precipitation. Our underlying principle was to 
develop predictive models that could not only offer accurate 
(high adjR  values) and exact (low standard error of the 
estimate) estimates of interception for specific stand and 
weather conditions, but that would also use predictive 
variables that were easily and widely available. This would 
enable the models to be easily applied to other sites. 

Derivation of the Regression Model 

 Based on the assembled database it is possible to develop 
a multivariate linear regression (MLR) model. However, 
without any functional biological or physical explanation in 
such a model, the transfer of model results and model 
formulation to other regions and stands will be restricted. So 
our model formulation is somewhat different from a 
common MLR model. At various hydrological models the 
modeling of interception will be carried out in two steps 
mostly comparable to the RUTTER model. In a first step the 
fraction of precipitation that reaches the crown (Pc) is 
calculated as: 

Pc = Pg (1 fTFf )            (3) 

where Pg is the gross precipitation, and fTFf is the fraction of 
the precipitation that directly reaches the soil surface. In a 
second step the actual interception is calculated, depending 
on the energy supply and the water, which is stored in the 
canopy. Simplified we can say that the canopy storage 
capacity and the canopy cover fraction are responsible for 
differences in throughfall and interception loss under 
comparable climatic condition. Therefore the model 
formulation is based on the assumption that there is a 
relationship between the needle mass of a specific tree and 
the canopy water storage capacity [62]. In practice it is 
almost not possible to measure net precipitation or 
interception at the tree level from field experiments. In 
contrast, in forest models, the stand parameters are usually 
determined at the tree level (e.g. BWIN or SILVA: [63, 64]). 
Therefore, to make this model also applicable to forest 
growth models, the part of the literature data that contained 
information about the number of trees, the net precipitation 
and the interception stand level values were simply divided 
by the number of trees. 

 The relationships between the needle mass and the 
parameters of a single tree are generally assumed to have the 
allometric form [65]: 

y = b0 xb1             (4) 

where y stands for aboveground biomass, like the needle 
mass (nm), and x is a variable for stand parameters such as 
diameter at breast height (DBH) or tree height (H). This 
allometric function has been shown to predict foliage 
biomass by many studies [66-71]. In many cases these two 
variables are often combined to a single variable (BHD H). 
However the relationship between DBH or H and tree 
foliage biomass may sometimes be more complex. Another 
allometric model after Crow [68] is more flexible then the 
BHD H. 

nm = b0 BHDb1 Hb2            (5) 

 After a logarithmic transformation of this equation, it 
could be used in a multiple linear regression analysis: 

ln nm = lnb0 + b1 ln(BHD) + b2 ln(H )          (6) 

 Based on the assumption that there are approximately 
linear relationships between the open field precipitation and 
interception [8] on the one hand and between the crown 
cover fraction and the interception [31] on the other hand, we 
formulated the following models for net forest precipitation 
and interception loss. 

ln Rn = lnb0 + b1 ln(BHD) + b2 ln(H )

+ b3 ln(CF) + b4 ln(Pg ) + e
         (7) 

where Rn is the net forest precipitation, DBH the diameter at 
breast height, H the tree height, CF the crown cover fraction 
and Pg the gross precipitation. 

 The intercepted precipitation (I) can be expressed as an 
own model in the same way: 

ln I = lnb0 + b1 ln(BHD) + b2 ln(H )

+ b3 ln(CF) + b4 ln(Pg ) + e
         (8) 

or as the difference between gross precipitation and net 
forest precipitation from equation 2. 

Table 2.  List of variables, their Abbreviations and Range for the Stands Used in this Study. Declaration: ma: Arithmetic Mean, 

mm: Median, min: Minimum, max: Maximum 

 

Variable Unit ma mm min max n 

gross precipitation [Pg] mm 665 646 399 1002 161 

net forest precipitation [Rn] mm 447 440 242 737 161 

interception [I] (=Pg-Rn) mm 218 211 59 524.7 161 

interception [IP] % 32 31 15 59 161 

tree age [AGE] a 65 60 15 140 155 

number of stems [N] n·ha-1 2048 900 208 12840 93 

tree height [H] m 20 20 7 30 69 

diameter at breast height [DBH] cm 25 23 8.1 40 70 

stand basal area [BA] m  31 31 21 53 67 
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 The upscaling from single tree to stand level will be done 
by the amount of trees in the stand. For the model 
parameterisation there is a need of information about the 
crown cover fraction (CF) for the different stands in this 
study. The CF is: 

CF =
CA

SA
 [m2 · m-2]          (9) 

where CA is the crown area and SA is the area of the stand. 

 The CA for the stand was calculated from the maximum 
crown radius (Cr) in meters and the number of trees (N) in 
the stands: 

CA = Cr2 N  [m ]         (10) 

 Pretzsch et al. [64] provided a relationship between the 
crown radius and tree height (H) and diameter at breast 
height (DBH). Using their parameters we get the following 
function for the estimation of the crown radius for a single 
tree: 

Cr = exp

0.5515 + 0.6468 ln(DBH )

0.0062 H + 0.1904 ln
H

DBH

[m]      (11) 

RESULTS AND DISCUSSION 

Variability and Correlations 

 There was considerable variation in measured intercept-
ion loss between the stands from the literature. The 
coefficient of variation calculated across all stands and years 
was 35.7%. The frequency distribution of the interception 
loss in percent of gross precipitation is comparable to an 
curve of normal distribution (see Fig. 3). The lowest 
interception loss in one year (59 mm) was found in the oldest 
stand (140 years) and the highest (525 mm) in a 16-year-old 
stand. These observations indicate that under comparable 
climatic conditions, the stand properties were very important 
in determining interception at any particular site. 

 Using the dataset, interception was significantly (p < 
0.05) correlated with most of the variables which were 
included in this study (Tables 2 and 3). No significant 
correlations were only found between interception and basal 
area on stand level and interception and gross precipitation 
on single tree level. On stand level the interception loss 

shows a very strong positive correlation to the number of 
trees in the stand. This effect of thinning is often described in 
the literature [24, 72-74]. The strong negative correlation 
between the volumetric variables (H and DBH) and the 
interception loss on stand level is not of a plausible 
functional explanation. It could be the result from an 
correlation between the volumetric variables and the number 
of stems in a stand. The correlation analysis for the single 
tree level showed the strongest correlation with the number 
of stems in the stand and the crown cover fraction. These 
were parameters known to describe the free throughfall 
(TFf). Parameters which describe canopy biomass (DBH, H 
or AGE) and therefore the storage capacity of a tree, showed 
also very strong correlations with the interception loss. This 
positive correlation indicates that the approach to model the 
interception and the net precipitation from single tree level is 
functionally justified. 

 

Fig. (3).  Frequency distribution of annual interception rates of 78 
stands in northern Germany lowlands. Note that one stand could 
have many years with throughfall measurements. 

Interception and Net Precipitation Models 

 The simple correlations discussed above indicated the 
most important factors, explaining interception individually. 
Indeed, simple regression models could have been used to 
predict interception and net precipitation adequately, for 

Table 3.  Spearman Correlation Coefficients Between Interception Loss and Gross Precipitation and Various Stand Characteristics 

on Stand and Single Tree Level 

 

Stand Level Single Tree Level 
Variable Unit 

rSpear n rSpear n 

precipitation (P) mm 0.638** 161 0.039n.s. 93 

age (AGE) y -0.441** 155 0.828** 93 

stem number (N) n·ha-1 0.632** 93 -0.904** 93 

basal area (BA) m ·ha-1 0.166n.s. 67 -0.469** 67 

diameter at breast height (DBH) cm -0.489** 69 0.565** 67 

height (H) m -0.449** 69 0.605** 67 

crown cover fraction (CF) m ·m-2 0.550** 67 -0.805** 67 
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example with the stand age. But to obtain a higher degree of 
explanation the effects of several variables need to be 
included. We used a regression analysis to explore the 
formulated models in equation 7 and 8. Naturally the models 
and the individual variables had to be statistically significant 
(p < 0.05), but also had to have a high adjusted-degree of 
explanation (adjR ) value and randomness in the residual. The 
models that agree with these criteria are presented in Table 4. 

 For the direct interception loss of a single tree, the model 
with the highest adjR

2 and the lowest standard error of the 
estimate was model 1, using the variables gross precipitation, 
diameter at breast height and the crown cover fraction. The 
tree height was excluded when developing this model, 
because its relationships were not significant. The 
interception values predicted with model 1 are plotted vs the 
measured values in Fig. (4). 

 

Fig. (4). Relationship between predicted and measured interception 
loss using gross precipitation and stand parameters (model 1, Table 
4). 

 The model 2 had the highest adjR  values and the lowest 
standard error for estimating the net precipitation in the 
stand. Beside the gross precipitation the model is using 
diameter at breast height, tree height and the crown cover 
fraction. However there was only a little reduction in the 
adjR  value when tree height was excluded from the  
 

 

Fig. (5).  Relationship between predicted and measured net forest 
precipitation using gross precipitation and stand parameters (model 
2, Table 4). 

regression model. The amount of net precipitation estimated 
with model 2 is plotted against the measured values for net 
precipitation in Fig (5). There is also no systematic deviation 
between modeled and measured data. However, it should be 
taken into account, that even small changes in the breast 
height diameter have considerable impact on the modeling 
results. But also the quality of the developed models 
dependents on the quality of the forest inventory data, which 
were used for the model parameterisation. Measurements 
over a sufficiently long period in one stand automatically 
suffer the timeliness of the recorded inventory data. There 
are also uncertainties in the data of tree height. Often it is not 
safe whether the published data describes the mean tree 
height for a stand or the top height, for example. Other 
uncertainties may arise from the transformation of the 
allometric functions, since they could lead to a slide 
distortion of the values [75, 76]. Finally special climatic 
conditions (wind speed, available evaporative energy, fog 
incidence etc.) could lead to errors in predicting net 
throughfall interception. 

 In all models the diameter at breast height and the crown 
cover fraction were selected with the best fit. This is 
particularly helpful since the DBH is easily and rapidly  
 

Table 4. Selected Multiple Regression Models for Estimating Annual Interception Loss and Net Forest Precipitation for a Single 

Tree 

 

Model No. x Variable Coefficients 

lnI 
n Constant 

lnPg lnDBH lnH lnDBH H lnCF 
p adjR  

1 67 -13.126 1.294 1.034 - - -0.648 0.000 0.902 

lnRn   lnPg lnDBH lnH lnDBH H lnCF   

2 67 -10.419 0.926 0.988 0.208 - -1.083 0.000 0.990 

3 67 -10.110 0.934 1.064 - - -1.130 0.000 0.988 

4 67 -10.407 0.894 - - 0.424 -1.057 0.000 0.987 

Declaration: ln: natural logarithms; I: interception; Rn: net forest precipitation; Pg: gross precipitation; DBH: diameter at breast height; H: height; CF: crown cover fraction. 
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Fig. (6). Use of models for regionalization of net forest 
precipitation and interception with forest inventory data. 

measured in the field and the crown cover fraction could be 
estimated with equation 11 from DBH and H. With such data 
requirements the net forest precipitation into the stands can 
be estimated based on digital forest inventory maps and 
regionalized gross precipitation maps. For example, a spatial 
model application is shown in Fig. (6). By incorporating the 
models into spatially explicit forest simulation models, the 
effects of growing trees on net forest precipitation could be 
dynamically modeled and the results could be scaled up to 
the landscape level. 

CONCLUSIONS 

 For practical application, the data requirements of the 
developed models constitute an advantage. The attempt to 
create models requiring only stand characteristics that are 
routinely measured and easily available climate data (gross 
precipitation) has been successful. Number of stems, 
diameter at breast height and the crown cover fraction were 
the most important stand characteristic explaining the 
interception. The model was based on data from stands with 
very different stand parameters and therefore may be reliable 
when applied to stands with other stand parameters. Under 
the assumption that the climatic conditions in the 
investigated area are relative similar, the gross precipitation 
is taking into account as a predictive variable in the model. 
As with all regression models, applicability is restricted to 
climatic conditions represented by the basic data set. Hence, 
before the application of the models to other regions than the 
northern Germany lowlands, it should first carefully be 
tested. 
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