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5.. IDENTIFICATIO N OF RAINFAL L INTERCEPTIO N 

MODE LL  PARAMETER S FROM MEASUREMENT S 

OFF THROUGHFAL L AND FOREST CANOPY 

STORAGE* * 

ABSTRAC T T 

Thiss study aims at identifying the parameters of a rainfall interception model 

fromm throughfall and canopy storage measurements using PIAIIJ (Parameter 

/dentiheationn A/ethod based on the ƒ localisation or /nformation). It is shown 

thatt every rainfall event and both measurement rvpes contain different 

informationn with respect to the model parameters. The uniqueness of model 

parameterss turned out to be much better when identified from storage 

measurementss compared to throughfall measurements. Independent throughfall 

andd canopy storage measurements were both better predicted with parameters 

calibratedd on storage measurements. From throughfall measurements, 

exclusivelyy the interception fraction could be identified with comparable 

accuracyy as with canopy storage measurements. 

5.11 I N T R O D U C T I O N 

Interceptionn and evaporation of rainfall are important hvdrological processes in forest 

ecosystems.. In the past, several physically based (Gash, 1979; Rutter et al., 1971) and 

stochasticc models (Calder, 1986) were developed to simulate throughfall, evaporation and 

canopyy storage. New model extensions, based on these models, were suggested bv many 

authorss (Calder, 1996; Gash et al., 1995; Valente et al., 1997). 

Itt only long-term values of interception losses, measured over a range of storm sizes 

andd durations, are available only ven' simple models can be constructed with a minimum 

off  parameters (Calder and Hall, 1997). It is evident that a too complex model generates 

problemss lor the identification of unique parameters with high accuracy. It is also known 

thatt the identification of model parameters is far more dependent on the information 

contentt of the data than the amount of data (Gupta and Sorooshian, 1985; Gupta et al., 

1998;; Kucxera, 1982; Sorooshian et al., 1983; Yapo et al., 1998). A unique parameter set 

withh high accuracy is a prerequisite to understand the system, or to find transfer functions 
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thatt link these unique parameters to independently measured properties and to use the 

parameterss for extrapolation in time and space. Recently, a new Parameter /dentiheation 

.Uethodd based on the Localisation of information (PIMI J) (Musters and Bouten, 2000; 

Vrugtt et al., 2000) was developed to assess the information content ot measurements. The 

ideaa of this method is that each measurement in a time series contains a different amount 

off  information with respect to a specific model parameter. Only measurements with high 

informationn content are used to identify that parameter. 

Inn most studies, model parameters of a rainfall interception model were identified by 

usingg only throughfall measurement (Aboal et al., 1999; Jetten, 1996; Foustau et al., 1992). 

However,, other measurement types can also be used to identify these parameters. For 

instance,, Bouten et al. (1991) have used storage canopy measurements to identify the 

modell  parameters of a four-layer rainfall interception model and recently, Gash et al. 

(1999)) have measured evaporation from wet canopies with measurements using the 

combinedd eddy correlation/energy balance method. 

Throughfall,, canopy storage and evaporation processes are all dependent of each 

other.. If rainfall interception model parameters are identified from a time series in which 

alll  these three processes occur at the same time, then a dependency between the 

parameterss can be found. In this study, the uniqueness and accuracy of the rainfall 

interceptionn model parameters are assessed by using the information content of 

throughfalll  and canopy storage measurements. Therefore, a simple four-parameter mociel 

iss used. PIML.1 is applied to assess the criteria for selecting measurements with highest 

informationn content yielding unique parameter with high accuracy. Artificial simulated 

measurementss were used to first avoid problems with systematic errors. As soon the 

selectionn criteria are known for all parameters, true measurements were used to identify 

thee parameters. 

5.22 MATERIAL S A N D MEASUREMENT S 

Researchh site 

Thee research site, Speuld is located in a 2.5 ha Douglas fir forest stanci, in the central 

Netherlands,, near Garderen. The stand is dense with 780 firs ha-1 without understorey 

andd planted in 1962. Average tree height between is 18 m and the single sided leaf area in 

summerr ranges from 9.0 m2 m 2 to 12.0 m2 m - (Jans et al., 1994). The 30-year average 

rainfalll  is 834 mm v ' and is evenly distributed over the year. 

'i i i 



Measurements s 

Grosss rainfall was measured every 2.5 minutes just above the forest with two funnels 

withh a resolution of 0.02 mm rainfall, and additionally with one funnel in a large clearing 

0.88 km awav with a resolution of 0.05 mm of rainfall. Half-hourly measurements of 

meteorologicall  driving variables were measured by the Royal Meteorological Institute of 

thee Netherlands (KNMI ) (Bosveld et al., 1998) on a 36 meter high guyed mast to calculate 

thee potential evaporation (ho) (Monteith, 1965). Stemflow was never observed. 

Throughfalll  was measured even- 2.5 minutes with 11 automatic funnels (480 cm2) 

fromm July to September and with 18 automatic funnels from October to December. The 

coefficientt of variation (CV) of the throughfall measurements is large due to spatial 

variabilitvv between the funnels and decreases with the amount of throughfall (Figure 5.1). 

Butt even with mean weekly values, up to 70 mm throughfall, a minimum C\ ' of 20 % was 

found.. The measurement resolution of one funnel was 0.02 mm. Smaller values of 

throughfall,, plotted in Figure 5.1, were calculated by averaging the funnels. 

Waterr storage was measured using a microwave transmitter and receiver (Bouten and 

Bosveld,, 1991; Bouten et al., 1991) mounted in a hoist attached to towers standing 15 m 

apart.. Every half-hour six complete vertical scans were carried out during which 20 

measurementss per second were performed. From April to December 1989, the system was 

ioo > in 2 io : io"  IO 1 io2 

Throughfalll  [mm] 

Figuree 5.1: The coefficient of variation (CV) of the mean automatic throughfall measurements, 

averagedd over 0.25 hour, 1 hour, 3 hour, 1 day and 7 day. 
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operationall  tor about 88" n of the total time. Estimated measurement error on average 

half-hourlyy measurements was 0.04 mm (Bouten et al., 1996). 

Model l 

Boutenn et al. (1996) have modelled the canopy water storage by using a numerical 

multi-layerr interception model based on the Rutter Model (Rutter et al., 1971). In this 

study,, tor simplicity, a single-layer model was used. The water balance is calculated 

accordingg to: 

AVV = /-/w: (5.r 
A// V ' 

wheree .V (mm) is the water storage in the canopy, / (d) is time, D (mm d ') is drainage rate 

andd h (mm d ') is the evaporation rate. The water interception rate, I (mm d '), is 

calculatedd with: 

l=al=a  P (5.2) 

wheree a (-) is the interception efficiency parameter and P (mm d1) is the gross rainfall. It is 

assumedd that drainage only occurs if .V is larger than the storage capacity c (mm) and for 

simplicityy a linear threshold model was used: 

DD = b (S-c) (5.3) 

inn which b (d_1) is an empirical drainage parameter. 

Evaporationn rate is calculated with 

hh = d n()-\ (5.4) 

inn which d is an empirical evaporation efficiency and /;n is determined by (Monteith, 

1965): : 

/RBB + pcy?UJ+A V ,) ...^ 

wheree s the slope or the saturated water vapour curve, R,i the net radiation, p the density 

ott air, Cp the specific heat capacity of air, D the vapour pressure deficit, y the 



psychrometerr constant, ;̂ the aerodynamic resistance, ^ the excess resistance and A. is the 

latentt heat or" vaporisation. 

Thee model contains four parameters that must be identified. Bouten et al. (1996) 

foundd a yearly trend of the optimised <' model parameter, which reflects the biomass 

dynamics. . 

Parameterr  Identificatio n Method based on Localisation of Informatio n (PIMLI ) 

Thee identihcation of parameters is dependent on the properties of the data, meaning 

thatt parameter identification problems will not simply disappear with the availability of 

moree measurements. PIM1J was used to establish the criteria for selecting measurements 

withh highest information content yielding unique parameters with high accuracy (Musters 

andd Bouten, 2000; Yrugt et al., 2000). 'Artificial measurements' were simulated with a 

referencee set of parameters, deduced from Bouten et al. (1996), to first avoid problems 

withh systematic errors. In the identihcation procedure, PLMIJ uses the confidence interval 

(a)) of a measurement was used to discriminate between parameter sets, for which a 

simulationn does or does not fit a measurement. 

PIMLIPIMLI  is an iterative procedure. Before the iteration starts, a large number of 

parameterr sets is drawn from pre-set parameter ranges using the LatimHypercube method 

(McKayy et al., 1979). As a first step of the iteration, the model is run for all these 

parameterr sets. In the second step, at each measuring point, parameter sets are accepted if 

thee difference between the model result (y) and the measurement is smaller that a,. The 

informationn content (JC) of an individual measurement (/) with respect to a parameter (p) 

iss defined as: 

ICAP)^-ICAP)^-0101^  ̂ (5.6) 

wheree G(p); is the standard deviation of accepted parameter values at an individual 

measurementt and G(p)b is the standard deviation of the pre-set parameter range at the 

start.. The IC of a measurement varies with the parameter. A high IC.,(p') stands for a 

measurementt that yields a parameter estimate with high accuracy. 

Thee third step of PI.MLI is to find criteria that can be used to select conditions that 

leadd to a high IC,(p). In other words, we select conditions where the model sensitivity to a 

parameterr (dv/dpr) is high while the model sensitivity to the other parameters 
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(d\/d(f>j..(d\/d(f>j.. .ƒ>-/)) is low and the confidence interval of the measurement is small. Once a 

subsett with these specific conditions is localised for a specific parameter, the mean and 

standardd deviation of accepted parameter values are calculated. Then, in the fourth step, 

neww parameter sets are drawn with a normal distribution with this mean and standard 

deviation.. Hereafter the iteration starts again. As soon as the selection criteria are known 

torr all parameters, true measurements instead ot 'artificial measurements' are used and 

stepss two and three are bv-passed. The iteration is repeated until the standard deviation of 

thee parameter estimate no longer decreases. 

Parameterr  Identificatio n wit h throughfal l and canopy storage measurements 

Ass can be expected from equation 5.1-5.4, the throughfall, canopy storage and 

evaporationn processes and parameters can be separated in time. The ^-parameter can be 

derivedd from rainfall and throughfall or storage measurements and is independent of other 

parameterss if storage has not yet reached its saturation point (no drainage) and if IM is 

negligible.. As the measurement errors decrease with increasing precipitation, this means 

thatt the ^-parameter is best identified from measurements with low evaporation during 

night-timee and just before saturation. However, the maximum accumulated precipitation 

untill  the storage reaches saturation, is dependent on the lowest possible value of the c-

parameterr and the maximum value of the c/-parameter (P < cmtn I a max)- This means that 

onlyy measurements at the start of the event can be used for the identification of the a-

parameterr as long as the values of these two parameters are uncertain. 

Equationn 5.1 and 5.3 show that canopy water storage measurements reflect the c-

parameterr and are independent to drainage or evaporation in periods after heavy rainfall (P 

>> ('wax /(Jmiii) has ceased and when I'M is negligible. The difference between accumulated 

precipitationn and throughfall at that point determine the r-parameter. The uncertainty of 

thee parameter value is dependent on the ^-parameters, the uncertainty of the throughfall 

measurementt and the uncertainty of the evaporation. As the uncertainty of throughfall 

measurementss increases with higher precipitation amounts, events that are just large 

enoughh to saturate the canopy with minimal drainage are optimal for identification of the 

r-parameter. . 

Drainagee is only active it canopy storage is above saturation. Equation 5.3 shows that 

SS and c must be known to be able to identify the /'-parameter. With throughfall 

measurementss only, .V is not known and therefore /; can only be identified if storage 

measurementss are available. The /'-parameter is best identified at low I'M and high rainfall 
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intensities. . 

BYY the end of a rain event the difference between precipitation and throughtall equals 

thee sum of the storage capacity and the cumulative evaporated amount. The (-/-parameter 

alsoo determines the slope d.V/3/ in a drying time series. It can best be identified during 

conditionss without rain starting from the point that lu\ increases to a high lut. 

Att first, PIMU is applied on rain events with simulated throughfall and storage, 

calculatedd with the reference parameter set of Table 5.1. In this first step, the above 

hypothesess are tested, selection criteria are assessed and PIMU is used to find out if the 

referencee parameter set is retrieved. To calculate the IC)(p), 1000 parameter sets were 

drawnn within the parameter ranges of Table 5.1 (last 2 columns). The confidence interval 

forr the simulations was based on the function from Figure 5.1 for throughfall 

measurementss and 0.04 mm for storage measurements (Bouten et al., 1996). 

Tablee 5.1: Model parameters calculated by Bouten et al. (1996) tor 

totall  year and for Day Number of the Year (DOV) 258, 211. Last 

twoo columns are minimum and maximum values of parameters. 

averagee DO. 

aa 0.83 0.83 

bb (d1) 135 135 
cc (mm) 2.07-2.58 2.13 

dd 0.79 0J9 

Afterr the selection criteria are assessed and tested for all parameters, true 

measurementss of throughfall and canopy storage are used to identify the model 

parameterss and to calculate their accuracy. 

Finally,, the accuracies of model predictions {<5m(,del) are evaluated on the basis ot time 

seriess of measurements that were not used for the calibration. Model accuracies for both 

throughfalll  and canopy storage are calculated by drawing parameter sets within the 

parameterr ranges obtained by both throughfall and canopy storage calibration. 

5.33 RESULTS 

Accuracyy of the interception (a) and storage capacity (c) parameter  estimates 

Thee rain event during night at day number of the year (DOY) 257 has the best 

characteristicss to identify the parameters a and c. Figure 5.2A shows the cumulative 

LtOYLtOY 21 

0.83 3 

135 5 

2.50 0 

0.79 9 

11 min 

0.5 5 

1 1 

0.5 5 

0.1 1 

max x 

1 1 

1000 0 

5 5 

2.0 0 



precipitationn and the cumulative potential evaporation tor this period. Accumulated 

throughh fall and storage, simulated with the parameter set of Table 5.1 are shown in Figure 

5.2B.. For this reference simulation, the storage reached saturation (.V = i) at a cumulative 

precipitationn of 2.56 mm (Y / a). 

Thee first P1MLI iteration starts with the parameter ranges of Table 5.1. The JC(a) and 

JC(c)JC(c) of through fall measurements was calculated and plotted in Figure 5.2C (thick lines). 

Thee IC(a) increases to a maximum of 0.85, with a mean value of the ^-parameter ([i. tl) of 

0.833 and standard deviation (<T(/) of 0.0402. In the same iteration, the minimum value of 

thee ^--parameter range increases from 0.5 to 1.45 mm. As a result, the canopy storage 

reachess saturation at a cumulative precipitation of at least 1.7 mm [cmhi I a max}- At this point 

thee lC(a) equals 0.82, with ^,=0.83 and Orf=0.0456. In the second iteration of PIMIJ, IC(a) 

andd lC(c) were calculated again and plotted in Figure 5.2C (thin lines). The ^-parameter is 

bestt identified at a cumulative precipitation of 2.08 mm {cmj„  /ami]X), denoted as a dot in 

Figuree 5.2C. The ^-parameter is best identified after rain at the end of the period, also 

denotedd as a dot in Figure 5.2C. Final parameter estimates and accuracies are shown in 

Tablee 5.2. By using these artificial measurements, the original reference parameter values 

weree retrieved. 

Truee measured throughfalJ is shown in Figure 5.2D. From the simulations that fit 

withinn the (X of the two selected cumulative points, mean and standard deviations of the a 

andd ^-parameter were calculated (Table 5.2). Standard deviations of the model results and 

thee measurement accuracy arc plotted in Figure 5.2D. Parameter ranges are slightly larger 

thann obtained with the sensitivity- analysis as the C\' is higher at low cumulative 

throughfalll  amounts than used with the analysis of artificial measurements. 

Tabl ee 5.2: Mean parameter estimates (|i) and accuracy 

(G)) using artificial (artf) and true measurements (meas) 

forr DOY 258 for both throughtall and canopy storage 

calibration. . 

Throughfal l l 

aa 0.83 0.035 0.78 0.08 

cc (mm) 2.15 0.35 2.01 0.55 

Canopyy Storage 

aa 0.823 0.027 0.83 0.046 

cc (mm) 2.18 0.036 2.15 0.040 
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Figuree 5.2: Rain event at I)()\ 257: For explanations see text. Thick lines in (C) and (E) are first 

iteration,, dots are selected measurements and thin lines are second iteration. In (D) and (F), dots arc 

measurements,, line is model and dotted lines are G of model results. 

Withh the same rain event, the a and c parameters were also identified from storage 

measurements.. The lC(a) and IC(c) of the first PTMJ .1 iteration are plotted in Figure 5.2E. 

Thee K.(a) was calculated from the storage increase determined trom the start of the 

rainfalll  event. The confidence interval of 0.04 mm was doubled because two 

measurementss were now used. At a cumulative precipitation of 0.5 mm (cmj„/a max), the 

IC(a)IC(a) was 0.85, with a u.a = 0.825 and <5„  — 0.037. In the second iteration the maximum 

lC(c)lC(c) equalled 0.9"7 with u.c =2 .15 and Gc = 0.04. 

Thee best identification of the ^-parameter is reached at a cumulative precipitation of 

2.388 mm {cmm /amax). All measurements between a cumulative precipitation of 0.5 and 2.38 
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mmm were used to identify a. The best identification of c is achieved with measurements 

withoutt precipitation and with a low 7:'o of 4 mm d '. After DOY258.4 the \C(c) decreases 

duee to the increase of iui. Selected measurements are plotted in Figure 5.2F and results are 

shownn in Table 5.2. Again the original reference parameter values were retrieved. 

Forr these two selected periods, the parameter estimates and accuracies were again 

calculatedd with the true measurements (Table 5.2). Standard deviation of the model results 

aree plotted in Figure 5.2F. 

Accuracyy of the drainage (b) and evaporation efficiency (d) parameter  estimates 

Thee drainage parameter (/>) and evaporation efficiency parameter (d) were identified 

withh the rain event at DOY 211. Cumulative precipitation and potential evaporation are 

shownn in Figure 5.3A. Reference simulations of cumulative through fall and canopy 

storage,, again simulated with the reference parameters of Table 5.1, are shown in Figure 

5.3B.. In the first P1ML1 iteration, only information on the a and the ^-parameters was 

foundd from throughfall measurements (Figure 5.3C). However, due to higher drainage 

amounts,, the lC(c) was now much lower. 

i nn the second iteration, the IC(h) and JC(d) remained zero, even with the a and c 

accuracyy obtained from the first analyses. As expected from equation 5.3, /; cannot be 

identifiedd if S is unknown. At the end of the rain event, total simulated reference 

evaporationn was 2.96 mm while the measurement error of throughfall was 6.7 mm. ()n 

half-hourlyy basis, maximum Hu during rain was only 10 mm d ' while it can reach 80 mm 

dd '. Using equation 5.4 and assuming an S/c of 1.0 and 0.1<^<2, the evaporation was 

betweenn 0.02 and 0.41 mm for a half-hourly measurement and was lower than the 

measurementt error. Figure 5.3D shows the measured cumulative throughfall and model 

results.. It is showrn that the confidence interval for the measurements is even larger than 

thee model uncertainties, meaning that the initial parameter ranges of /; and d were chosen 

tooo small. 

Fromm canopy water storage measurements, however, far more information was found. 

Inn the first PIML1 iteration, information on the ^-parameter was found again during the 

wettingg stage of the canopy. Dots are plotted at the position with cumulative precipitation 

betweenn 0.5 and 2.4 mm, shown in Figure 5.3F. In the second iteration, the IC(c) was 

againn at its maximum after rain and with a low /;o of 4 mm d ' (around DOY 212.2). 

Measurementss that satisfy the criteria are plotted as dots in Figure 5.3F and results are-

shownn in Table 5.3. 
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Figuree 5.3: Rain event at DO) 211: For explanations see text. Figure (B), throughrall is divided 

byy 5. Lines in (C) are first iteration. In (D) and (F), dots are measurements, line is model and dotted 

liness are G of model results. 

Inn the third PIM1J iteration, information was found for /; and d, shown in Figure 

5.3E.. The IC(b) was at its maximum at periods with a saturated canopy and with 

precipitationn rates of more than 50 mm d ' for a half-hourly measurement. Measurements 

aree plotted as dots in Figure 5.3E. The IC(d) is at its maximum during the drying cycle of 

thee canopv storage and is calculated by AS, starting from the point that En is larger than 4 

mmm d . Halfway the drving cycle, at the maximum first derivative, the information is at 

itss maximum. Final parameter estimates and accuracy are shown in Table 5.3. Again, the 

referencee parameter values were retrieved. 

79 9 



Tablee 5.3: Mean parameter estimates (|i) and accuracy 

(G)) using artificial (artr) and true measurements (measj 

torr DOY 211 tor both throughfall and canopv storage-

calibration. . 

Jlanff  O mf | l m e < ls O n ,™ 

Throughfal l l 

(1.8155 0.055 0."8 0.08 

2755 0.96 2.60 1.05 

Canopyy Storage 

0.8233 0.027 0.83 0.046 

1355 15 170 52 

2.500 0.041 2.70 0.062 

0.799 0.025 0.96 0.15 

T ruee canopy storage measu remen ts are p lo t ted in Figure 5.4F. Wi t h the same 

select ionn criteria, the parameter ranges were calculated from true measuremen ts. Results 

aree s h o wn in Table 5.3 and in Figure 5.4F. T he measurements dur ing the wet t ing stage 

andd the steady state per iod, deal ing with the a and ^-parameters, fit  all wi th in the accuracy 

range.. However, dur ing the first drainage peak, the model can only fit  the measu remen ts 

wit hh u./, — 900 d ' and <5i, = 130 d1 , whi le the o ther two peaks can only he descr ibed with 

\xi>\xi>  — 170 d ' and <5b — 52 d '. I t is also shown that the simulated storage is lower than the 

measuremen tss at the end of the drying cycle. However, to fit  this part, \xd — 0.6 must be 

usedd while then large deviat ions were found halfway the drying per iod. 

M o d ell  eva lua t ion 

T hee parameter sets pihnm  ̂ ob ta ined from throughfall measuremen ts, and p.t/or, 

obta inedd t rom storage measuremen ts, are bo th evaluated on a t ime series of 

measurementss conta in ing 389 half-hourly measurements between DOY 238 and 285. A 

l inearr decreasing trend of the ( -parameter between the calibrated values at / X ) V 211 and 

2588 was used (Bouten et al., 1996)). Accumulated throughfall is pred ic ted with bo th 

parameterr sets. Small dif ferences in model per fo rmance were found, result ing for/)//,,-,,,,,,/, in 

R-- = 0.664 and \or pi/0, in R- = 0.684. T he model error (Ow,ui</),  calculated as the mean G at 

thee end ot the per iod was 10.6 mm with /V/W^A and 4.2 mm with , while the 

so o 

hh (d i; 

cc (mm) 

d d 

bb (d' ) 

cc  (mm ) 

d d 



measurementt error (GWtM) was 10.3 mm. This means that the model with psf0r can estimate 

throughfalll  more accurately than as it was measured. However, due to the dominating 

Qnivas-,Qnivas-, the model performances were almost equal. Canopy water storage was also predicted 

forr the same period. Large differences in model performance were found, resulting for 

pthmwihpthmwih in R2 = 0.825 and for p,t l i r in R2 = 0.912. The Omwy for pthrcmAb is 0.42 mm and for 

pstor'ispstor'is 0.12 mm. 

5.44 DISCUSSION 

Ass shown in the above analysis, parameters can be estimated more accurately with 

storagee measurements. From canopy storage measurements, Bouten et al. (1996) found a 

yearlyy trend of the calibrated c-parameter following the biomass dynamics. With 

throughfalll  measurements, however, this trend can never be established. In the total data 

sett of 158 days, only six suitable rain events with a cumulative precipitation between 2.5 

andd 4.0 mm were found. The p., of these events ranges from 1.55 to 2.75 mm with a mean 

<5<5 (( of 0.65, while a yearly trend was not found. 

Inn summary, throughfall measurements have limited information. In fact, only the a-

parameterr range was identified with satisfying accuracy. As Calder and Hall (1997) pointed 

out,, only a very- simple model, in this case a one-parameter model, can be used if only 

throughfalll  measurements are available. Therefore, all model parameters of drainage and 

evaporationn functions from studies with only throughfall measurements must be taken 

withh care due to the problems of non-uniqueness of the parameters. It seems to be 

prematuree to compare parameter estimates of different species, that were obtained by 

throughfalll  measurements only (e.g. Hertwitz, 1985; Klaassen et al., 1998; Rutter et al., 

1975;; Valente et al., 1997) or to develop models with more parameters. 

Thee throughfall measurements obtained with funnels have a too low accuracy to 

assesss the four model parameters. Lundberg et al. (1997) have therefore developed a new 

measurementt approach, with weighing troughs, with an accuracy of 0.1 mm and a time 

resolutionn of 1 minute. Using the same analysis of artificial data, an equal result of the a-

parameterr (Gt, ~ 0.035) and a much better result of the r-parameter ((J(- = 0.043) are found 

forr DOT 258. To identify evaporation, the end of the rain event of DOY 211 was used. 

Usingg the uncertainties in the other parameters, d can be reduced to \xa' = 0.80 and Gj -

0.053.. This uncertainty is still twice as high as found with storage measurements due to the 

correlationn with the b and «'-parameters, while b can still not be identified. 
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Withh PIAII.l, the uniqueness and accuracy of the parameters was identified bv 

analysingg individual periods. As a result, specific positions, for instance the first drainage-

peakk at DO) 2\ 1 and the evaporation period, can be marked and be used to improve the 

model.. For the evaporation function it can mean that the linear decrease ,V/c may not be 

correct.. However, using a classical calibration, based on the best tit or the total data set, 

systematicc model errors can be compensated by the calibration. Therefore, the 

discrepanciess at individual points are much more difficul t to interpret. 

5.55 C O N C L U S I O NS 

Thiss study shows that even' measurement of through hill or canopy water storage has 

aa different information content to identify each of the parameters of a rainfall interception 

model.. From through tall measurements, only the interception fraction could be identified 

withh comparable accuracy as with canopy storage measurements. The best identifications 

off  the interception fraction and the storage capacity parameter were achieved during 

nightss with low evaporation and rather low rainfall amounts. The drainage parameter can 

neverr be identified, as storage is not measured directly while the evaporation parameters 

couldd not be identified in a unique way due to correlation between the parameters and 

highh measurement errors. If only through fall measurements are available, than it is 

concludedd that unique parameters can only be achieved with a very simple model with 

onlyy one parameter. 

Withh canopy storage measurements, parameters were identified during the 

independentt stages of the drying and wetting cycles. A much higher accuracy of all 

parameterr estimates was thus obtained. It was further shown that the uncertainty in 

throughh fall predictions simulated with the parameter set based on storage measurements 

wass even lower than the standard deviation of the through fall measurements. It is finally 

shownn that bv using !yIMLI,  specific situations can be selected to improve the model. 
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