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1. Introduction 

Evapotranspiration E from the earth surface is the sum of two parts: 

- Evaporation from ice, snow, water surfaces and bare soil. 

- Transpiration from vegetation via dry parts of leaves or needles - has passed through the 
roats. 

These two often occur at the same time. Instead of evaporation, there can be condensation to 
the earth surface. 

Evapotranspiration is a part of the water balance of the earth surface (E in mass units: kg m-2 

s-1). It is also apart of the energy balance (LE in energy units, W m-2, where Lis the latent 
heat of vaporization): 

Rn -G= H +LE 

Rn - net radiation flux 

H - sensible heat flux 

G - energy flux to heat storage in soil and vegetation 

LE - latent heat flux 

Evapotranspiration models must be tested and verified against direct measurements. The eddy 
correlation method is nowadays the mast commonly used method to measure 
evapotranspiration from a meteorological mast. The air humidity and the vertical wind speed 
component are recorded several times per second at same metres above the surface or 
vegetation tops. The deviations from their respective time averages (over 20 - 60 minutes) of 
the fluctuations of these two variables are used to calculate the evapotranspiration flux. The 
principle is that if, for example, the upward wind fluctuations are more humid than the 
downward wind fluctuations, then a net upward water vapour flux takes place. The vertical 
wind speed is often measured by a so-called sonic anemometer and air humidity often by a 
infrared gas analyzer using infrared light absorption of water vapour. 
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Grelle (1997) has performed and studied measurements of evaporation from the main forest 
site (Norunda) in the NOPEX area (Halldin et al. 1998) north of Uppsala in Sweden. 
Measurements are made continuously of sensible heat flux and latent heat flux by the eddy 
correlation method at three levels above the forest. In daytime, 80% of the flux events 
recorded at 35 m have been calculated to come from forest or field areas 80 m to 600 m 
upwind, while the instruments at the two larger heights (70 m and 100 m) "see" areas 150 m 
to 3000 m from the mast (Grelle 1997 and Grelle et al. 1997). The source areas are most close 
to the mast in unstable and convective conditions. In the NOPEX area the eddy correlation 
method and other micrometeorological methods have been used to record evapotranspiration 
simultaneously from forests, agricultural fields and lake sites. 

The task of this work is to calculate the evapotranspiration continuously, for use as a loss term 
in the water balance of the HBV model. The traditional estimates of evapotranspiration in the 
HBV model are based on potential evapotranspiration usually using monthly standard values 
calculated by the Penman formula (Penman 1948). Gardelin and Lindström ( 1997) estimated 
evapotranspiration from the Priestley-Taylor equation using primarily net radiation calculated 
from observations at some SYNOP stations. 

This work was initiated in order to improve the evapotranspiration data used in the HBV 
model. Evapotranspiration is calculated consecutively by the Penman-Monteith equation using 
three-hourly SYNOP observations transformed to values of net radiation, water vapour deficit 
and data necessary for evaluating aerodynamical resistance and surface resistance. 
Transpiration, rainfall interception and a simple treatment of winter evaporation are included. 

Two main parts have been developed here: 

1. A program for interpolation of missing SYNOP observations and 

2. The evapotranspiration model. 

Only limited regard to measured evapotranspiration has been made here, such as some use of 
winter data from NOPEX site in Norunda. Evapotranspiration calculations are made for six 
SYNOP stations used in the HBV model (Table 4). A comparison is made with 
evapotranspiration obtained from calibrations of the HBV model. 

• 
2. Interpolation of missing SYNOP observations. 

The interpolation code developed for this study, uses SYNOP data prepared for use in an air 
pollution model (Omstedt 1988). The ouput is data of the same format but with interpolation 
of missing data when possible. 

An interpolation program has been made to interpolate missing SYNOP data at three-hourly 
observation occasions. Interpolation has been made separately 

- within nighttime (18, 21, 00, 03 and 06 UTC) and 

- within daytime (06, 09, 12, 15 and 18 UTC). 
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The interpolation gives data at "O" interpolated from data at "1" for cases (position indicates 
the corresponding observation time): 11101, 11011, 10111, 11001, 10101, 10011, 10001. 
Before 1970 the most common configuration was that data exist only at 06, 12 and 18 UTC 
corresponding to 10001 in nighttime and 10101 in daytime. 

Wherever possible, interpolation and completion is made in the code of the following 
necessary variables in the following order: 1) wind speed, 2) air temperature, 3) dew point 
temperature, 4) cloudiness, 5) code number for present weather (ww), 6) precipitation and 7) 
air pressure. The SYNOP observations are described the SMHI manual "Meteorologiska 
koder". 

1 ). Wind speed is interpolated linearly. 

2) and 3). For temperature and dew point temperature, a monthly based, empirical, non-linear 
interpolation is made. The corrections have been deduced from a set of hourly observations at 
Uppsala Airport. If a correction is added to an observed value, the expected "average" value 
for the current month and hour is obtained. The corrections are given in Tables 1 and 2. For 
temperature the mean corrections are up to minus 4 degrees in summer aftemoons and mostly 
within 0.5 degrees for dew point temperature. 

Table 1. Corrections of air temperature (C) based on observations from Uppsala Airport from 
1959 to 1984. Horizontally are given data for 00, 03, 06, 09, 12, 15, 18, 21 UTC. Vertically 
are shown J anuary to December. 

0.3, 0.4, 0.3, 0.2, -0.8, -0.5, -0.1, 0.2 
0.9, 1.2, 1.3, 0.4, -1.8, -1.9, -0.4, 0.4 
1.6, 2.3, 2.4, -0.2, -2.7, -3 .0, -0.9, 0.5 
2.6, 3.3, 2.0, -1.2, -3.3, -3.4, -1.3, 1.2 
3.8, 4.8, 1.6, -2.0, -3.9, -4.0, -1.9, 1.6 
4.1, 4.9, 1.0, -2.0, -3.7, -3.8, -2.0, 1.6 
3.5, 4.3, 1.1, -1.8, -3.4, -3.5, -1.8, 1.4 
3.0, 3.9, 1.7, -1.8, -3.6, -3.7, -1.3, 1.6 
2.1, 2.6, 1.9, -1.2, -3 .2, -3.1, -0.4, 1.2 • 
1.1 , 1.5, 1.4, -0.4, -2.3, -1.9, -0.1 , 0.7 
0.4, 0.5, 0.5, 0.0, -1.1, -0.6, -0.1, 0.3 
0.3, 0.4, 0.2, 0.1, -0.7, -0.4, -0.1, 0.1 



Table 2. Corrections of dew point temperature (C) based on observations from Uppsala 
Airport as given in Table 1. 

0.27, 0.27, 0.20, 0.06, -0.49, -0.26, -0.09, 0.07 
0.46, 0.71, 0.74, 0.10, -0.82, -0.76, -0.44, 0.04 
0.22, 0.63, 0.76, -0.28, -0.52, -0.21, -0.38, -0.24 
-0.15, 0.24, -0.15, -0.01, 0.15, 0.24, 0.00, -0.33 
0.05, 0.23, -0.36, -0.08, 0.01, 0.10, 0.17, -0.10 
-0.17, -0.07, -0.55, 0.03, 0.20, 0.36, 0.31, -0.10 
-0.10, 0.22, -0.56, 0.04, 0.26, 0.31, 0.13, -0.29 
-0.27, 0.26, -0.51, 0.19, 0.42, 0.58, -0.12, -0.58 
0.10, 0.48, 0.15, -0.36, -0.09, 0.25, -0.36, -0.18 
0.19, 0.36, 0.39, -0.41, -0.35, -0.10, -0.21, 0.11 
0.17, 0.29, 0.30, -0.02, -0.42, -0.28, -0.11, 0.09 
0.21, 0.27, 0.19, 0.03, -0.44, -0.31, -0.10, 0.14 

Example: 

Time UTC 

Observed/wanted temp. (C) 

Corrections from Table 1 (June) 

"Average" temp. 

06 

10.0 

1.0 

11.0 

Linear interpolation of "average temp.": 

12 

X 

-3.7 

x-3.7 

X - 3.7 = (11.0 + 8.0) / 2 = 9.5 x = 3.7 + 9.5 = 13.2 C 

18 

10.0 

-2.0 

8.0 

4). Cloudiness n, has been interpolated linearly disregarding observations with fog (n=9). 

4 

5). ww. 06 UTC and 18 UTC are the hours for 12-hourly precipitation amounts. The ww code 
(if missing) has been put to 63 (rainfall) if temperature exceeds 2 C or 73 (snowfall) if colder 
than 2 C. This is made provided cloudines exceeds 6/8. In other case ww is put to 02 (no 
precipitation). 

6). Precipitation has been assigned at a three-hourly basis based on the oberved ( or completed) 
ww and the total aillOUnt at 06 or 18 UTC. Thus, if ww indicates heavy rainfall., then a large 
amount is assigned. The values are scaled to add up to the total observed amount. SMHI 
standard codes for assigning rainfall and snowfall have been used. 

7). Air pressure is used in the psychrometric parameter and is given the latest available value. 
Since values at sea level are reported, air pressure is reduced to the elevation of the SYNOP 
station by 1 Hpa for each 8 m of elevation. 

Interpolation is made to "O" only in the combinations: 11101, 11011, 10111, 11001, 10101, 
10011 and 10001. For other combinations in one or more variables, no interpolation is made 
and the input for that occasion is put out unchanged. Then there are missing data which cannot 
be treated by the evapotranspiration model. For such an occasion the evapotranspiration 
model gives no three-hourly printout and no contribution to the monthly evapotranspiration 
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sums. The monthly number of such three-hourly occasions are printed in the listing of the 
monthly output from the evapotranspiration model. 

3. Evapotranspiration model. 

The basis is the Penman-Monteith equation (Monteith 1965): 

LE=-~_(R,,_-_G_)_+_p_c_P(_e_/_T_)-_e_)_I_~ 
d + y(l + rs I ra) 

The first term is an energy term, where Rn is net radiation flux and G flux to heat storage in 
soil and vegetation cover. Rn is calculated from total cloudiness, solar elevation, wind speed 
and temperature by a statistical study of Nielsen et al. (1981), used also by Gardelin and 
Lindström (1997). 

The second term may be called the ventilation term and describes how fast the water vapour is 
transported away. 

ra is the aerodynarnical resistance between the surface and a reference or measuring level. 
es(T)-e, the vapour pressure deficit, is the difference between saturation vapour pressure at 
temperature T and the current vapour pressure e, both at the reference level. e is the saturation 
pressure for the dew point temperature. p is the density of air and Cp is the heat capacity of air. 

rs is the surface resistance. 

dis the derivative of saturation vapour pressure with respect to temperature =desfdT. 

y is the psychrometric parameter = cpp/LE where L is the latent heat of vaporization, p is air 
pressure and c is a constant =0.622 equal to the ratio of molecular weights of water vapour 
and dry air. Evapotranspiration has been calculated for open land and for forest. 

Based on Arpege Climat (1996) parameters for the ISBA model (see belo_w) are given for 
nine landuse types for open land: crop, short grass, tall grass, tundra, irrigated crop, semi­
desert, bog and marsh, evergreen shrub and deciduous shrub. For forest there are five landuse 
classes: evergreen needle tree, deciduous needle tree, deciduous broadleaf tree, evergreen 
broadleaf tree and mixed woodland. 

The parameter values of Table 3 used in this study, are for open land those of crop (with some 
modifiaction) and for forest those of mixed woodland. As can be seen, some seasonal 
variation is allowed for forest in leaf area index and roughness length. 
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Table 3. Parameters used in the ISBA model. For forest surface, values of leaf area index and 
roughness length are given for each month. 

1: Open land 2: Forest 

Leaf area index (LAI) 

Roughness length (m) 

Albedo for snow-free surface 

Albedo for snow-covered surface 

Vegetation canopy storage capacity of 

1.0 3.0, 3.0, 3.0, 4.0, 4.5, 5.0, 

5.0, 5.0, 4.0, 3.0, 3.0, 3.0 

0.05 0.690, 0.717, 0.745, 0.763, 0.782, 0.800, 

0.800, 0.772, 0.763, 0.745, 0.717, 0 .690 

0.20 0.16 

0.50 0.30 

intercepted rain water (Wmax, mm) 0.2*LAI 0.2*LAI 

D:o of intercepted snow (Wsmax, mm) lO*Wmax lO*Wmax 

(Wsmax is not in ISBA model, see the text) 

For calculating surface resistance (ISBA): 

RGL (for global radiation) (W m-2) 100 30 

rsmin (s m-1) 40 250 

a (for vapour pressure deficit) 0 0.04 

3.1 Surface resistance r5• 

This resistance is caused by the action of the stomata pores of dry transpiring vegetation and is 
here calculated by the ISBA model using global radiation, vapour pressure, air temperature 
and soil moisture (Noilhan and Planton 1989). For wet surfaces and snow surfaces r5 is often 
put to zero. In winter and at night with no stomatal activity, dry surfaces have a large value of 
r5 : 5000 s m-1 is uspd in the ISBA model. 

rs, the surface resistance for transpiration, is given by: 

r = rsmin RR-IR-IF-1 
s LA/ I 2 3 4 

LAI is leaf area index and rsmin is a reference surface resistance for each landuse type. 

F1 achieves a decreasing rs with increasing photosyntetically active radiation Ro by: 

F;_= 1+/ 
rsmin I 5000 + f 



f = 0.55 Ro - 2-
R0L LA] 
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where RaL is 30 W m-2 for forest and 100 W m-2 for low vegetation. 5000 s m-1 is the 
maximum value possible for rsmin· 

F2 gives the effect of water stress in the root zone, so that rs increases when w2 decreases: 

D _ W2 -Wwilt 
I'2 -

wfc -wwilt 

For w2 larger than Wfc, F2 is unity. For w2 smaller than Wwitt, F2 is assigned a very small value, 
giving a large r8• 

F3 causes increasing rs with increasing saturation deficit of specific humidity q (kg/kg): 

F; = 1- a(qsaiCI:)-qa) 

where a is 0.04 for forest and zero for low vegetation. 

F4 gives smallest surface resistance at 25 C increasing to the maximum value 5000 s m-1 

below O C and above 50 C: 

F = 1-(25- 7;, )2 
4 25 

3.2 Aerodynamical resistance r8 • 

ra generally is calculated by a method used for an air pollution model developed at SMHI 
(Omstedt 1984). In principle, ra is obtained by equalling ra calculated by two different methods 
as function of the Monin-Obukhov length Lmo, an atmospheric stability parameter. ra is solved 
by an iterative method described by Berkowics and Prahm (1982). 

Method 1. Using wind and temperature profiles. Friction velocity u* and aerodynamic 
resistance ra are calculated as: 

r = In((z1 + zJ I zJ-1/f h ((z1 + z0 ) I Lm0 ) + 1/f h (z0 I LmJ 
0 (k I R)u. 
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Zu, and Zt are the measuring heights of wind speed and temperature respectively. Zu = 10 m and 
Zt = 1.5 m at most SYNOP stations. u(zu) is wind speed measured at height Zu. 

Observed wind at 10 m over forest is smaller due to the larger roughness length. Since 
SYNQP stations report from open land surfaces, the wind speed for application for forest is 
reduced by 

ln(l 00 / Zoopenland) ln(z / Zofore t) 

UIOratio = ln(l00 / Zofore I) ln(z / Zoopenland) 

assuming neutral conditions and that wind speed at height 100 m is the same over both forest 
and open land. 

'Vh and 'l'm are empirical stability functions dependent on Lm0 • They are zero at neutral stability 
i. e. when Lmo is infinitely large. Ris 0.74 and the value used of the von Karman constant is 
k=0.35. 

Method 2. Using the counterpart of the Penman-Monteith equation for sensible heat flux H, 
with values of rs, vapour pressure deficit es(T)-e and net radiation flux Rn: 

H=-(R_n_-_G_)_(r_s+_~_)-_p_c~P_(e_/_T_)-_e_)_l_y 
rs + (1 + ~ / y)ra + a(rs + ra) 

or 

r = rs (R,, - H)- pcp(e/T)- e) I y 
a H(l + ~ I y + 2a) - Rn 

where a=GIH assumed to be 1/3. This was considered valid for a grass surface but is used 
here generally in this formula to calculate ra. The sensible heat flux H is calculated from 

u* is calculated by the method described above. T is temperature in degrees K. g is the 
acceleration of gravity. 

3.3 Rainfall interception. 

Rainfall interception is treated for both low vegetation and forest. The interception reservoir 
w, on the canopy evolves as (Rutter et al. 1971/1972): 
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dw w 
=--- Ep 

dt wmax 

where Ep is the "potential" evaporation rate of the water on the vegetation canopy (mm / 3 
hours) calculated with the Penman-Monteith equation using current meteorological data and rs 
= 0. Wmax is the storage capacity in mm. 

The solution for the water stored at the end of the three-hour period, W3h, is 

E 
w3h = w0 *exp(--P-)+rr 

wmax 

where the three-hourly rainfall amount rr is added to the water stored after reduction of the 
initial storage w0 by the evaporation <luring the three hours. 

The excess water is throughf all to the ground: 

and the remaining stored water, used as input w0 to the next three-hour period, is 

3.4 Transpiration. 

The Penman-Monteith equation is used. Transpiration is calculated at the beginning and at the 
end of each three-hourly period and the average (in mm/ 3 hours) is formed. This holds for the 
dry vegetation canopy. 

The transpiration from the partly wet vegetation canopy <luring the three-hourly period is 
reduced by the three-hour average part of the canopy covered with water obtained from the 
interception routine above: 

(1-0.5 Wo +w3h) 
wmax 
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A completely wet canopy then gives zero transpiration. 

3.5 Snow evaporation. 

Due to practical reasons for the use in the HBV model, evaporation for snow free land and 
snow covered land are both calculated and presented in parallel, whether a real snow cover 
exists or not. Both evaporation components are calculated for open land as well as for forest. 
For both snow covered open land and forest, the Penman-Monteith equation is used with rs = 
0 and the snow albedo value of Table 3. The method is described in Appendix 1. 

3.6 Feedback from the soil moisture accounting routine of the HBV model. 

To get feedback, soil moisture is updated every three-hour time step in the evapotranspiration 
model, using the soil moisture accounting routine of the HBV model (Lindström et al. 1996). 
The routine calculates how much of the rainfall or snow melt that goes to runoff and how 
much is used to increase soil moisture. This partition is govemed by the runoff coefficient 
BETA. The soil moisture accounting routine is only needed when soil moisture is used for 
getting evapotranspiration. This is the case here, since soil moisture is used in the factor F2 

above in calculating rs, The parameters used are shown in Table 4. 

Table 4. Parameters used in the soil moisture accounting routine of the HBV model for the six 
SYNOP stations studied. 

FC: field capacity (mm). 

BETA: runoff coefficient. 

cfmax: degree-day factor for snow melt rate (mm C 1 daf1). 

FC BETA cfmax-open land cfmax-forest 

Målilla, Nässjö 300 3.0 3.0 1.8 

Osby, Ljungby 300 3.0 3.0 1.8 

Fränsta, Hunge 180 2.0 3.5 2.0 
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3. 7 Reduction of soil moisture by evapotranspiration. 

After the update of soil moisture by the soil moisture accounting routine of the HBV model, 
soil moisture is reduced three-hourly by subtracting the sum of transpiration and interception 
evaporation. This is made if temperature exceeds O C and if snow depth is less than 0.1 mm 
(water equivalent). 

4. Model output. 

Before running the interpolation program the following months with no SYNOP data were 
replaced by the corresponding month from the neighbouring station: 

Ljungby 8005 8006 8406 8407 8507 8508 by Osby 
Osby 7407 7508 7708 7806 7808 7906 8603 8608 by Ljungby 
Målilla 8806 by Nässjö 
Nässjö 8606 8608 by Målilla 
Hunge 8607 by Fränsta 

After this replacement some data were still rnissing. Thus, in the whole period treated, 1968 -
1993, some months are not completly covered with three-hourly evapotranspiration values. In 
Osby there are 9 months with at least 25 rnissing three-hourly values, in Ljungby 11 months, 
Målilla 0, Nässjö 7, Fränsta O and Hunge 18 months. Thus, these months may have too low 
evapotranspiration values by more than some 10 per cent. In Hunge there are scarce data 
during 1992. The reduced values for these periods should be kept in mind when studying 
Figures 1 - 6. In running the HBV model using three-hourly data, these missing data have to 
be replaced by other data. 

4.1 Three-hourly model output. 

The primary model output is three-hourly evapotranspiration values calculated from the input 
SYNOP observations. These values are used as input to the HBV model. The three-hourly 
output is given and described for the two surface types open land and forest in Table 5. 

Table 5. Example of a three-hourly data output from the evapotranspiration model. For each 
surface type (1 and 2) the data are given as 19 groups including the identification "datout". 
The group numbers attached here are explained below. The values of evapotranspiration (No. 
8, 9, 10, 11 and 12), throughfall (No. 15) and precipitation (No. 17) for e. g. 18 hrs UTC are 
three-hourly sums over the period 15 hrs UTC to 18 hrs UTC. Values No. 7, 13, 14, 16, 18 
and 19 refer to time indicated (here 18 UTC). 

1 2 3 4 5 6 7 8 9 10 11 12 
datout 1 68 6 29 18 1 0.67882 0.00000 0.44351 0.44351 0.44668 
15.20000 0.20000 1.01000 0.00000 1.21000 164.518 0.00000 

13 14 15 16 17 18 19 



1 2 3 4 5 6 7 8 9 10 11 12 
datout 2 68 6 29 18 1 1.20425 0.00000 0.34738 0.34738 0.01591 

15.20000 1.00000 0.21000 0.00000 1.21000 193.946 0.00000 
13 14 15 16 17 18 19 

1 : Identification 
2: Surface type 
3: Year 
4: Month 
5: Day 
6: HourUTC 
7: State of the ground surface in the SYNOP observation (E) 
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8: Potential evapotranspiration by the Penman-Monteith equation using rs = 0 (mm/3 hours) 
9: Evaporation of rainfall intercepted on the vegetation canopy (mm/3 hours) 
10: Transpiration from dry part of canopy (mm/3 hours) 
11: Sum of 9 and 10: total evapotranspiration (snow free conditions) (mm/3 hours) 
12: Evaporation from existent or nonexistent snow cover (mm/3 hours) 
13: Observed air temperature ( C ) 
14: Water stored on vegetation canopy (mm) 
15: Throughfall (mm/3 hours) 
16: Snow stored on forest canopy (mm water equivalent) 
17: Reported precipitation multiplied with I.I (mm/3 hours) 
18: Calculated soil moisture (mm) 
19: Calculated snow depth (mm water equivalent) 

4.2 Monthly model output. 

To give an overview of the results, monthly sums of the evapotranspiration components have 
been produced. These values are given in tables (not shown) with data described below. Also, 
precipitation, soil moisture and the number of missing three-hourly data are given. 

Description of data in the monthly model output: 

Station number of SYNOP station used. 
Year. # 

Month. 
A figure where 1 means open land and 2 means forest. 

The following six values are monthly sums in mm of 
1 - Evaporation of rainfall intercepted on the vegetation canopy. 
2 - Transpiration from dry part of canopy. 
3 - The sum of 1. and 2., i. e. total evapotranspiration (snow free conditions). 
4 - Evaporation from snow cover. 
5 - Calculated actual total evapotranspiration summed from each three-hourly observation: 

(3.) used in snow-free conditions and ( 4.) used if snow cover occurs. 
6 - Measured monthly precipitation in mm ( corrected by multplication with 1.1) 
7 - Soil moisture in mm. 
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8 - Number of missing three-hourly observation occasions during the month. 

The monthly outputs for 1968-1993 and all six SYNOP stations are plotted in Figures 1 - 6 
based on the tables. Some months may have too low sums due to missing data. 

5. Discussion of monthly evapotranspiration data. 

Figures 1 - 6 show calculated monthly evapotranspiration sums for 1968 - 1993. In summer, 
the transpiration sums (2.) are greater for open land than for forest, an effect of the larger 
surface resistance used for forest. However, forest gives higher interception evaporation (1.) 
than open land, due to larger canopy water storage capacity of forest. Since the transpiration 
difference is greater than the interception difference, the total evapotranspiration (3.) is mostly 
greater for open land than for forest. There is some indication also in monthly data, that 
transpiration is small when evaporation of intercepted rainfall is large, which is given three­
hourly by the model as described above. 

Due to practical reasons, snow evaporation (4.) is always calculated, whether a real snow 
cover exists or not. In summer, the förmal snow evaporation curves for open land show the 
"potential" evapotranspiration, but using an increased albedo value due to the snow surface. 

In winter, the forest snow evaporation (4.) is often larger than for open land, due to the larger 
evaporation flux from intercepted snow on the forest canopy. In the northerly stations Hunge 
and Fränsta, negative snow evaporation occurs for open land in some winters, due to the 
negative contribution of the radiation term in the Penman-Monteith equation. 

Lowest in Figures 1 - 6 is the "actual" evapotranspiration chosen from the "snow free" curve 
(3.) or "snow" curve (4.), judged to be "actual" as to whether snow depth is greater or smaller 
than 15 mm of water respectively, obtained from the soil moisture accounting routine of the 
HBV model, in the run made here. 15 mm isa high limit giving "snow free" very often, and 
therefore we see that the curves (5.) are similar to those of "snow free" (3.) not only in 
summer but also a large part of many winter seasons. In some winters and early springs (e g 
Målilla in 1979), it is seen that the actual values (5.) are taken from the snow case however. 
The "actual" curve is coinciding with or between the "snow" and "snow free" curves because 
we present monthly values summed from three-hourly values. 

What will be u'sed in the HBV model are three-hourly values of total snow free 
evapotranspiration (No. 11 in Table 5) or snow evaporation (No. 12) dependent on whether 
there is snow or not. This will be determined using the snow cover of the complete HBV 
model. 

In Figure 7, a comparison is made with actual evapotranspiration computed using the HBV 
model (Brandt and Grahn 1998). Evapotranspiration and runoff are given by standard 
functions (soil moisture accounting routine) in the HBV model. In the different geographical 
areas considered, the values of the parameters in these functions are tuned, so that the 
resulting runoff comes in best agreement with measured runoff data. The evapotranspiration 
then comes out as a "water balance estimate" within the HBV model framework. 
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The HBV model values are mostly between our evapotranspiration model values for open 
land and forest, a reasonable result, since the former are derived over areas surrounding the 
SYNOP stations. The soil moisture values behave very similarly in both models, since they 
are both calculated by similar functions, but are smaller than those modelled in the 
evapotranspiration model, because smaller values of field capacity were used. The comparison 
has been made with the whole material 1968 - 90 ( except for Hunge) and the comparison as a 
whole, was similar to that of Figure 7. This comparison is of limited value since both methods 
use the soil moisture accounting routine. Other parts of the data are different, such as SYNOP 
weather observations for the evapotranspiration model and runoff data for the HBV model. 

Coming work. 

The evapotranspiration model should be tested against directly measured evapotranspiration 
values, e. g. in the NOPEX project. This may lead to improvements of the evapotranspiration 
model. For example, at the main NOPEX site (Norunda) it has recently been found that the 
evaporation of intercepted water from the forest canopy is not as quick as believed previously 
(A. Lindroth pers. comm.). This may happen if the water is concentrated into small droplets 
on the leaves and needles. This should be studied and may give rise to modification of the 
present model. Another important problem is the influence of soil moisture on transpiration 
rate from vegetation. Other modifications of the evapotranspiration model will probably be 
made after the coming runs of the HBV model using the present calculated evapotranspiration 
values. 
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Appendix 1. Development of the snow evaporation model. 

Due to practical reasons for the use in the HBV model, evaporation for snow free land and 
snow covered land are both calculated and presented in parallel, whether a real snow cover 
exists or not. Both evaporation components are calculated for open land as well as for forest. 
In both snow covered open land and forest, the Penman-Monteith equation is used with rs = O 
and snow albedo of Table 3. 
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Forest. 

For forest a snow interception model has been developed. This was considered worthwhile, 
since the evaporation of snow on the forest canopy is much more rapid than the evaporation of 
snow on the forest floor. 

Daily evaporation values for the winter half year 1 Oct. 1994 - 31 March 1995 measured in the 
Norunda mast by the eddy correlation method have been compared with different model 
results. SYNOP observations from Uppsala Airport have been used .as model input. 

Since comparison is made with real evaporation data, which are taken over snow free or snow 
covered terrain, there must be an assumption as to whether snow exists or not and the model 
value presented must be the one calculated for that assumption. The forest terrain was 
assumed snow covered if E > 4 where E is the SYNOP code describing the state of the ground 
surface. 

Regarding that a snow cover cannot be warmer than O C, the Penman-Monteith equation was 
tested assurning reference temperature T = 0 C in cases with higher observed temperatures. 
However, allowing T > 0 C showed better agreement with the Norunda daily measured data. 
The reason is probably that the snow cover in forest terrain is not uniform and there are often 
surfaces warmer than O C. Therefore, the temperature values have been used without 
maxirnizing to O C. 

The following snow interception algorithm was used for the forest canopy: 

With ecan - snow evaporation from the forest canopy in mm/3 hours; Wsn - snow amount on the 
canopy in mm of water (maxirnized to Wsmax) and ITsnow - snowfall in mm/3hours the following 
calculations are made in order: 

Wsn = Wsn - min ( Wsn, ecan) 
W sn=W sn + IT snow 
W sn=rnin ( W sn , W smax) 

lf air temperature exceeds 2 C, Wsn is reduced by 50% every three-hours period. Wsmax is the 
storage capacity for snow on the forest canopy (mm of water). Following Calder (1990), this 
capacity is assumed to be ten times as large as that of intercepted rain water (Table 3). Snow 
throughfall is not considered since the snow on forest floor is not budgeted. 

Using the above assumptions, andra= constant was found to give better agreement with eddy 
correlation snow evaporation data from the Norunda forest than using wind and stability 
dependent ra values. A reason may be that the wind speed variation at Uppsala airport is 
probably larger than over the Norunda forest. Also, the distance to Norunda is some 22 km 
making the use of the Uppsala wind data more difficult. In the model, ra is used as constant 
corresponding to a wind speeed of 1.8 m/s at the roughness length value of Table 3. For the 
snow case, snow was always assumed to exist on the forest floor. Then, snow evaporation is 
low since ra is increased by the factor (l+ 1.08*LAI) accounting for the resistance of the 
canopy air. Net radiation is reduced by the factor (l-0.2*LAI). Tuning the model to 
evaporation measurements should be made using model input data from the Norunda site 
itself. Also, a better judgement if the forest canopy is snow covered or snow free should be 
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made, using direct observations at the Norunda forest. Therefore, this mode! development is 
only preliminary. 

Open land. 

This mode! is similar to the forest mode! but no snow interception algorithm is used. It was 
found that the mode! parameters for open land gives better agreement, than the forest model, 
to the daily Norunda forest evaporation data. The SYNOP data are taken at an open field 
(Uppsala Airport). Maybe they should not be used together with parameter values (albedo, 
roughness) representing a forest. Such mode! input data, which could differ between forest 
and open land are precipitation, cloudiness, temperature and vapour pressure deficit - all 
important for the evaporation. Therefore, the agreement could be better using albedo and 
roughness for open land as found here. 

References. 

Arpege-Climat, 1996, Modelisation Communautaire. I. Documentation algorithmique. 
Version 2. Meteo-France, 12 janvier 1996. 

Brandt M. and Grahn G. 1998: Avdunstning och avrinningskoefficient i Sverige, 1961-1990. 
Beräkningar med HBV-modellen. SMHI, Hydrologi Nr 73, 1998. 

Berkowicz, R. and Prahm, L.P. 1982: Evaluation of the profile method for estimation of 
surface fluxes of momentum and heat. Atmospheric Environmemt 16, 2809-2819. 

Burman, R. and Pochop, L.O. 1994: Evaporation, Evapotranspiration and Climatic data. 
Developments in Atmospheric Science, 22. Elsevier Science B. V. 

Calder I. R. 1990: Evaporation in the uplands. John Wiley and Sons. 

Gardelin, M. and Lindström G. 1997: Priestley-Taylor Evapotranspiration m HBV­
Simulations. Nordic Hydrology, 28 (4/5), 233-246. 

Grelle A. 1997: Long-Term Water and Carbon Dioxide Fluxes from a Boreal Forest. Methods 
and Applications. Doctoral Thesis. Swedish University of Agricultural Sciences. 

Grelle, A., Lundberg, A., Lindroth, A., Moren, A.S. and Ciencala, E. 1997: Evaporation 
components of a boreal forest: Variations during the growing season, Journal of Hydrology, 
197, 70-87. 

Halldin, S., Gottschalk, L., Gryning, S.E., Jochum, A., Lundin, L.C., and Van de Griend, 
A.A., 1998, Energy, water and carbon exchange exchange in a boreal forest - NOPEX 
experiences. Submitted to Agricultural and Forest Meteorology, NOPEX Special Issue. 



17 

Lindström G., Gardelin M., Johansson B., Persson M. and Bergström S. 1996: HBV-96 - En 
areellt fördelad modell för vattenkrafthydrologin. SMHI, RH Nr 12, April 1996. 

Monteith J. L. 1965: The State and Movement of Water in Living Organisms. Cambridge: At 
the University Press. 

Nielsen, L. B., Prahm, L. P., Berkowicz, R. and Conradsen, K. 1981: Net incoming radiation 
estimated from hourly global radiation and/or cloud observations. Journal of Climatology, 
Vol. 1(3), 255-272. 

Noilhan J. and Planton S. 1989: A simple parametrization of land surface processes for 
meteorological models. Monthly Weather Review. Vol 117, 535-549. 

Omstedt G. 1984: An operational air pollution model using routine meteorological data. 
SMHI, RMK No. 39, June 1984. 35 pp. 

Omstedt G. 1988: An operational air pollution model. SMHI, RMK No. 57, August 1988. 29 
pp. 

Penman, H.L. 1948: Natural evapotranspiration from open water, bare soil and grass. Proc. R. 
Soc. London, Ser. A, 193, 120-145. 

Rutter, A.J., Kershaw, K.A., Robins, P.C. and Morton, AJ. 1971/1972: A predictive model of 
rainfall interception in forests, I. Derivation of the model from observations in a plantation of 
Corsican Pine. Agric.Met., 9, 367-384. 

Figures 1 - 6. Monthly precipitation, soil moisture and evapotranspiration sums (mm) derived 
from three-hourly SYNOP data during 1968-1993. Evapotranspiration components (1. - 5.) 
and soil moisture are calculated with the evapotranspiration model and the soil moisture 
accounting routine of the HBV model. 
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Calculated actual total evapotranspiration summed from each three-hourly 
observation: (3.) used in snow free conditions; (4.) used if snow cover occurs. 
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Figure 7a. Målilla 1968-1980. The upper part gives monthly evapotranspiration values by the 
evapotranspiration model for open land and forest (hatched curves) and by the water balance method+HBV 
model (solid curve). The lower part gives the curves for soil moisture and, at the bottom, measured 
precipitation. 
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Figure 7b. Målilla 1980-1993. The upper part gives monthly evapotranspiration values by the 
evapotranspiration model for open land and forest (hatched curves) and by the water balance method+HBV 
model (solid curve). The lower part gives the curves for soil moisture and, at the bottom, measured 
precipitation. 
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SMHI ger ut sex rapportserier. Tre av dessa, R-serierna är avsedda för internationell 
publik och skrivs därför oftast på engelska. I de övriga serierna används det svenska 
språket. 

Seriernas namn 

RMK (Rapport Meteorologi och Klimatologi) 
RH (Rapport Hydrologi) 
RO (Rapport Oceanografi) 
METEOROLOGI 
HYDROLOGI 
OCEANOGRAFI 

I serien HYDROLOGI har tidigare utgivits: 

1 Bengt Carlsson (1985) 
Hydrokemiska data från de svenska fält-
forsknings områdena. 

2 Martin Häggström och Magnus Persson 
(1986) 
Utvärdering av 1985 års vårflödes-
prognoser. 

3 Sten Bergström, UlfEhlin, SMHI, och Per-
Eric Ohlsson, V ASO ( 1986) 
Riktlinjer och praxis vid dimensionering av 
utskov och dammar i USA. Rapport från en 
studieresa i oktober 1985. 

4 Barbro Johansson, Erland Bergstrand och 
Torbjörn Jutman (1986) 
Skåneprojektet - Hydrologisk och ocea-
nografisk information för vattenplanering -
Ett pilotprojekt. 

5 Martin Häggström (1986) 
Översiktlig sammanställning av den geog-
rafiska fördelningen av skador främst på 
dammar i samband med septemberflödet 
1985. 

6 Barbro Johansson (1986) 
Vattenföringsberäkningar i Södermanlands 
län - ett försöksprojekt. 

7 Maja Brandt (1986) 
Areella snöstudier. 

8 Bengt Carlsson, Sten Bergström, Maja 
Brandt och Göran Lindström (1987) 
PULS-modellen: Struktur och tillämpningar. 

9 

10 

11 

12 

13 

14 

15 

16 

Publiceras sedan 

1974 
1990 
1986 
1985 
1985 
1985 

Lennart Funkquist (1987) 
Numerisk beräkning av vågor i kraft-
verksdarnmar. 

Barbro Johansson, Magnus Persson, 
Enrique Aranibar and Robert Llobet 
(1987) 
Application of the HBV model to Bolivian 
basins. 

Cecilia Ambjörn, Enrique Aranibar and 
Roberto Llobet (1987) 
Monthly streamflow simulation in 
Bolivian basins with a stochastic model. 

• Kurt Ehlert, Torbjörn Lindkvist och Todor 
Milanov (1987) 
De svenska huvudvattendragens namn och 
mynningspunkter. 

Göran Lindström (1987) 
Analys av avrinningsserier för uppskattning 
av effektivt regn. 

Maja Brandt, Sten Bergström, Marie 
Gardelin och Göran Lindström (1987) 
Modellberäkning av extrem effektiv 
nederbörd. 

Håkan Danielsson och Torbjörn Lindkvist 
(1987) 
Sjökarte- och sjöuppgifter. Register 1987. 

Martin Häggström och Magnus Persson 
(1987) 
Utvärdering av 1986 års vårflödes-
prognoser. 



17 Bertil Eriksson, Barbro Johansson, 30 Torbjörn Jutman (1991) 
Katarina Losjö och Haldo Vedin (1987) Analys av avrinningens trender i Sverige. 
Skogsskador - klimat. 

31 Mercedes Rodriguez, Barbro Johansson, 
18 Maja Brandt (1987) Göran Lindström, 

Bestämning av optimalt klimatstationsnät Eduardo Pianos y Alfredo Remont (1991) 
för hydrologiska prognoser. Aplicacion del modelo HBV a la cuenca del 

Rfo Cauto en Cuba. 
19 Martin Häggström och Magnus Persson 

(1988) 32 Erik Arner (1991) 
Utvärdering av 1987 års vårflödes- Simulering av vårflöden med HBV-model-
prognoser. len. 

20 Todor Milanov (1988) 33 Maja Brandt (1991) 
Frysförluster av vatten. Snömätning med georadar och snötaxe-

ringar i övre Luleälven. 
21 Martin Häggström, Göran Lindström, Luz 

Amelia Sandoval and Maria Elvira Vega 34 Bent Göransson, Maja Brandt och Hans 
(1988) Bertil Wittgren (1991) 
Application of the HBV mode! to the Markläckage och vattendragstransport av 
upper Rfo Cauca basin. kväve och fosfor i Roxen/Glan-systemet, 

Östergötland. 
22 Mats Moberg och Maja Brandt (1988) 

Snökartläggning med satellitdata i 35 Ulf Ehlin och Per-Eric Ohlsson, VASO 
Kultsjöns avrinningsområde. (1991) 

Utbyggd hydrologisk prognos- och 
23 Martin Gotthardsson och Sten Lindell varningstjänst. 

(1989) Rapport från studieresa i USA 
Hydrologiska stationsnät 1989. Svenskt 1991-04-22--30. 
Vattenarkiv. 

36 Martin Gotthardsson, Pia Rystam och Sven-
24 Martin Häggström, Göran Lindström, Erik Westman (1992) 

Luz Amelia Sandoval y Maria Elvira Vega Hydrologiska stationsnät 1992/Hydrological 
(1989) network. Svenskt Vattenarkiv. 
Aplicacion del modelo HBV a la cuenca 
superior del Rfo Cauca. 37 Maja Brandt (1992) 

Skogens inverkan på vattenbalansen. 
25 Gun Zachrisson (1989) 

• Svåra islossningar i Torneälven. Förslag till 38 Joakim Harlin, Göran Lindström, Mikael 
skadeförebyggande åtgärder. Sundby (SMHI) och Claes-Olof Brandesten 

(Vattenfall Hydropower AB) (1992) 
26 Martin Häggström (1989) Känslighetsanalys av Flödeskommittens 

Anpassning av HBV-modellen till Torne- riktlinjer för dimensionering av hel älv. 
älven. 

39 Sten Lindell (1993) 
27 Martin Häggström and Göran Lindström Realtidsbestämning av arealnederbörd. 

(1990) 
Application of the HBV mode! for flood 40 Svenskt Vattenarkiv (1995) 
forecasting in six Central American rivers. Vattenföring i Sverige. Del 1. Vattendrag 

till Bottenviken. 
28 Sten Bergström (1990) 

Parametervärden för HBV-modellen i 41 Svenskt Vattenarkiv (1995) 
Sverige. Erfarenheter från modellkalibre- Vattenföring i Sverige. Del 2. Vattendrag 
ringar under perioden 1975 - 1989. till Bottenhavet. 

29 Urban Svensson och Ingemar Holmström 42 Svenskt Vattenarkiv (1993) 
(1990) Vattenföring i Sverige. Del 3. Vattendrag 
Spridningsstudier i Glan. till Egentliga Östersjön. 



43 Svenskt Vattenarkiv (1994) 56 Svenskt Vattenarkiv (1995) 
Vattenföring i Sverige. Del 4. Vattendrag Svenskt darnrnregister - Norra Sverige. 
till Västerhavet. 

57 Martin Häggström ( 1994) 
44 Martin Häggström och Jörgen Sahlberg Snökartering i svenska fjällområdet med 

(1993) NOAA-satellitbilder. 
Analys av snösmältningsförlopp. 

58 Hans Bertil Wittgren (1995) 
45 Magnus Persson (1993) Kvävetransport till Slätbaken från Söder-

Utnyttjande av temperaturens persistens vid köpingsåns avrinningsområde 
beräkning av volymsprognoser med HBV-
modellen. 59 Ola Pettersson (1995) 

Vattenbalans för fältforskningsområden. 
46 Göran Lindström, Joakim Harlin och 

Judith Olofsson (1993) 60 Barbro Johansson, Katarina Losjö, Nils 
Uppföljning av Flödeskommittens Sjödin, Remigio Chikwanha and Joseph 
riktlinjer. Merka (1995) 

Assessment of surface water resources in 
47 Bengt Carlsson (1993) the Manyame catchment - Zimbabwe. 

Alkalinitets- och pH-förändringar i Ume-äl-
ven orsakade av minimitappning. 61 Behzad Koucheki (1995) 

Älvtemperaturers variationer i Sverige 
48 Håkan Sanner, Joakim Harlin and under en tioårsperiod. 

Magnus Persson (1994) 
Application of the HBV model to the Upper 62 Svenskt Vattenarkiv (1995) 
Indus River for inflow forecasting to the Sänkta och torrlagda sjöar. 
Tarbela dam. 

63 Malin Kanth (1995) 
49 Maja Brandt, Torbjörn Jutman och Hydrokemi i fältforskningsområden. 

Hans Alexandersson (1994) 
Sveriges vattenbalans. Årsmedelvärden 64 Mikael Sundby, Rikard Liden, Nils Sjödin, 
1961 - 1990 av nederbörd, avdunstning och Helmer Rodriguez, Enrique Aranibar (1995) 
avrinning. Hydrometeorological Monitoring and 

Modelling for W ater Resources Develop-
50 Svenskt Vattenarkiv (1994) ment and Hydropower Optimisation in 

Avrinningsområden i Sverige. Del 3. Bolivia. 
Vattendrag till Egentliga Östersjön och Öre-
sund. 65 Maja Brandt, Kurt Ehlert (1996) 

Avrinningen från Sverige till omgivande 
51 Martin Gotthardsson (1994) hav. 

Svenskt Vattenarkiv. Översvämningskäns-
liga områden i Sverige. 66 Sten Lindell, Håkan Sanner, Irena 

Nikolushkina, Inita Stikute (1996) 
52 Åsa Evremar (1994) Application of the integrated hydrological 

Avdunstningens höjdberoende i svenska modelling system IHMS-HBV to pilot basin 
fjällområden bestämd ur vattenbalans och in Latvia 
med modellering. 

67 Sten Lindell, Bengt Carlsson, Håkan 
53 Magnus Edström och Pia Rystam (1994) Sanner, Alvina Reihan, Rimma Vedom 

FFO - Stationsnät för fältforsknings- (1996) 
områden 1994. Application of the integrated hydrological 

modelling system IHMS-HBV to pilot basin 
54 Zhang Xingnan ( 1994) in Estonia 

A comparative study of the HBV model and 
development of an automatic calibration 68 Sara Larsson, Rikard Liden (1996) 
scheme. Stationstäthet och hydrologiska prognoser. 

55 Svenskt Vattenarkiv (1994) 
Svenskt darnrnregister - Södra Sverige. 



69 Maja Brandt (1996) 
Sedimenttransport i svenska vattendrag 
exempel från 1967-1994. 

70 Svenskt Vattenarkiv (1996) 
Avrinningsområden i Sverige. Del 4. 
Vattendrag till Västerhavet. 

71 Svenskt Vattenarkiv (1996) 
Svenskt sjöregister. 2 delar 

72 Sten Lindell, Lars O Ericsson, Håkan 
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