DEVELOPMENTS IN AGRICULTURAL
AND MANAGED-FOREST ECOLOGY 9

comparison
of forest water and
energy exchange models




DEVELOPMENTS IN AGRICULTURAL
AND MANAGED-FOREST ECOLOGY 9

comparison of forest water
and energy exchange models



OTHER TITLES IN THIS SERIES

1. Plant Modification for More Efficient Water Use
by J.F. Stone (Editor)
1975 xii + 320 pp.

2. Tree Ecology and Preservation
by A. Bernatzky
1978 viii + 3568 pp.

3. Cycling of Mineral Nutrients in Agricultural Ecosystems
by M.J. Frissel (Editor)
1978 viii + 356 pp.

4. Interactions Between Non-Pathogenic Soil Microorganisms and Plants
by Y.R. Dommergues and S.V. Krupa (Editors)
1978 xii + 476 pp.

5. Ecology of Root Pathogens
by S.V. Krupa and Y.R. Dommergues (Editors)
1978 x + 282 pp.

6. Soil Disinfestation
by D. Mulder (Editor)
1979 xiv + 368 pp.

7. Management of Semi-Arid Ecosystems
by B.H. Walker (Editor)
1979 x + 398 pp.

8. Management and Analysis of Biological Populations
by B.S. Goh
1979 (in preparation)



DEVELOPMENTS IN AGRICULTURAL
AND MANAGED-FOREST ECOLOGY 9

comparison
of forest water and
energy exchange models

Edited by

S. HALLDIN

The Swedish University of Agricultural Sciences
Department of Ecology and Environmental Research
Box 7008

S-750 07 UPPSALA

Sweden

Proceedings of an IUFRO Workshop held at Uppsala,
Sweden from September 24th—30th, 1978

ELSEVIER SCIENTIFIC PUBLISHING COMPANY
Amsterdam — Oxford — New York 1979



ELSEVIER SCIENTIFIC PUBLISHING COMPANY

335 Jan van Galenstraat
P.0. Box 211, 1000 AE Amsterdam, The Netherlands

Distributors for the United States and Canada:

ELSEVIER/NORTH-HOLLAND INC.
52, Vanderbilt Avenue
New York, N.Y. 10017

ISBN 0-444-41844-X (Vol. 9)
ISBN 0-444-41515-7 (Series)

© International Society for Ecological Modelling, 1979
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or

transmitted in any form or by any means, electronic, mechanical, photocopying, recording or oth-
erwise, without the prior written permission of the publisher.

Printed in Denmark



Preface

Numerous ecological models have been presented during recent years,
but only few of these have been comprehensively compared and
tested against independent field data. This book contains results
from an IUFRO (International Union of Forestry Research Organiza-
tions) workshop with the goal of performing such tests on micro-
meteorological and hydrological forest models.

The workshop was initiated by Prof. A. Baumgartner and Dr.K. Perttu
as part of the cooperation within the IUFRO research group on
Atmospheric Environment (S1.03-01). The aim of comparing all
models using the same input data was fulfilled by using the
ECODATA data base system and the SIMP simulation package. This
meant that all models not developed within the SWECON Project had
to be implemented at the SWECON Computer Centre using these
systems. The tedious work of implementation and modification was
aptly carried out by the SWECON modellers G. Agren, P-E. Jansson,
K. Lindgren, T. Lohammar and the undersigned.

I have tried to edit the results of this successful workshop in
such a fashion that it will be of interest to a wide range of
readers. There are many detailed results for the specialist
involved in problems of micrometeorology, hydrology, soil science
and plant physiology, and I hope thereader will appreciate the treat-
ment of the different model "philosophies" and process formula-
tions. Had it not been for the unsuspected and remarkable discre-
pancy reported in the second to last paper, the book would probably
have been in print earlier. However, this paper greatly contri-
butes to the value of the book,and,since the delay was reasonable,
I felt that inclusion of the paper was beneficial.

Among those who assisted in preparation of this book I should
mention Ms. L. Heiwall who served excellently as workshop secre-
tary and later Ms. A. Stdlhammar who diligently and patiently
carried this work through the typewriting phases. N. Rollison

made the language conform to standard English, and Ms. B. Myrvik
prepared most of the drawings. The textile artist, Ms. A-B Nylander,
created the exceptional woven picture on the front cover. This
supporting staff, the authors and all other persons who made this
book possible all deserve my profound appreciation.

Material and financial resources generously supplied by the
Swedish Coniferous Forest (SWECON) Project made the workshop
possible. Additional financial support was granted by the National
Council for Research in Agriculture and Forestry and the Planning
and Budgeting Committe at the Faculty of Forestry, the Swedish Uni-
versity of Agricultural Sciences.

Uppsala, August 1979 SWEN HALLDIN
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Foreword

Within the frame of the IUFRO (International Union of Forestry Re-
search Organization) research group Atmospheric Environment (S1.03-
01) a workshop on Energy Exchange Simulation Models was arranged

in Uppsala, Sweden, September 25-30, 1978. This research group, con-
ducted by K. Perttu, Sweden and L.W. Gay, USA, is one of 12 sections
within division S1. There are 6 divisions in the IUFRO. An organiza-
tion plan is presented in the IUFRO Annual Report 1977 (available
from the IUFRO-secretary, A-1131 Vienna, Austria).

During frequent correspondence with Prof. Dr. Albert Baumgartner,
Munich the idea of arranging a workshop in Sweden took form. Prof.
Baumgartner suggested that the workshop should deal with energy ex-
change simulation models, which was a topic of the abiotic group
within the Swedish Coniferous Forest Project (SWECON). During a hy-
drology meeting in Géttingen in October 1977, the first preliminary
plans were discussed with Prof. Baumgartner and Dr. H. Keller (lead-
er of the IUFRO research group S1.03-02 on Forest Hydrology). These
discussions resulted in a suggestion that a limited number of scien-
tists dealing with such simulation models, should be invited. A list
of specially invited scientists was then drawn up.

The main purpose of the IUFRO workshop was to compare different ener-
gy exchange models by using the same input data. These data were ta-
ken from the main research site of SWECON. The comparison was made

on the SWECON computer by means of the ECODATA program package and
the SIMP simulation package. The first section of the book presents
all these data and computer prerequisites for the workshop.

During the late winter 1978, nine models from different countries
were accepted to be run during the workshop. The models were sent
to Uppsala, where the SWECON modellers prepared them for implemen-
tation on the PDP 11/45 computer in Uppsala. In some cases the imp-
lementation was preceded by comprehensive modifications of the mo-
del concerned to fit the Scots pine forest instead of the vegeta-
tion, for which it was originally constructed. The intensive work
of modification and implementation was usually done after several
contacts with the model constructor.

The IUFRO-workshop opened on September 25 with a two-day visit to
the Jddrads Ecological Research Station, where measurements of dri-
ving and validation data were discussed. The precise aim of this
field trip was to provide a background to the data used for the si-
mulations and to give the participants time to become acquainted.
During the field trip the detailed programme for the group sessions



Mode Output Radiation Heat (and vapour) [Profiles in canopy airl)
resolution exchange |
<day xday [Cong- Short- Net ens- Latent Dew [Tempe- Vapour Teaf Stem & Wind C'Uz
wave wave ible rature pressure temp branch
temp.
MICROWeather X X X X X X X X X X X X (X)
ALLAM] X X X X X X X X (X)
SHORTWave X X
CANOPY X X X X X X X X X
HEJMDAL X X X X
SIM5T/12 X X X
WATREG X X
ETGRASs X X
SOIL X X
1) Profiles in CANOPY model is one layer only.
Model Plant Snow Inter- | Soil profiles Perco-
dynamics | ception lation
Water Water Water Photo- Stomatal Water Heat Frost Temp. Water Water ] to
content poten- uptake syn- regula- flux  flux content potend ground
tial thesis tion tial | water
MICROWeather X X X X X X X
ALLAMI (X)
SHORTWave
CANOPY X X X
HEJMDAL X X X X X X X X X
SIM5T/12 X X
WATREG X X X X
ETGRASs X X X X X
SOIL X X X X X X X X X X
odel Input Driving variables
resolution
<day zday | Potential Surface Net Incoming GTobaT Wind  Relative Air Precipita-
evapotrans- resistance radia- longwave radiation speed humidity tempe- tion
piration tion rature
MICROWeather X X X X X X X
ALLAMI X X X X X X
SHORTWave X X
CANOPY X X X X X X X
HEJMDAL X (x) X X X X X X
sims1/122) X X X X X X
WATREG®) X X (X) (X)  (X) (x) X
£T6RASS ) X X (x) X)) X) X
sorc?) X X (X) (x) X Xy (X X X

2) Potential evapotranspiration is calculated within the model.
3) Calculation of potential evapotranspiration normally requires information of variables within brackets.

Table: Brief description of models with respect to processes treated, required
input data and temporal resolution of input and output variables.



