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Arborists and urban foresters are increasingly concerned
with “hazard” trees, tree risk assessment, and tree biome-
chanics. They often refer to “wind loads,” “sail areas,” and
so forth but may have limited knowledge of underlying
concepts, the magnitude of forces involved, or the re-
sponses of trees. While there is extensive tree–wind litera-
ture, relatively little has appeared in tree care publications.
An informal survey of tree care practitioners and academ-
ics found a limited awareness of published material. Yet
tree care professionals, particularly those involved in fo-
rensics and risk management, are frequently asked to pro-
vide definitive opinions. Engineering professionals are
frequently reluctant to offer supporting opinions on trees
in an apparent absence of protocols or standard methods.
The purpose of this article is to introduce tree care pro-
fessionals to a wide range of tree–wind literature. Some
explanation of sources and their interpretation and use is
also provided.
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The work on trees and wind is scattered across a number
of disciplines, each with its own literature. This is signifi-
cant for at least two reasons. First, the information is not
in any single literature that is either familiar to or readily
accessible by tree care professionals. Second, each disci-
pline has its own focus, and the tree care reader must
interpret its literature accordingly to extract particular
material that may be applicable to arboriculture and ur-
ban forestry. These literatures include the following.

Arboriculture and Urban Forestry. Relatively few
works have appeared in this literature, and many of these
have been generally descriptive or have merely surveyed
damage after wind events. The more specific sources tend
to be European and may be unfamiliar to non-European
readers. Some have not been translated into English.

Boundary-Layer Meteorology, which is concerned
with the movement of air over the earth’s surface and
around surface obstacles.

Civil Engineering, which attempts to describe or
model tree–wind phenomena using accepted engineering
principles.

Computer Modeling, which is concerned with
theoretical mathematics or the development of computer
graphics tools but provides useful insight into the analyti-
cal complexity of describing the behavior of trees in
wind.

Disaster and Emergency Management, which is
concerned with predicting and preventing natural hazard
damage.

Forestry, with particular emphases on windthrow
(much of the work comes from the British Isles, Canada,
New Zealand, and Scandinavia) and forest fire.

Hydrology, which is concerned with fluid drag on
submerged and unsubmerged vegetation.

Shelterbelts and Windbreaks, with much of the
work coming from the plains states of the United States,
the prairie provinces of Canada, and mainland China.

Slope Stabilization and Erosion Control, which is
concerned with the stabilizing effects of tree roots, which may
be compromised by windthrow, and the wind-sheltering
effects of tree crowns.

Theoretical Biology and Botany, which is very
academically and analytically focused.

There is some contribution from one literature to an-
other, but in many instances there is no crossover. While
this may be limiting in terms of an informed, overall body
of knowledge, it has allowed certain consistent findings to
emerge from entirely separate lines of inquiry.
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Abstract. Arborists and urban foresters frequently refer to
“wind loads,” “sail areas,” and so forth but may have limited
knowledge of the forces and underlying concepts involved.
While there is extensive tree–wind literature, very little has
appeared in tree care publications. This article presents a col-
lected tree–wind bibliography and some comments on its use.
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Most of the subject material is found in a wide range of
scholarly journals and a few books, including edited col-
lections of articles or conference proceedings. These are
most accessible at major university libraries, particularly at
schools of forestry. The libraries of botanical gardens and
arboreta are also good sources. Some work finds its way
into trade journals in simplified form.

The Internet provides a convenient alternative to search
for sources and often to access them as well. Many journals
are now on-line, with indices and article abstracts available
at no cost. Full text of articles can often be downloaded,
sometimes at no cost but often for a fee. Libraries and
institutions often subscribe for full-text access at no cost to
the end user. A significant limitation is that few on-line
journal materials pre-date the mid-1990s. Earlier works
must still be found in printed form. Increasingly, some ma-
terial is available only on-line and not in print. URL ad-
dresses, if known, are provided in the bibliography for
sources not widely available in printed form.
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The sources have been selected principally for their rel-
evance to tree biomechanics and structure. Selection has
tended to be inclusive rather than exclusive, allowing the
reader to assess the usefulness of listings. A particular effort
has been made to identify recent and advanced works.
There has been significant contribution since the some-
what singular sources of the early 1990s (Niklas 1992;
Vogel 1994; Coutts and Grace 1995). The older works (e.g.,
Sauer et al. 1951; Lai 1955; Mayhead 1973; Coutts 1983;
Deans and Ford 1983; Putz et al. 1983; Grant 1985) refer to
even earlier material.

The bibliography is certainly not complete. There are
additional sources including many cited by the works listed
here. There are, no doubt, many non-English-language
sources that were not found.
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This bibliography should be equally useful to the typical
practitioner, the advanced specialist, or the researcher. The
new reader may benefit from some direction to broadly
instructive material. Wind and Trees (Coutts and Grace
1995) is a comprehensive collection with a forestry per-
spective. Part II, Mechanics of Trees Under Wind Loading,
is particularly useful. Plant Response to Wind (Grace 1977),
Tree Stability (Bell et al. 1990) and Understanding Wind
Forces on Trees (Wood 1995) clearly introduce basic con-
cepts. The Windthrow Handbook for British Columbia Forests

(Stathers et al. 1994) provides a straightforward treatment
of the mechanics of windthrow. Life in Moving Fluids
(Vogel 1994), widely regarded as an indispensable refer-
ence, and Chapter 9 in Plant Biomechanics (Niklas 1992)
are excellent introductions to fluid mechanics. Vogel’s
Chapter 6 (1994), as well as his 1996 article in this jour-
nal, deal specifically with trees. Additional sources in-
tended specifically for tree care include Sinn and Wessolly
1989, Wessolly 1996, Chaney 1997, Telewski 1998, Wessolly
and Erb 1998, Alaoui et al. 1999, Foret et al. 1999, Coder
2000a-d, Mattheck and Bethge 2000, and Chaney 2001.

The informed reader may be able to select useful entries
simply by scanning the titles and may look to the more
narrowly focused or even seemingly off-point sources to find
analytical or quantitative methods or experimental data ap-
plicable to particular problems.

It is conventional in the scholarly literature to use SI
(Systeme International) units. These units are often unaccompa-
nied by English equivalents. In day-to-day practice, wind ve-
locity is customarily reported in miles or kilometers per hour,
knots, Beaufort force numbers, or Simpson-Saffir numbers
rather than the SI convention, meters per second. The reader
should have access to appropriate conversion factors.

The reader should remember that wind is only one
factor in the structural behavior of trees. Useful under-
standing of that behavior also requires knowledge of cli-
matology, root anchorage and soils, tree biomechanics
(e.g., Coder 2000d, and Niklas 1992), wood and root
properties and strength, and other fields. Practical applica-
tion may also require a knowledge of risk management or
applicable codes and standards. These other fields are gen-
erally beyond the scope of this collection.

�����	������

Abbey, D.G. 1998. Hurricane-resistant landscapes. City Trees,
The Journal of the Society of Municipal Arborists 34(6),
http://www.urban-forestry.com/citytrees/v34n6a04.html
and 34(3), http://www.urban-forestry.com/citytrees/v34n3a04.
html (accessed 06/26/01).

Alaoui, A. Soulimani, G. Foret, and H. Bossuat. 1999. Wind
stability analysis of urban trees (Analyse de la stabilité au vent
des arbres), pp 279–287. In Lemattre, M., P. Lemattre, and F.
Lemaire (Eds.). Proceedings of an International Symposium
on Urban Tree Health, Paris, 22–26 September 1997. Acta
Horticulturae 496.

Allen, J.R.L. 1992. Trees and their response to wind: Mid-
Flandrian strong winds, Severn Estuary and inner Bristol
channel, Southwest Britain. Philosophical Transactions of the
Royal Society of London, B-Series 338(1286):335–364.



43Journal of Arboriculture 28(1): January 2002

Asner, G.P., and G. Goldstein. 1997. Correlating stem
biomechanical properties of Hawaiian canopy trees with
hurricane wind damage. Biotropica 29:145–150.

Baker, C.J. 1995. The development of a theoretical model for
the windthrow of plants. Journal of Theoretical Biology
175:355–372.

Baker, C.J. 1997. Measurements of the natural frequencies of
trees. Journal of Experimental Botany 48(310):1125–1132.

Baker, C.J. 1999. Modeling the failure of trees in high winds. In
Larsen, A., G.L. Larose, and F.M. Livesey (Eds.). Wind
Engineering into the 21st Century—Proceedings of the 10th
International Conference on Wind Engineering, Copenhagen,
Denmark, 21–24 June 1999. A.A. Balkema Publishers,
Rotterdam, The Netherlands. 2062 pp.

Barsch, Dietrich. 1963. Wind, baumform und landschaft / Dietrich
Barsch. In Studien zum problem der deformation von
baumkronen durch wind. Freiburger Geographische Hefte H1.
Albert-Ludwigs-Universitaet, Geograph. Institut 1, Freiburg,
Germany.

Bell, H.J., A.R. Dawson, C.J. Baker, and C.J. Wright. 1990. Tree
stability, Paper 13, pp 94–101. In Forestry Commission Bulletin
97, United Kingdom.

Blackburn, G.R., and B.A. Gardiner. 1997. The growth response of
Sitka spruce to changes in wind loading. In Proceedings of the
2nd Plant Biomechanics Conference. Centre for Biomimetics,
The University of Reading, Reading, United Kingdom.

Blackburn, P., J.A. Petty, and K.F. Miller. 1988. An assessment of
the static and dynamic factors involved in windthrow. Forestry
61:29–43.

Bonser, R.C.H., and A.R. Ennos. 1998. Measurement of pre-
strain in trees: Implications for the determination of safety
factors. Functional Ecology 12(6):971–974.

Brandle, James R., and Sherman Finch. No date. How Windbreaks
Work. EC 91-1763B University of Nebraska Extension,
Lincoln, NE. 5 pp.

Brandle, J.R., and D.L. Hintz (Eds.). 1988. Proceedings of an
International Symposium on Windbreak Technology, Lincoln,
Nebraska, 23–27 June 1986. Agriculture, Ecosystems and
Environment, Special Issue 22/23:1–597. http://www.nhq.
nrcs.usda.gov/BCS/forest/wind/how.pdf (accessed 07/24/01).

Brown, Michael J., and Michael D. Williams. 1998. An urban canopy
parameterization for mesoscale meteorological models. LA-UR-
98-3831. Los Alamos National Laboratory, Los Alamos, NM.
http://www.nn.doe.gov/cbnp/pdf/la_ur_98_3831.pdf
(accessed 6/26/01).

Burdekin, D.A. 1967. Gale damage to amenity trees. Arboricultural
Journal 3:181–189.

Burdett, A.N., H. Coates, R. Eremko, and P.A.F. Martin. 1986.
Toppling in British Columbia’s lodgepole pine plantations:
Significance, cause and prevention. The Forestry Chronicle
62(5):433–439.

Cameron, A.D., and R.A. Dunham. 1999. Strength properties of
wind- and snow-damaged stems of Picea sitchensis and Pinus

sylvestris in comparison with undamaged trees. Canadian
Journal of Forest Research 29(5):595–599.

Canham, Charles D., Michael J. Papaik, and Erika F. Latty. 2001.
Interspecific variation in susceptibility to windthrow as a
function of tree size and storm severity for northern temperate
tree species. Canadian Journal of Forest Research 31(1):1–10.

Casada, A.H., L.R. Walton, and L.D. Sweetman. 1980. Wind
resistance of burley tobacco as influenced by depth of plants
in soil. American Society of Agricultural Engineering Transactions
23:1009–1011.

Central Research Institute of Electric Power Industry (CRIEPI).
No date. Greenery that can beautify the landscape and
withstand the blast of salt laden onshore winds. CRIEPI News
No. 293 (in Japanese). Central Research Institute of Electric
Power Industry, Tokyo. Abstract at http://criepi.denken.or.jp/
PR/News/home293/Conte293-e.html (accessed 07/02/01).

Chaney, William R. 1997. How wind affects trees. Western Arborist,
the Western Chapter ISA Magazine 23(4):11–17.

Chaney, William R. 2001. How wind affects trees. Indiana
Woodland Steward 10(1). http://www.fnr.purdue.edu/inwood/
windaffe.htm (accessed 07/223/01).

Chiba, Yukihiro. 2000. Modelling stem breakage caused by
typhoons in plantation Cryptomeria japonica forests. Forest
Ecology And Management 135(1–3):123–131.

Coder, Kim D. 1999. Hurricanes, Trees & Forests: A Selected
Bibliography. University of Georgia School of Forest
Resources. Extension Publication FOR99-023. http://
www. fo re s t r y.uga . edu/war ne l l / s e r v i ce/ l ib r a r y/
index .php3?doc ID=400&docHi s to r y%5B%5D=
2&docHistory%5B%5D=413 (accessed 6/26/01).

Coder, Kim D. 2000a. Estimating Wind Forces on Tree Crowns.
University of Georgia School of Forest Resources. Extension
Publication FOR00-31. http://www.forestry.uga.edu/warnell/
s e r v i c e / l i b r a r y / i n d e x . p h p 3 ? d o c I D =
175&docHistory%5B%5D=12 (accessed 06/27/01).

Coder, Kim D. 2000b. Pruning Guide for Storm Force
Reduction in Trees. University of Georgia School of Forest
Resources. Extension Publication FOR00-27. http://
www. fo re s t r y.uga . edu/war ne l l / s e r v i ce/ l ib r a r y/
index .php3?doc ID=411&docHi s to r y%5B%5D=
2&docHistory%5B%5D=413 (accessed 6/26/01).

Coder, Kim D. 2000c. Sway Frequencies in Tree Stems.
University of Georgia School of Forest Resources. Extension
publication FOR00-24. http://www.forestry.uga.edu/warnell/
s e r v i c e / l i b r a r y / i n d e x . p h p 3 ? d o c I D =
408&docHistory%5B%5D=2&docHistory%5B%5D=413
(accessed 6/26/01).

Coder, Kim D. 2000d. Tree Biomechanics Series. University of
Georgia School of Forest Resources. Extension Publications
FOR 00-13 to 32, indexed at http://www.forestry.uga.edu/
wa r n e l l / s e r v i c e / l i b r a r y / i n d e x . p h p 3 ? d o c I D =
413&docHistory%5B%5D=2 (accessed 6/26/01).



44 Cullen:Trees and Wind: A Bibliography for Tree Care Professionals

Cohen, Dan, and Marc Mangel. 1999. Investing for survival of rare
severe stresses in heterogeneous environments. Evolutionary
Ecology Research 1:987–1002.

Cooper-Ellis, Sarah, Gary Carlton, David R. Foster, and Ann
Lezberg. 1999. Forest response to catastrophic wind: Results
from an experimental hurricane. Ecology 80(8):2686–2693.

Copeland, Ronald R. 2000. Determination of Flow Resistance
Coefficients Due to Shrubs and Woody Vegetation. Technical
Note ERDC/CHL HETN-II-3. Coastal and Hydraulics
Laboratory, U.S. Army Engineer Research and Development
Center, Vicksburg, MS. 8 pp. http://chl.wes.army.mil/library/
publications/hetn/hetn-ii-3.pdf (accessed 06/27/01).

Cordero, Roberto A. 1999. Ecophysiology of Cecropia schreberiana
saplings in two wind regimes in an elfin cloud forest: Growth,
gas exchange, architecture and stem biomechanics. Tree
Physiology 19(3):153–163.

Cornelis, W.M., D. Gabriels, and T. Lauwaerts. 1997. Simulation
of windbreaks for wind-erosion control in a wind tunnel. In
Proceedings of Wind Erosion: An International Symposium/
Workshop. USDA Agricultural Research Service, Wind
Erosion Laboratory, Manhattan, KS. 8 pp. http://www.
weru.ksu.edu/symposium/proceedings/cornelis.pdf
(accessed 07/17/01).

Coutts, M.P. 1983. Root architecture and tree stability. Plant
and Soil 71:171–188.

Coutts, M.P. 1986. Components of tree stability in Sitka spruce
on peaty gley soil. Forestry 59(2):173–197.

Coutts, M.P., and J. Grace (Eds.). 1995. Wind and Trees.
Cambridge University Press, Cambridge, England. 501 pp.
Description and chapter list at http://uk.cambridge.org/
biosciences/catalogue/0521460379/default.htm#contents
(accessed 6/26/01).

Cutler, D.F., P.E. Gasson, and M.C. Farmer. 1990. The wind
blown tree survey: Analysis of results. Arboricultural Journal
14(3):265–286.

David Reed and Associates, Salix Associates, Sperry Tree Care
Company, and Whitney Lueck. 2000. Windthrow analysis,
pp 71–76 (Chapter 6). In Forest Health & Safety in
Hendricks Park Forest Management Plan. City of Eugene,
Public Works Department, Eugene, OR. 126 pp. http://
www.c i . eugene.o r. u s /PW/PARKS/Hend r i ck s /
Mgmt%20Plan%20Ch6.pdf (accessed 6/23/01).

Deans, J.D., and E.D. Ford. 1983. Modelling root structure and
stability. Plant and Soil 71:189–195.

De Blieu, Jan. 1998. The voices of the trees, Chapter 5. In Wind:
How the Flow of Air Has Shaped Life, Myth and the Land.
Houghton Mifflin Company, Boston, MA. 249 pp.

Denny, Mark W. 1994. Extreme drag forces and the survival of
wind and water swept organisms. The Journal of Experimental
Biology 194(1):97–115.

Dong, Zhi-Bao, Shang-Yu Gao, and D.W. Fryrear. 2000. Drag
measurement of standing vegetation-clod cover surface. Journal
of Soil and Water Conservation 14(1):1–17. http://www.i-

power.com.cn/ipower/library/trqsystbcxb/stbc2000/0001/
000102.htm (accessed 07/05/01).

Duryea, Mary L. 1997. Wind and Trees: Surveys of Tree Damage in
the Florida Panhandle after Hurricanes Erin and Opal (Circular
1183). University of Florida, School of Forest Resources and
Conservation, Cooperative Extension Service, Institute of
Food and Agricultural Sciences. 7 pp. http://edis.ifas.ufl.edu/
pdffiles/FR/FR01000.pdf (accessed 06/26/01).

Duryea, M.L., G.M. Blakeslee, W.G. Hubbard, and R.A. Vasquez.
1996. Wind and trees: A survey of homeowners after
Hurricane Andrew. Journal of Arboriculture 22(1):44–50.

Eklund, Lief, and Harald Säll. 2000. The influence of wind on
spiral grain formation in conifer trees. Trees, Structure and
Function 14(6):324–328.

England, A.H., C.J. Baker, and S.E.T. Saunderson. 2000. A dynamic
analysis of windthrow of trees. Forestry 73(3):225–237.

Ennos, A.R. 1999. The aerodynamics and hydrodynamics of
plants. The Journal of Experimental Biology 202:3281–3284.

Everham, Edwin M., III. 1996. A Bibliography of Catastrophic
Wind Impacts on Forest Vegetation. 24 pp. http://sunites.
upr.clu.edu/sunceer/DATA/win/win-dbib.htm (accessed
06/26/01; last updated 02/03/96).

Ezquerra, F.J., and L.A. Gill. 2001. Wood anatomy and stress
distribution in the stem of Pinus pinaster Ait. Investigación
Agraia: Serie Sistemas y Recursos forestales 10(1):165–177.
Instituto Nacional de Investigación y Tecnología Agraria y
Alimentaria (INIA), Ministerio de Ciencia y Tecnología
Espania, Madrid. http://ntcpdc.inia.es/IASPF/2001/vol10/
ezque.PDF (accessed 10/07/01).

Fischenich, Craig. 2000. Resistance Due to Vegetation. EMRRP
Technical Notes Collection (ERDC TN-EMRRP-SR-07).
U.S. Army Engineer Research and Development Center,
Vicksburg, MS. 9 pp. http://www.wes.army.mil/el/emrrp/
pdf/sr07.pdf (accessed 06/26/01).

Fischenich, Craig, and Syndi Dudley. 1999. Determining Drag
Coefficients and Area for Vegetation. EMRRP Technical
Notes Collection (ERDC TN-EMRRP-SR-08). U.S.
Army Engineer Research and Development Center,
Vicksburg, MS. 14 pp. http://www.wes.army.mil/el/emrrp/
pdf/sr08.pdf (accessed 06/26/01).

Flesch, Thomas K., and John D. Wilson. 1999a. Wind and remnant
tree sway in forest cutblocks. I. Measured winds in
experimental cutblocks. Agricultural and Forest Meteorology
(93)4:229–242.

Flesch, Thomas K., and John D. Wilson. 1999b. Wind and
remnant tree sway in forest cutblocks. II. Relating measured
tree sway to wind statistics. Agricultural and Forest
Meteorology (93)4:243–258.

Foret, G., A. Alaoui Soulimani, H. Bossuat, and J.L. Laurençot.
1999. CILVA: A software for the evaluation of wind stability
of trees (Un logiciel pour l’aide à l’évaluation de la stabilité
des arbres au vent), pp 289–297. In Lemattre, M., P. Lemattre,
and F. Lemaire (Eds.). Proceedings of an International



45Journal of Arboriculture 28(1): January 2002

Symposium on Urban Tree Health, Paris, 22–26, September
1997. Acta Horticulturae 496.

Fournier-Djimbi, M., and B. Chanson. 1999. Biomechanics of
trees and wood for hazardous tree assessment, pp 197–208. In
Lemattre, M., P. Lemattre, and F. Lemaire (Eds.). Proceedings
of an International Symposium on Urban Tree Health, Paris,
22–26, September 1997. Acta Horticulturae 496.

Francis, J.K., and A.J.R. Gillespie. 1993. Relating gust speed to tree
damage in Hurricane Hugo, 1989. Journal of Arboriculture
19:368–373.

Fraser, A.I. 1962. Wind tunnel studies of the forces acting on the
crowns of small trees, pp 178–183. In Annual Research
Report of the Forestry Commision, United Kingdom.

Fredericksen, T.S., R.L. Hedden, and S.A. Williams. 1993.
Testing loblolly pine wind firmness with simulated wind
stress. Canadian Journal of Forest Research 23:1760–1765.

Fridman, J., and E. Valinger. 1998. Modelling probability of snow
and wind damage using tree, stand, and site characteristics
from Pinus sylvestris sample plots. Scandinavian Journal of
Forest Research 13:348–356.

Gaffrey, Dieter. 2000. Stress distribution in a stem of a 64-year
old Douglas fir simulated with a 3D-tree and load model, pp
425–431. In Spatz, H.-C., and T. Speck (Eds.). Plant
Biomechanics 2000, Proceedings of the 3rd Plant
Biomechanics Conference Freiburg-Badenweiler, Germany,
27 August–2 September 2000. Georg Thieme-Verlag, Stuttgart,
Germany. Text at http://www.uni-forst.gwdg.de/~dgaffre/
publikation/gaffrey_elastomechanics_douglas_paper_2000.pdf;
slide show at http://www.uni-forst.gwdg.de/~dgaffre/
publikation/gaffrey_elastomechanics_douglas_talk_2000.pdf
(accessed 06/26/01).

Galinski, Wojciech. 1989. A windthrow-risk estimation for
coniferous trees. Forestry 62(2):139–146.

Gardiner, Barry A. 1989. Wind–Tree Interaction Studies in Sitka
Spruce Plantations. Research Information Note 150.
Forestry Commission, Edinburgh, Scotland.

Gardiner, Barry. 1992. Wind and wind forces acting in a
plantation of spruce trees. Boundary-Layer Meteorology
67:161–186.

Gardiner, Barry A. 1994. Wind and wind forces in a plantation
spruce forest. Boundary-Layer Meteorology 67:161–186.

Gardiner, Barry A., Heli Peltola, and S. Kellomaki. 2000.
Comparison of two models for predicting the critical wind
speeds required to damage coniferous trees. Ecological
Modelling 129:1–23.

Gardiner, Barry A., and C.P. Quine. 1994. Wind damage to
forests. Biomimetics 2:139–147.

Gardiner, Barry A., and C.P. Quine. 2000. Management of
forests to reduce the risk of abiotic damage—A review with
particular reference to the effects of strong winds. Forest
Ecology and Management. 135(1–3):261–277.

Gayev, Y., and E. Savory. 1999. Wind tunnel investigations of the
flow associated with a complex canopy. In Larsen, A., G.L.

Larose, and F.M. Livesey (Eds.). Wind Engineering into the
21st Century—Proceedings of the 10th International
Conference on Wind Engineering, Copenhagen, Denmark,
21–24 June 1999. A.A. Balkema Publishers, Rotterdam, The
Netherlands. 2062 pp.

Gonzalez, Sally (Ed.). 2001. Trees and Hurricanes. Proceedings of
the Sixth Caribbean Urban Forestry Conference, San Juan
Puerto Rico, 19–20 June 2001. UPR-RUM-CCA-Extension
Service (University of Puerto Rico, Mayagüez Campus,
College of Agriculture-Extension Service), Mayaguez, PR.

Grace, John. 1977. Plant Response to Wind. Academic Press,
New York, NY. 204 pp.

Grant, P.F., and W.G. Nickling. 1998. Direct field measurement
of wind drag on vegetation for application to windbreak
design and modeling. Land Degradation and Development
9(1):57–66.

Grant, Richard H. 1983. The scaling of flow in vegetative
structures. Boundary-Layer Meteorology 27:171–184.

Grant, Richard H. 1984. The mutual interference of spruce canopy
structural elements. Agricultural and Forest Meteorology
32:145–156.

Grant, R.H. 1985. The influences of the physical attributes of a
spruce shoot on momentum transfer. Agricultural and Forest
Meteorology 36:7–18.

Gross, Günter. 1993. Air flow around and through individual
trees, pp 34–91 (Chapter 3). In Numerical Simulation of
Canopy Flows. Springer-Verlag, Berlin, Germany. 167 pp.

Gratkowski, H.J. 1956. Windthrow around staggered settings in
old-growth Douglas-fir. Forest Science 2:60–74.

Guan, De-xin, and Ting-yao Zhu. 1998. Theoretical analysis of the
wind-resisting ability of windbreak related to the structure.
Journal of Beijing Forestry University 20(4):119–121.

Guan, De-xin, and Ting-yao Zhu. 2000. Wind tunnel
experiment on canopy structural parameters of isolated tree
and wind velocity field characters nearby. Chinese Journal of
Applied Ecology 11(2):202–204.

Guan, De-xin, Ting-yao Zhu, and Shi-jie Han. 2000. Wind tunnel
experiment of drag of isolated tree models in surface boundary
layer. Journal of Forestry Research (China) 11(3):156–160.

Hagen, E.J. 1971. Windbreak drag as influenced by porosity, pp
464–465. In Transactions of the American Society of
Aeronautical Engineering 14(3):464–465.

Haller, J.M. 1990. Aerodynamic features of the tree. Journal of
Arboriculture 16(9):244–252.

Harrington, Constance A., and Dean S. DeBell. 1996. Above- and
below-ground characteristics associated with wind toppling
in a young Populus plantation. Trees, Structure and Function
11(2):109–118.

Haritos, N., and K. James. 1996. Tree cable loads during high
winds: Part 1—Effect of wind excitation, Chapter 26. In
Session Proceedings, Australian Wind Engineering Society,
Fifth Workshop on Wind Engineering, 22–23 February
1996, Tanuda, South Australia.



46 Cullen:Trees and Wind: A Bibliography for Tree Care Professionals

Harris, A.S. 1989. Wind in the forests of southeast Alaska and guides
for reducing damage. General Technical Report PNW-244.
USDA Forest Service, Pacific Northwest Research Station,
Portland, OR.

Hassinen, Alpo, Matti Lemettinen, Heli Peltola, Seppo
Kellomäki, and Barry Gardiner. 1998. A prism-based system
for monitoring the swaying of trees under wind loading.
Agricultural and Forest Meteorology (90)3:187–194.

Hatfield, J. L. 1989. Aerodynamic properties of partial canopies.
Agricultural and Forest Meteorology 46:15–22.

Hayes, Ed. 1999. Patterns of tree failure. Tree Care Industry 10(4):37–
42. Also at http://www.dnr.state.mn.us/forestry/publications/
forestdi/june99/06019909.html (accessed 6/23/01).

He, Zongying, Shenggong Li, and Yoshinobu Harazono. 1997.
Wind-sandy environment and the effects of vegetation on wind
breaking and dune fixation in Horqin sandy land, China. In
Proceedings of Wind Erosion: An International Symposium/
Workshop. USDA Agricultural Research Service, Wind Erosion
Laboratory, Manhattan, KS. 7 pp. http://www.weru.ksu.edu/
symposium/proceedings/he.pdf (accessed 7/5/01).

Hedden, R.L., T.S. Fredericksen, and S.A. Williams. 1995.
Modeling the effect of crown shedding and streamlining on
the survival of loblolly pine exposed to acute wind. Canadian
Journal of Forest Research 25:704–712.

Hennessey, J.P. 1980. A critique of “trees as a local climatic
indicator.” Journal of Applied Meteorology 19:1020–1023.

Heisler, Gordon, M., and David R. DeWalle. 1988. Effects of
windbreak structures on wind flow. Agriculture, Ecosystems
and Environment 22/23:41–69.

Herbert, Darrell A., James H. Fownes, and Peter M. Vitousek.
1999. Hurricane damage to a hawaiian forest: Nutrient supply
rate affects resistance and resilience. Ecology 80(3):908–920.

Hidenori, Takahashi. 1978. Wind tunnel test on the effect of
width of windbreak on the wind speed distribution leeward.
Journal of Agricultural Meteorology 33(4):183–187.

Holbo, H.R., T.C. Corbett, and P.J. Horton. 1980. Aeromechanical
behavior of selected Douglas fir. Agricultural Meteorology
21:81–91.

Hutchison Avenue Software. 1997. Tree Druid: A Procedural
Modeler Plug-In for the Generation and Animation of Botanical
Trees. The Hutchison Avenue Software Corporation, Montréal,
Quebec. http://bgr.hasc.com/bgr/ (accessed 06/27/01).

Hütte, P. 1968. Experiments on windflow and wind damage in
Germany; site and susceptibility of spruce forests to storm
damage. Forestry (Supplement):20–26.

Inoue, Takeshi, Yasumasa Iwanaga, and Hiroshi Seimiya. No date.
Study for the Wind Resistance Strength of Naturally Regener-
ated Trees on Slopes. Nihon Doro Kodan Research Institute
Report Vol.25. Japan Highway Public Corporation, Machida
City, Japan. Abstract at http://www.jhri.japan-highway.go.jp/
Service/report/report2502-e.html (accessed 07/02/01).

James, K., and N. Haritos. 1996. Tree cable loads during high
winds: Part 2. Results from measurements, Chapter 27. In
Session Proceedings, Australian Wind Engineering Society,

Fifth Workshop on Wind Engineering, 22–23 February 1996,
Tanuda, South Australia.

Jenter, Harry, Raymond Schaffranek, Jonathan Lee, and Virginia
Carter. 2001. Vegetative Resistance to Flow in the Everglades
(project summary with links to individual reports and papers).
U.S. Geological Survey, Place-Based Studies Program, South
Florida Information Access (SOFIA), West Palm Beach, FL.
http://sofia.usgs.gov/projects/vege_resist/ (accessed 07/05/01).

Johnson, R.C., G.E. Ramsey, and D.S. O’Hagen. 1982. Wind
induced forces on trees. ASME Journal of Fluids Engineering
104:25–30.

Kaluza T. 1999. Laboratory determination of dimensionless drag
coefficient of bushes in flood plain channel. Roczniki Akademii
Rolniczej im. A. Cieszkowskiego w Poznaniu CCCX, Seria:
Melior. Inz. Srod. 20, cz. II, s. 23–29. (In Polish).

Kaluza, T. 2000. Struktura roslinnosci krzewiastej i jej wplyw na
przepustowosc terenów zalewowych (Structure of bushes
and their influence on drainage of flood plains), pp 183–188
in XX Ogólnopolska Szkola Hydrauliki nt.: Wspólczesne
Problemy Hydrauliki Wód Sródladowych (Contemporay
Hydological Problems of Midland Watersheds, in Polish).
Wyd. IBW PAN, Gdansk, Poland.

Kerzenmacher, Tobias, and Barry Gardiner. 1998. A mathematical
model to describe the dynamic response of a spruce tree to
the wind. Trees, Structure and Function 12(6):385–394.

King, D.A. 1986. Tree form, height growth, and susceptibility to
wind damage in Acer saccharum. Ecology 67:980–990.

Koeppl, Gerald W. 1982. Griggs-Putnam index of wind
deformation of trees, pp 281–286 (Chapter 2 in Part 2). In
Putnam’s Power from the Wind (2nd ed.). Van Nostrand
Reinhold Company, New York, NY. 470 pp.

Koizumi, Akio. 1987. The estimation of the stability of plantation-
grown conifers against wind force, Chapter 5. In Studies on the
Estimation of the Mechanical Properties of Standing Trees by
Non-Destructive Bending Test. Research Bulletin of
Hokkaido University Forest 44(4):1329–1416. Abstract at
http://pc3.nrs-unet.ocn.ne.jp/~exfor/FR/resbull/eng/v44/
44(4)7e.htm (accessed 07/06/01).

Kouwen, N., and M. Fathi-Moghadam. 2000. Friction factors for
coniferous trees along rivers. Journal of Hydraulic Engineering
126(10):732–740.

Krasowski, M.J., C.D.B. Hawkins, H. Coates, and P.K. Ott. 1996.
Static tests of lodgepole pine stability in the central interior
of British Columbia. Canadian Journal of Forest Research
26(8):1463–1472.

Lai, W. 1955. Aerodynamic Crown Drag of Several Broadleaf
Species. Interim Technical Report AFSWP-863, September
1955. USDA Forest Service, Division of Forest Fire Research,
Washington, DC. 27 pp.

Lambert, Michael B., Hormoz Zareh, Craig A. Spolek, and Kejian
Wang. 1994. Assessing the Structural Integrity of Conifer Trees
Under Wind Loads: A Preliminary Study. Council on Forest
Engineering, Corvallis, OR.



47Journal of Arboriculture 28(1): January 2002

Lehoucq, Roland, 2000. Idées de physique: Grandeur et décadence
des arbres (Ideas of physics: rise and fall of the trees) Pour la
Science Online 268. 4 pp. http://www.pourlascience.com/
numeros/pls-268/physique.htm (accessed 6/18/01).

Lekes, Vladimir, and Ivo Dandul. 1999. Wind Damage Risk
Classification (WINDARC). Help Forest, Olomouc, Czech
Republic. http://www.volny.cz/helpforest/WINDARC/
(accessed 06/26/01).

Lin, Xia-zhen, Tie-biao Zhang, and Yang-hua Wang. 1999.
Counter-measures raising wind resistance of street trees.
Journal of Zhejiang Forestry College (China) No. 2, 1999.

Liu, Heping, Shuhua Liu, Tingyao Zhu, Changjie Jin, and Fanzhi
Kong. 1997. Turbulence structure characteristics within and
above Changbai Mountain Forest. Journal (Natural Science)
of Peking University 33(2):246–253. Abstract at http://
www.pku.edu.cn/academic/xb/97/_97e219.html (accessed
6/28/01).

Liu, Heping, Shuhua Liu, Tingyao Zhu, Changjie Jin, Fanzhi
Kong, and Dexin Guan. 1997. Determination of
aerodynamic parameters of Changbai Mountain Forest.
Journal (Natural Science) of Peking University 33(4):522–
528. Abstract at http://www.pku.edu.cn/academic/xb/97/
_97e416.html (accessed 6/28/01).

Liu, Shuhua, Heping Liu, M. Xu, M.Y. Leclerc, Ting-yao Zhu,
Changjie Jin, Zhongxiang Hong, Jun Li, and Huizhi Liu.
2001. Turbulence spectra and dissipation rates above and
within a forest canopy. Boundary-Layer Meteorology
98(1):83–102. Abstract at http://www.wkap.nl/oasis.htm/
273787 (accessed 07/01/01).

Lohmander, P., and F. Helles. 1987. Windthrow probability as a
function of stand characteristics and shelter. Scandinavian
Journal of Forest Research 2:227–238.

Massman, W.J. 1987. A comparative study of some mathematical
models of the mean wind structure and aerodynamic drag of
plant canopies. Boundary-Layer Meteorology 40:179–197.

Massman, W.J. 1997. Analytical one-dimensional model of
momentum transfer by vegetation of arbitrary structure.
Boundary-Layer Meteorology 83(3):407–421.

Massman, W.J. 1999. A model study of kB
H

–1 for vegetated
surfaces using ‘localized near-field’ Lagrangian theory. Journal
of Hydrology 223(1–2):27–43.

Mattheck, Claus. 2000. Comments on ‘Wind-induced stresses in
cherry trees: evidence against the hypothesis of constant
stress levels’ by K.J. Niklas, H.C. Spatz. Trees, Structure and
Function 15:63.

Mattheck, Claus, and Klaus Bethge. 2000. Simple mathematical
approaches to tree biomechanics. Arboricultural Journal
24(4):307–326.

Mattheck, Claus, and Helge Breloer. 1994. The Body Language
of Trees, A Handbook of Failure Analysis. Her Majesty’s
Stationery Office, London, Enland. 240 pp.

Mattheck, Claus, J. Schafer, and M. Teshner. 1997. Mechanical
control of root growth: A computer simulation. Journal of
Theoretical Biology 184(3):261–269.

Mayer, H. 1987. Wind-induced tree sways. Trees, Structure and
Function 1:195–206.

Mayer, H. 1989. Windthrow. Philosophical Transactions of the
Royal Society of London, B-Series 324:267–281.

Mayhead, G.J. 1973. Some drag coefficients for British forest trees
derived from wind tunnel studies. Agricultural Meteorology
12:123–130.

McElwaine, Jim. 1998. Air flow and snow transport through arboreal
wind breaks. Institute of Low Temperature Science, Hokkaido
University, Sapporo, Japan. http://duvel.lowtem.hokudai.ac.jp/
publications/wind_break/wind_break/ (4/2/98) accessed 06/
27/01).

McGraw, Jim. 1999. Facts and fallacies about storm-proofing
trees. Tree Care Industry 10(10):7–14.

Milne, R. 1991. Dynamic swaying of Picea sitchensis. Tree
Physiology 9:383–399.

Miller, D.R., J.D. Lin, and Z.N. Lu. 1991. Some effects of
surrounding forest canopy architecture on the wind field in
small clearings. Forest Ecology and Management 45(1–4):79–91.

Miller, K.F. 1986. Windthrow hazard in conifer plantations. Irish
Forestry 43:66–78.

Mitchell, Stephen J. 1995. The windthrow triangle: A relative
windthrow hazard assessment procedure for forest managers.
The Forestry Chronicle 71 (4):446–450.

Mitchell, Stephen J. 1998. A diagnostic framework for windthrow
risk estimation. The Forestry Chronicle 74(1):100–105.

Mitchell, Stephen J. 2000. Forest health: Preliminary interpretations
for wind damage. In Stand Density Management Diagrams.
Forest Practices Branch, BC Ministry of Forestry, Victoria,
BC. 40 pp. http://www.for.gov.bc.ca/hfp/pubs/standman/
WD%2029Mar00.pdf (accessed 06/27/01).

Moneypenny, Michael L. 1996. Tornadogenesis and Widespread
Wind Damage from A Low-Topped Squall Line. Eastern
Region WSR-88D Operations Note No. 6 (October).
National Weather Service Forecast Office, Raleigh, NC.
http://www.nws.noaa.gov/er/rah/research/squall.html
(accessed 6/24/01).

Moore, John R. 2000. Differences in maximum resistive bending
moments of Pinus radiata trees grown on a range of soil types.
Forest Ecology and Management 135(1–3):63–71.

Moore, John R., and Douglas A. Maguire. 2001. The mechanical
behavior of trees under wind loading: Influence of crown
properties and structure, pp193–203. In Mitchell, S.J., and J.
Rodney (Compilers).Windthrow Assessment and Management
in British Columbia. Proceedings of the Windthrow Researchers
Workshop 31 January–1 February 2001. Richmond, British
Columbia. University of British Columbia, Department of
Forest Sciences, Vancouver, BC. 229 pp. http://www.fcsn.bc.ca/
Proceedings/windthrow.pdf (accessed 6/10/01).

Morgan, J., and M.G.R. Cannell. 1987. Structural analysis of
tree trunks and branches: Tapered cantilever beams subjected
to large deflections under complex loading. Tree Physiology
3:365–374.



48 Cullen:Trees and Wind: A Bibliography for Tree Care Professionals

Morgan, John, and Melvin G.R. Cannell. 1994. Shape of tree
stems—A re-examination of the uniform stress hypothesis.
Tree Physiology 14:49–62.

Mulqueen, J., J. McHale, and M. Rodgers. 1999. Reducing
Windthrow Losses in Farm Forestry. Research Report, Teagasc
(Irish Agriculture and Food Development Authority). 17 pp.
http://www.teagasc.ie/research/reports/forestry/4315/eopr-
4315.pdf (accessed 06/27/01).

Munishi, P.K.T., and S.A.O. Chamshama. 1994. A study of wind
damage on Pinus patula stands in Southern Tanzania. Forest
Ecology and Management 63(1):13–21.

Musselman, R.C., G.L. Wooldridge, D.G. Fox, and B.H. Connell.
1990. Using wind-deformed conifers to measure wind
patterns in alpine transition at GLEES, pp 80–85. In Schmidt,
W.C., and K.J. McDonald (Compilers). Proceedings—
Symposium on Whitebark Pine Ecosystems: Ecology and
Management of a High-Mountain Resource, Bozeman,
Montana, 29–31 March 1989. Intermountain Station General
Technical Report INT-270.

Newara, Mohamed H. 1999. Engineering made natural: Walt
Disney designers engineer a structure borrowed from Mother
Nature. Structure (summer issue). http://dwp.bigplanet.com/
engineers/structure06993/ (accessed 06/26/01).

Nicoll, Bruce C., and Duncan Ray. 1996. Adaptive growth of
tree root systems in response to wind action and site
conditions. Tree Physiology 16:891–898.

Nicholls, J.W.P. 1982. Wind action, leaning trees and compression
wood in Pinus radiata D. Don. Australian Forest Research
12(2):75–91.

Ni Dhubhain, A., J. Walshe, M. Bulfin, M. Keane, and P. Mills.
2001. The initial development of a windthrow risk model
for Sitka spruce in Ireland. Forestry 74(2):161–170.

Nielsen, C.C.N. 1995. Recommendations for stabilization of
Norway spruce stands based on ecological surveys, pp 424 ff. In
Coutts, M.P., and J. Grace (Eds.). Wind and Trees. Cambridge
University Press, Cambridge, England.

Niklas, Karl. J. 1992. Plant Biomechanics: An Engineering
Approach to Plant Form and Function. University of Chicago
Press, Chicago, IL. 607 pp.

Niklas, Karl J. 1996. Differences between Acer saccharum leaves
from open and wind-protected sites. Annals of Botany
78(1):61–66.

Niklas, Karl J. 2000. Computing factors of safety against wind-
induced tree stem damage. Journal of Experimental Botany
51(345):797–806.

Niklas, K.J., and H.C. Spatz. 2000a. Wind-induced stresses in
cherry trees: Evidence against the hypothesis of constant
stress levels. Trees, Structure and Function 14(4):230–237.

Niklas, K.J., and H.C. Spatz. 2000b. Response to Klaus [sic]
Mattheck’s letter “(re: Wind-induced stresses in cherry trees:
evidence against the hypothesis of constant stress levels by
Niklas and Spatz).”  Trees, Structure and Function 15:64–65.

Niklas, Karl J., and Thomas Speck. 2001. Evolutionary trends in
safety factors against wind-induced stem failure. American
Journal of Botany 88(7):1266–1278.

Noguchi, Y. 1979. Deformation of trees in Hawaii and its
relation to wind. Journal of Ecology 67:611–628.

Noguchi, Y. 1992. Vegetation asymmetry in Hawaii under the
trade wind regime. Journal of Vegetation Science 3(2):223 ff.

Novak, M.D., A.L. Orchansky, J.S. Warland, and R. Ketler. 2001.
Wind tunnel modelling of partial cuts and cutblock edges for
windthrow, pp 176–192. In Mitchell, S.J., and J. Rodney
(Compilers).Windthrow Assessment and Management in
British Columbia. Proceedings of the Windthrow Researchers
Workshop 31 January–1 February 2001. Richmond, British
Columbia. University of British Columbia, Department of
Forest Sciences, Vancouver, BC. 229 pp. http://www.fcsn.bc.ca/
Proceedings/windthrow.pdf (accessed 6/10/01).

Oliver, H.R., and G.J. Mayhead. 1974. Wind measurements in a
pine forest during a destructive gale. Forestry 47(2):184–194.

Ossenbruggen, Paul J., Mark A. Peters, and Alex L. Shigo. 1986.
Potential failure of a decayed tree under wind loading. Wood
and Fiber Science 18(1):168–186.

O’Sullivan, M.F., and R.M. Ritchie. 1992. An apparatus to apply
dynamic loads to forest trees. Journal of Agricultural Engineering
Research 51(2):153–156.

Peters, Mark A., Paul J. Ossenbruggen, and Alex L. Shigo. 1985.
Cracking and failure behavior models of defective balsam fir
trees. Holzforshung 39(3):125–135.

Peltola, Heli. 1996a. Model computations on the wind flow and
turning moment for Scots pine along the margins of clear-
cut areas. Forest Ecology and Management 83(3):203–215.

Peltola, Heli. 1996b. Swaying of trees in response to wind and
thinning in a stand of Scots pine. Boundary-Layer Meteorology
77:285–304.

Peltola, Heli, and S. Kellomäki. 1993. A mechanistic model for
calculating windthrow and stem breakage of Scots pines at
stand edge. Silva Fennica 27(2):99–111.

Peltola, Heli, Seppo Kellomäki, Alpo Hassinen, and Markku
Granander. 2000. Mechanical stability of Scots pine, Norway
spruce and birch: an analysis of tree-pulling experiments in
Finland. Forest Ecology And Management 135(1–3):143–153.

Peltola Heli, S. Kellomäki, A. Hassinen, M. Lemettinen, and J.
Aho. 1993. Swaying of trees as caused by wind: Analysis of
field measurements. Silva Fennica 27(2):113–126.

Peltola, H., S. Kellomäki, H. Väisänen, and V.-P. Ikonen. 1999. A
mechanistic model for assessing the risk of wind and snow
damage to single trees and stands of Scots pine, Norway spruce
and birch. Canadian Journal of Forest Research 29:247–661.

Petty, A.J, and C. Swain. 1985. Factors influencing stem breakage
of conifers in high winds. Forestry 58:75–84.

Pruyn, Michele L., Benjamin J. Ewers III, and Frank W. Telewski.
2000. Thigmomorphogenesis: changes in the morphology and
mechanical properties of two Populus hybrids in response to
mechanical perturbation. Tree Physiology 20:535–540.



49Journal of Arboriculture 28(1): January 2002

Putnam, Palmer Cosslett. 1948. Tree deformation by wind, pp
51–57 and 82–87. In Power from the Wind. Van Nostrand
Reinhold Company, New York, NY. 223 pp.

Putz, Francis E., Phyllis D. Coley, Karen Lu, Arlee Montalvo, and
Annette Aiello. 1983. Uprooting and snapping of trees:
Structural determinants and ecological consequences. Canadian
Journal of Forest Research 13:1011–1020.

Quine, C.P. 1995. Assessing the risk of wind damage to forests:
Practice and pitfalls, pp 379–40. In Coutts, M.P., and J.
Grace (Eds.). Wind and Trees. Cambridge University Press,
Cambridge, England.

Quine, C.P. 2000. Estimation of mean wind climate and
probability of strong winds for wind risk assessment.
Forestry 73(3):247–258.

Rahmeyer, William, David Werth Jr., and Gary Freeman. 1999.
Improved Methods of Determining Vegetative Resistance in
Floodplains and Compound Channels. Utah Water Research
Laboratory, College of Engineering, Utah State University.
10p p. http://www.engineering.usu.edu/cee/faculty/rahm/
asce_vegetation.pdf (accessed 06/27/01).

Ray, Duncan, and Bruce C. Nicoll. 1998. The effect of soil
water-table depth on root-plate development and stability of
Sitka spruce. Forestry 71(2):169–182.

Robertson, Alexander. 1987. The use of trees to study wind.
Arboricultural Journal 11:127–143.

Roodbarky, H.J., C.J. Baker, A.R. Dawson, and C.J. Wright. 1994.
Experimental observations of the aerodynamic characteristics
of urban trees. Journal of Wind Engineering and Industrial
Aerodynamics 52:171–184.

Rudnicki, Mark, Uldis Silins, Victor J. Lieffers, and Georg Josi.
2001. Measure of simultaneous tree sways and estimation of
crown interactions among a group of trees. Trees, Stucture
and Function 15(2):83–90.

Ruel, Jean-Claude. 2000. Factors influencing windthrow in
balsam fir forests: From landscape studies to individual tree
studies. Forest Ecology and Management 135(1–3):169–178.

Saunderson, S.E.T., A.H. England, and C.J. Baker. 1999. A
dynamic model of the behavior of Sitka spruce in high
winds. Journal of Theoretical Biology 200:249–259.

Sauer, Fred M., Wallace L. Fons, and Keith Arnold. 1951.
Experimental investigation of aerodynamic drag in tree
crowns exposed to steady wind—Conifers. A phase report.
USDA Forest Service, Division of Forest Fire Research,
Washington, DC. 30 pp.

Schaetzl, R.J., D.L. Johnson, and T.W. Small. 1989. Tree uprooting:
Review of terminology, process, and environmental
implications. Canadian Journal of Forest Research. 19(1):1–11.

Shi-Igai, Hiroyoshi, and Tohru Maruyama. 1988. Measurement
of wind drag forces on trees. Journal of Natural Disaster
Science (Japan) 10(2):25–33.

Sinn, Günter, and Thomas Sinn. No date. Eigene
Fachpublikationen (an extensive bibliography of articles in
German). AfB-Arbeitsstelle für Baumstatik, Bad Vilbel,

Germany. http://www.baumstatik.de/pages/main_pages/
fachpublikationen.html (accessed 06/27/01).

Sinn, Guenter, and Lothar Wessolly. 1989. A contribution to the
proper assessment of the strength and stability of trees.
Arboricultural Journal 13(1):45–65.

Skatter, Sondre, and Bohumil Kucera. 1998. The cause of the
prevalent directions of the spiral grain patterns in conifers.
Trees, Structure and Function 12(5):265–273.

Skatter, Sondre, and Bohumil Kucera. 2000. Tree breakage from
torsional wind loading due to crown asymmetry. Forest
Ecology and Management 135(1–3):97–103.

Smiley, E. Thomas, Albert Key, and Craig Greco. 2000. Root
barriers and windthrow potential. Journal of Arboriculture
26(4):213–217.

Somerville, A.R. 1989. Tree wind stability and forest management
practices, pp 39–58. In Somerville, A.R. (Ed.). Workshop on
Wind Damage in New Zealand Exotic Forests, New Zealand
Forest Research Institute Bulletin No. 146.

Spatz, Hanns-Christof, and Franka Bruechert. 2000. Basic
biomechanics of self-supporting plants: Wind loads and
gravitational loads on a Norway spruce tree. Forest Ecology
and Management 135(1–3):33–44.

Spatz, Hanns-Christof, and J. Zebrowski. 2001. Oscillation
Frequencies of Plant Stems with Apical Loads. Planta Online
First 9/1/01. http://link.springer.de/search.htm (accessed 9/
6/01).

Speck, T., H.C. Spatz and D. Vogellehner. 1990. Contributions to
the biomechanics of plants. I. Stabilities of plant stems with
different cross-sections against weight and wind forces.
Botanica Acta 103:111–122.

Stacy, G.R., R.E. Belcher, C.J. Wood, and B.A. Gardiner. 1994.
Wind flows in a model spruce forest. Boundary-Layer
Meteorology 69:311–334.

Stathers, R.J., T.P Rollerson, and S.J. Mitchell. 1994. Chapter 3.
Mechanics of windthrow, pp 3–8. In Windthrow Handbook
for British Columbia Forests, Working Paper 9401. BC
Ministry of Forests, Victoria, BC. 38 pp.

Sterck, F.J., and F. Bongers. 1998. Ontogenetic changes in size,
allometry, and mechanical design of tropical rain forest trees.
American Journal of Botany 85(2):266–272.

Stock, Mark J., and Markus C. Nee. 1997. Dynamic Tree Simulation
Project. Horace H. Rackham School of Graduate Studies,
University of Michigan. http://www.personal.umich.edu/
~markusn/treesim/ (accessed 2/7/01).

Stokes, Alexia. 1999. Strain distribution during anchorage failure of
Pinus pinaster Ait. at different ages and tree growth response to
wind-induced root movement. Plant and Soil 217(1/2):17–27.

Stokes, A., J. Ball, A.H. Fitter, P. Brain, and M.P. Coutts. 1996. An
experimental investigation of the resistance of model root
systems to uprooting. Annals of Botany 78(4):415–421.

Stokes, Alexia, Stephane Berthier, Sylvie Sacriste, and Fabienne
Martin. 1998. Variations in maturation strains and root shape
in root systems of Maritime pine (Pinus pinaster Ait.). Trees,
Structure and Function 12(6):334–339.



50 Cullen:Trees and Wind: A Bibliography for Tree Care Professionals

Stokes, Alexia, M.P. Coutts, and A.H. Fitter. 1995. Responses of
young trees to wind and shading: Effects on root architecture.
Journal of Experimental Botany 46(290):1139–1146.

Stokes, Alexia, Michael Drexhage, and Daniel Guitard. 2000. A
method for predicting the possible site of failure in trees during
mechanical loading, Chapter 27. In Stokes, Alexia (Ed.). The
Supporting Roots of Trees and Woody Plants. Kluwer
Academic Publishers, Dordrecht, The Netherlands. 426 pp.

Stokes, Alexia, F. Martin, S. Sacriste, and T. Fourcaud. 1997.
Adaptation of tree roots to wind loading—The relationship
between mechanical behaviour and wood formation. In
Proceedings of the 2nd Plant Biomechanics Conference.
Centre for Biomimetics, The University of Reading, Reading,
UK.

Telewski, Frank W. 1995. Wind-induced physiological and
developmental responses in trees. In Coutts, M.P., and J.
Grace (Eds.). Wind and Trees. Cambridge University Press,
Cambridge, England.

Telewski, Frank. 1998. Effects of wind on trees. City Trees, The
Journal of the Society of Municipal Arborists 34(5). http://
www.urban-forestr y.com/citytrees/v34n5a07.html
(accessed 06/27/01).

Telewski, F.W., B.A. Gardiner, G. White, and A. Plovanich-Jones.
1997. Wind flow around multi-story buildings and its influence
on tree growth. Plant Biomechanics Conference Proceedings, I,
179–185. The Centre for Biomimetics, Reading, UK.

Telewski, F.W., and M.L. Pruyn. 1998. Thigmomorphogenesis: a
dose response to flexing in Ulmus americana L. seedlings. Tree
Physiology 18:65–68.

Touliatos, Plato, and Elmer Roth. 1971. Hurricanes and trees: Ten
lessons from Camille. Journal of Forestry 69(5):285–289.

United States Geological Survey (USGS). 2000. Windy Night at
Geyser Peak. U.S. Geological Survey, Earthquake Hazards
Program, Menlo Park, CA. 1 p. http://quake.wr.usgs.gov/
recent/helicorders/Examples/GeyserPeakWindstorm.html
(last modification 8/14/00; accessed 06/27/01).

Valinger, Erik. 1992. Effects of wind sway on stem form and crown
development of Scots pine (Pinus sylvestris L.). Australian
Forestry 55:15–21.

Valinger, Erik, and J. Fridman. 1997. Modelling probability of
snow and wind damage in Scots pine stands using tree
characteristics. Forest Ecology and Management 97:215–222.

Valinger, Erik, and J. Fridman. 1999. Models to assess the risk of
snow and wind damage in pine, spruce, and birch forests in
Sweden. Environmental Management 24:209–217.

Valinger, Erik, and L. Lundqvist. 1992. The influence of thinning
and nitrogen fertilisation on the frequency of snow and wind
induced stand damage in forests. Scottish Forestry 46:311– 320.

Valinger, Erik, L. Lundqvist, and Lennart Bondesson. 1993.
Assessing the risk of snow and wind damage from tree
physical characteristics. Forestry 66:249–260.

Valinger, Erik, L. Lundqvist, and G. Brandel. 1994. Wind and
snow damage in a thinning and fertilization experiment in

Pinus sylvestris. Scandinavian Journal of Forest Research
9:129–134.

Valinger, Erik, and N. Pettersson. 1996. Wind and snow damage
in a thinning and fertilization experiment in Picea abies in
southern Sweden. Forestry 69:25–33.

Van Gardingen, P., and J. Grace. 1991. Plants and wind.
Advances in Botanical Research 118:189–253.

Vogel, Steven. 1989. Drag and reconfiguration of broad leaves in
high wind. Journal of Experimental Botany 40:941–948.

Vogel, Steven. 1993. When leaves save the tree. Natural History
102(9):58–63.

Vogel, Steven. 1994. Life in Moving Fluids: The Physical
Biology of Flow (2nd ed.). Princeton University Press,
Princeton, NJ. 467 pp.

Vogel, Steven. 1995. Twist to bend ratios of woody structures.
Journal of Experimental Botany 46:981–985.

Vogel, Steven. 1996. Blowing in the wind: Storm-resisting
features of the design of trees. Journal of Arboriculture
22(2):92–98.

Wang G., and M. Yang. 1996. Traits for indirect selection of
wind-firmness in E. grandis, E. urophylla and hybrid clones.
Tree Improvement For Sustainable Tropical Forestry, 1996
QFRI–IUFRO Conference, Caloundra, Queensland,
Australia, 27 October–1 November 1996. Queensland
Forestry Research Institute, Brisbane. Abstract at http://
www.forests .qld.gov.au/resadv/research/qfr iconf/
qfri2.htm#TISTF26 (accessed 07/02/01).

Wang, H., and E.S. Takle. 1995. Boundary-layer flow and
turbulence near porous obstacles. I. Derivation of a
general equation set for a porous medium. Boundary-
Layer Meteorology 74:73–88.

Wang, H., and E.S. Takle. 1996. On three-dimensionality of
shelterbelt structure and its influences on shelter effects.
Boundary-Layer Meteorology 79(1–2):83–105.

Watson, Alex. 2000. Wind-induced forces in the near-surface
lateral roots of radiata pine. Forest Ecology and Management
135(1–3):133–142.

Weber, Charles. 2000. The use of asymmetrical branches by trees
to avoid wind damage. http://members.tripod.com/
~charles_W/gusts.html (accessed 06/27/01).

Wessolly, Lothar. 1996. Stability of trees: An explanation of the
tipping process. Stadt und Grün 4:268–272. http://
www.tree-consult.org/ENGLISCH/Media/article4.pdf
(accessed 06/27/01).

Wessolly, Lothar, and M. Erb. 1998. Handbuch der Baumstatik
und Baumkontrolle (in German). Patzer-Verlag, Berlin,
Germany. 270 pp.

Wilson, J.D. 1997. A field study of the mean pressure about a
windbreak. Boundary-Layer Meteorology 85(3):327–358.

Wilson, John D., John J. Finnigan, and Michael R. Raupach.
1998. A first-order closure for disturbed plant-canopy flows,
and its application to winds in a canopy on a ridge.
Quarterly Journal of the Royal Meteorological Society
124(547A):705–732.



51Journal of Arboriculture 28(1): January 2002

Wilson, John D., and Thomas K. Flesch. 2000. Wind and
remnant tree sway in forest cutblocks III: A windflow model
to diagnose spatial variation. Agricultural and Forest
Meteorology (93)4:259–282.

Wood, C.J. 1995. Understanding wind forces on trees, pp 133–
164. In Coutts, M.P., and J. Grace (Eds.). Wind and Trees.
Cambridge University Press, Cambridge, England.

Wren, Christopher R. 1993. Dynamic Simulation of Large
Systems: Trees Blowing in the Wind. B.Sc. paper submitted
to the Department of Electrical Engineering and Computer
Science, Massachusetts Institute of Technology. http://
www-white.media.mit.edu/~cwren/academic/SB_thesis/
SB_thesis.html (accessed 06/27/01).

Yoshino, M.M. 1975. Wind-shaped trees, pp 445–458 (Chapter
6.1.3). In Climate in a Small Area. University of Tokyo Press,
Tokyo, Japan. 549 pp.

Yoshino, M.M, M.T. Yoshino, M. Yoshimura, K. Mitsui, K.
Urushibara, S. Ueda, M. Owada, and K. Nakamra. 1976.
Bora regions as revealed by wind-shaped trees on the
Adriatic Coast, pp59–71. In Yoshino, M.M. (Ed.). Local
Wind Bora. University of Tokyo Press, Tokyo, Japan. 289 pp.

Yu, Han-Ming, Fu-Wen Horng, Cheng-Fong Chen, and Wei-
Er Cheng. 2000. Silviculture of wind tolerance for fast
growing Eucalyptus spp. Taiwan Journal of Forest Science
15(1):61–70.

Zeng, Pingtong, and Hidenori Takahashi. 2000. A first-order
closure model for the wind flow within and above
vegetation canopies. Agricultural and Forest Meteorology
103(3):301–313.

Zhang, Hehui, J. R. Brandle, G. E. Meyer, and L. Hodges. 1995a.
The relationship between open windspeed and windspeed
reduction in shelter. UNL (University of Nebraska, Lincoln)
Journal Series No. 10815. Agroforestry Systems 32:297–311.

Zhang, Hehui, J.R. Brandle, G.E. Meyer, and L. Hodges. 1995b.
A model to evaluate windbreak protection efficiency. UNL
(University of Nebraska, Lincoln) Journal Series No. 10784.
Agroforestry Systems 29:191–200.
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a une littérature exhaustive sur le thème « des arbres et du vent »,
peu d’informations apparaissent dans les publications sur l’entretien
des arbres. Cet article présente une bibliographie sur le thème des
arbres et du vent ainsi que certains commentaires quant à son
utilisation.

Zusammenfassung. Arboristen und Forstleute beziehen sich
gelegentlich auf Termini aus der Wetterkunde, wenn sie von
Winden sprechen, aber sie haben nur begrenzte Kenntnisse über
Windkräfte und ihre Entstehung. Während ausreichend Baum/
Wind-Literatur erhältlich ist, so ist doch wenig davon in
Veröffentlichungen für Baumpfleger erschienen. Dieser Artikel
präsentiert eine Sammlung von Baum/Wind-Literatur und einige
Kommentare für den Gebrauch.
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la relación árbol-viento y da algunos comentarios sobre su uso.
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