
MicrocliMate and local cliMate

a microclimate is a canopy-scale atmospheric zone where the climate differs from the sur-
rounding area. the term may refer to areas as small as a few square meters or as large as sev-
eral square kilometers. Microclimates exist in the atmospheric boundary layer and the upper 
soil. local climates are related to landscape elements (hill slopes, valley bottoms and ridge 
tops). they occur near water bodies, which may affect local temperatures and precipitation, in 
heavily urban areas, as a result of rapidly changing topography, or in the shadow of a moun-
tain. although general, larger-scale climate patterns are clearly important, local micromete-
orological factors may have impacts on many elements, including local weather, ecological 
systems, soil climate, and agriculture. the topic of small-scale climate is therefore one that is 
of interest not only to climatologists but also to geographers, biologists, crop scientists, envi-
ronmental scientists, hydrologists, and urban planners.

this book provides an up-to-date, comprehensive treatment of the variables and processes 
of microclimate and local climate, including radiation balance and energy balance. it describes 
and explains the climate within the lower atmosphere and upper soil, the region critical to life 
on earth. topics that are covered include not only the physical processes that affect micro-
climate, but also biological processes that affect vegetation and animals, including people. a 
geographic tour of the microclimates of the major ecosystems around the world is included. 
all major biomes and surface types are examined, including urban areas, and the effects of 
climate change on microclimate are described. this book is invaluable for advanced students 
and researchers in climatology in departments of environmental science, geography, meteo-
rology, agricultural science and forestry.

roger G. Barry was director of the national Snow and ice data center (nSidc) at the University 
of colorado, Boulder from 1977 to 2008, and Professor of Geography from 1968 to 2010. He 
was appointed a University of colorado distinguished Professor in 2004. From 2012 to 2014 
he was director of the international climate Variability (cliVar) Project office, national 
oceanography centre, Southampton, UK. He is a Fellow of the american Geophysical Union. 
His awards include the Founder’s Medal of the royal Geographical Society, the nobel Peace 
Prize (as part of the intergovernmental Panel on climate change team), a Guggenheim Fellow, 
a Fulbright Fellow, a Humboldt Prize Fellow, and a Foreign Member of the russian academy 
of environmental Sciences (raen). He has directed 31 Masters and 36 Phd degrees. He is 
the authored or co-author of more than 250 peer-reviewed papers and many textbooks, includ-
ing: Atmosphere, Weather and Climate (with r.J. chorley, ninth edition, 2010, routledge); 
Mountain Weather and Climate (third edition, 2008, cambridge University Press), Synoptic and 
Dynamic Climatology (with a.M. carleton, 2011, routledge); The Arctic Climate System (with 
M. c. Serreze, second edition, 2014, cambridge University Press); The Global Cryosphere: 
Past, Present and Future (with t.Y. Gan, 2011, cambridge University Press); and Essentials 
of the Earth’s Climate System (with e. a. Hall-McKim, 2014, cambridge University Press).

Peter d. Blanken is a Professor and former chair of the department of Geography at the 
University of colorado, Boulder. He has published more than 100 peer-reviewed papers, several 
book chapters, and is a co-author of Straits of Mackinac Weather (with Sandy Planisek, 2015, 
Sandy Planisek Publishing), and has served on the editorial board of the Bulletin of the American 
Meteorological Society for over a decade.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


MicrocliMate and local 
cliMate

roGer G. BarrY
University of Colorado, Boulder

Peter d. BlanKen
University of Colorado, Boulder

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


32 avenue of the americas, new York nY 10013

cambridge University Press is part of the University of cambridge.

it furthers the University’s mission by disseminating knowledge in the pursuit of  
education, learning and research at the highest international levels of excellence.

www.cambridge.org
information on this title: www.cambridge.org/9781107145627

© roger G. Barry and Peter d. Blanken 2016

this publication is in copyright. Subject to statutory exception  
and to the provisions of relevant collective licensing agreements,  
no reproduction of any part may take place without the written  

permission of cambridge University Press.

First published 2016

Printed in the United States of america by Sheridan Books, inc.

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging in Publication Data
names: Barry, roger G. (roger Graham), 1935– | Blanken, Peter d. (Peter david) 1965–
title: Microclimate and local climate / roger G. Barry, University of colorado, Boulder,  

Peter d. Blanken, University of colorado, Boulder.
description: new York, nY : cambridge University Press, 2016. |  

includes bibliographical references and index.
identifiers: lccn 2015050661 | iSBn 9781107145627 (hardback)

Subjects: lcSH: Microclimatology. | climatology. | Micrometeorology. | ecology
classification: lcc Qc981.7.M5 B37 2016 | ddc 551.6/6–dc23

lc record available at http://lccn.loc.gov/2015050661

iSBn 978-1-107-14562-7 Hardback

cambridge University Press has no responsibility for the persistence or accuracy of Urls  
for external or third-party internet Web sites referred to in this publication and does not  
guarantee that any content on such Web sites is, or will remain, accurate or appropriate.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


v

contents

Preface page ix
Acknowledgments xi

1 introduction 1
a. definitions 1
B. the Scope of the Book 3
c. Historical development 3
d. a central Problem of Microclimatology 4
e. a case Study 5

Part I Controls of Microclimate 9

2 Microclimatic elements 11
a. temperature 11
B. Moisture 21
c. evaporation 29
d. Precipitation 34
e. Wind 38
F. carbon dioxide 39
G. Photosynthesis, respiration, and carbon exchange 41
H. the nitrogen cycle 46
i. Pollutants 48

3 Methods of observation and instrumentation 52
a. introduction 52
B. Fundamentals 52
c. Measuring temperature 55
d. Measuring Soil temperature, Heat Flux, and Moisture 60
e. Measuring radiation 63
F. Measuring Wind 65
G. Measuring Precipitation 67

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


Contentsvi

H. Measuring total and Partial atmospheric Pressures 70
i. Measuring turbulent Fluxes 73

4 radiation 81
a. Solar radiation 81
B. infrared (longwave or terrestrial) radiation 94
c. net radiation 95

5 the energy Balance 99
a. introduction 99
B. Soil Heat Flux 102
c. Momentum and Mass exchange 107
d. Sensible Heat Flux 111
e. latent Heat Flux 114
F. advective effects 121

6 Monitoring radiation, energy, and Moisture Balance via  
remote Sensing and Modeling with land Surface Models 126
a. approaches 126
B. land Surface Models 132
c. empirical Models 135
d. Physically based Models 136
e. downscaling 143

7 Microclimates of different Vegetated environments 148
a. tundra 148
B. Grassland 156
c. Farmland 159
d. Wetlands 163
e. Forests 168

8 Microclimates of Physical Systems 187
a. lakes 187
B. rivers 194
c. Snow cover 195
d. Mountains 201
e. cities 209

9 Bioclimatology 218
a. the energy Balance equation 218
B. calculations of the energy Balance terms 220
c. radiation terms 220
d. Metabolic Heat Production 223
e. evaporative cooling 225
F. Sensible Heat loss: convection 228

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


Contents vii

G. conduction 229
H. Simplified energy Balances to Provide effective temperatures 231
i. radiation impacts on comfort and Behavior 233
J. examples of Behavioral Modifications: Using the Soil  

and the Benefits of Burrowing 234
K. aboveground thermal Modification through Shelter 236

Part II Local (Topo-)Climates 241

10 Urban climates 243
a. Modification of atmospheric composition 243
B. Modification of the energy Budget 247
c. Urban Heat islands 250
d. Modification of Surface characteristics 255

11 topoclimatic effects on Microclimate 261
a. exposition, Slope angle, and Shade effects 261
B. Sea and lake coastal influences 265
c. Urban local climates 267
d. Mosaic landscapes 270

Part III Environmental Change 275

12 climate change and Microclimate 277
a. overview of Global trends 277
B. Soil temperatures 282
c. Permafrost 283
d. experimental Studies 283

Problems 291
Glossary 297
Symbols 305
System International (SI) Units and Conversions 309
Index 311

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-14562-7 - Microclimate and Local Climate
Roger G. Barry and Peter D. Blanken
Frontmatter
More information

http://www.cambridge.org/9781107145627
http://www.cambridge.org
http://www.cambridge.org


ix

Preface

this book aims to provide a concise overview of microclimates and local climates – 
climatic conditions on scales of centimeters to meters and 10 m to 1 km, respec-
tively. there has been no recent treatment of this topic. it has been a decade or more 
since these topics have been addressed in a textbook, and there have been numerous 
advances in methodology and understanding over that interval. new instrumenta-
tion and increased resolution of satellite and airborne remote sensing have greatly 
expanded the possibilities for observations and have been accompanied by improved 
models and data assimilation techniques.

the text is aimed at upper level undergraduates and beginning graduate students 
in environmental sciences, physical geography, climatology, and biological sciences. 
the topic of small-scale climate is one that is of interest not only to climatologists 
but also to biologists, crop scientists, and specialists in landscape design. there are 
texts that approach the subject from an agricultural perspective using a theoretical 
framework, and there are texts that either are outdated or have regional coverage. our 
book fulfills the need for an up-to-date text that bridges both theory and practice, and 
encompasses a global geographic perspective. its scope covers the physical principles 
that determine micro- and topoclimate.

the text begins with definitions of microclimate and local climate (or topoclimate), 
a brief history of the two areas, and a case study. chapter 2 describes each of the micro-
climatic elements in turn (temperature, moisture, and wind) including carbon dioxide, 
photosynthesis and respiration, the nitrogen cycle, and pollutants. chapter 3 sum-
marizes methods of observation and instrumentation. chapter 4 treats solar, infrared, 
and net radiation. chapter 5 describes the energy balance components – soil heat flux, 
momentum and mass exchange, sensible and latent heat fluxes, and advective effects. 
chapter 6 addresses the monitoring and modeling of radiation and energy balance via 
remote sensing and land surface models. chapter 7 deals with the microclimates of 
different vegetated environments – arctic and alpine tundra, grassland, farmland, wet-
lands, and coniferous, deciduous, and tropical forests. chapter 8 similarly treats the 
microclimates of physical systems – lakes, rivers, snow cover, mountains, and cities. 
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Prefacex

chapter 9 examines human and animal bioclimatology. Part ii opens with a discus-
sion of urban climates in chapter 10. chapter 11 then analyzes topoclimatic effects 
on microclimates. Part iii examines environmental change; chapter 12 looks at the 
effects of climate change on microclimates. the book is completed by Problems, 
references, the glossary, Symbols, Si Units and conversions, and the index.

the scope of the book is ambitious in addressing the full range of natural and built 
environments. While the underlying physical principles remain the same, their appli-
cation to diverse environments necessitates differences in approach.
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