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Abstract 

Microclimatic planning and design can ameliorate negative effects of global climate change. 

Design modifications to outdoor environments can increase thermal comfort, and in extreme 

cases can be life-saving. This is not work for amateurs, or for professionals using their intuition 

or personal experiences. This work must be based on scholarly evidence acquired through 

carefully designed studies, accurate and precise measurements, and appropriate analysis. Built 

landscapes should be evaluated to determine if they achieved their microclimate modifying 

objectives, and the resulting information should be used to inform future studies. Methods for 

incorporating microclimate information in design should be made more user-friendly and 

accessible to designers, and knowledge about the effects of landscape planning and design on 

climate should be effectively communicated to decision-makers at all levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The high arctic of Canada is currently far beyond the tree line but was once home to lush 

deciduous forests. If you know where to go, you can visit the remains of large trees with wood so 

well preserved that it will burn. There are still leaves on the ground. Less than 20,000 years ago 

Manhattan was under a massive sheet of ice. You can see the evidence in glacial grooves and 

erratics in the middle of Central Park. The Earth’s climate has varied a lot over time; it has been 

much warmer and also much colder than it is today. 

To complicate things, there is now compelling evidence that human activities are 

affecting the climate at all scales, from local to global. This is being carefully monitored and 

modeled and despite the fact that the Earth is warming overall, there are other possible changes 

in climate. Design of human habitat should prepare for a future that is warmer but designs should 

also function well in regional climates that might be wetter, drier, snowier, or windier. 

Climate change is affecting everyone but some regions will be better able to withstand 

the consequences than others. For example, some countries have wealth and resources that will 

allow them to use heating and cooling systems to ameliorate extreme climates and weather while 

many others do not. Design that adapts to the effects of climate change is not window-dressing; 

for a large majority of people on Earth it might be a matter of survival. It should not be addressed 

in an ad hoc or superficial manner. 

Quite a lot is known about the trends that seem to be causing the climate to change – such 

as increasing carbon dioxide levels in the atmosphere. It is clear what can be done to reduce 

these trends and it is also very clear who should do it. An individual who walks to work instead 

of driving their car is admirable but this action has a miniscule effect on the overall level of CO2 

in the atmosphere and an immeasurably small effect on the global climate. Global climate 

change is not an issue that can be relegated to individuals or small groups, but rather is the 

responsibility of national and international governments. Problems have to be resolved at the 

right level and global actions require global players. 

However, from the regional to the local scale, landscape planners and designers have the 

potential to ameliorate the effects of extreme climatic conditions and should focus their efforts 

on adaptation to changing climate. Urban cores, neighborhood streets, parks, green spaces, and 

even individual yards and homes can all be made thermally comfortable through microclimatic 

planning and design. 

There is a considerable body of knowledge related to the relationship between design and 

climate and it is beyond the scope of this essay to review it. However, important questions and 

challenges remain. This essay outlines some of the critical issues that should be addressed 

through research and scholarship – issues of instrumentation, measurement, data analysis, 

computer modeling, development of planning and design tools, and communication. 

Despite what is already known, there are gaps in our knowledge of climate at all scales. Some of 

those gaps need to be filled by climate scientists through basic research but many of the gaps 

can, and should, be filled by landscape architectural scholars through basic and applied research. 

They must not be filled through intuition, logic, belief, or even personal experience. Human 

bodies and minds are not effective microclimate instruments and often lead to erroneous 

conclusions. 

Many things that people intuitively believe to be true turn out to be false when they are 

carefully studied. For example, it is generally believed that trees reduce air pollution. Many 

people were surprised when it was discovered that some species of trees actually contribute to 

urban air pollution. For example, Weeping willow trees (Salix×blanda) emit large amounts of 

hydrocarbons which, when combined with nitrogen oxides from vehicle exhausts, create ozone 



smog during warm, sunny days (Chameides et al., 1988; Gillespie and Brown, 2007). Other 

trees, such as Sugar maple (Acer saccharum), emit only very small amounts and do not 

contribute to air pollution. 

It would also seem logical that when designing zoo enclosures for elephants in northern 

locations such as Canada, indoor facilities should be provided to allow the tropical animals to get 

out of the cold night air. Recent research has shown that elephants have adapted to their habitat 

in hot equatorial Africa by allowing their bodies to get very hot during the day. They then stand 

out in the open at night to allow their bodies to cool down by emitting terrestrial radiation to a 

clear, cold African sky. If they are taken indoors at night, as logic might suggest, they are not 

able to cool down and by morning they are still hot. This recent discovery might be one reason 

why elephants in captivity do not live as long as elephants in their natural habitat. 

There are likely many more surprises to be discovered and it is critical that careful studies 

be undertaken to identify facts rather than rely upon human intuition, logic, belief, or personal 

experience. 

Proper instrumentation is critical for gaining a deeper understanding of microclimate in a 

scholarly way. Most elements in the microclimate are invisible or at least very difficult to see. 

For example, human eyes see only about half of the solar radiation received in a landscape while 

the other half is absolutely invisible. Yet this invisible half is very real and provides just as much 

heat as the visible portion when absorbed by a person. While the human eye cannot see the 

invisible portion, instruments called pyranometers can measure it. Some studies have used light 

meters or lux meters to measure solar radiation, but these must not be used as they only measure 

part of the solar spectrum and lead to erroneous conclusions. 

There is also a huge amount of totally invisible terrestrial radiation in every landscape. 

Everything on earth emits terrestrial radiation as a function of its temperature – the warmer the 

object, the more terrestrial radiation it emits. This invisible input of energy has huge implications 

for the outdoor thermal comfort of humans. For example, asphalt in full sun can become very hot 

and emit much more terrestrial radiation than shaded, well-watered vegetation. Consequently, a 

person standing in the parking lot would feel much warmer than in the vegetated area even 

though everything else might be identical. Human eyes cannot see it but pyrgeometers can be 

used to detect it. 

In general, microclimate instruments are quite delicate but can provide both accurate and 

precise measurements if used properly. It is surprising, though, how difficult it is to use 

microclimate instruments to measure real, true values. Thermometers must be shielded from 

solar and terrestrial radiation or they will yield incorrect values of air temperature. Hygrometers 

must also be shielded and aspirated (have air pass over them) in order to yield correct humidity 

values. Anemometers tend to be designed for use in free stream wind and when they are used to 

measure the wind in a microclimate, the turbulence might cause incorrect values. 

A very important rule of microclimate studies is: use appropriate instrumentation and use 

it properly. 

One of the major consequences of climate change is the effect on the thermal comfort, 

and possibly even survival, of humans. Some climate change models predict very hot, humid 

summers in some regions that might be near the limits of human tolerance. An important 

question to address is: how can outdoor environments be designed so that people will be 

thermally comfortable when the weather gets very hot? The field of human energy budget 

modeling is progressing on a number of fronts (e.g. Vanos et al., 2010) but it is critical that the 

right data are recorded and appropriate analyses take place. For example, microclimate 



measurements and human energy budget models yield ratio-level data while people’s opinions of 

their thermal comfort provide ordinal-level data at best. The relationship between these two data 

sets must not assume that the ordinal data can be treated as interval or ratio data or the 

assessment will be flawed. The second rule (not limited to microclimate studies) is: analyze data 

using methods appropriate to the data level. 

At the site scale landscape elements can readily modify the wind speed and direction and 

the amount of solar and terrestrial radiation, but have much less of an effect on the air 

temperature and the air’s relative humidity. Strategic design can ameliorate a cold, windy day 

and create balmy outdoor places by maximizing the solar and terrestrial radiation and 

minimizing the wind (e.g. Brown, 2010; Brown and DeKay, 2001). And hot, sunny weather can 

be mollified by intercepting the solar radiation, providing pleasant breezes, and possibly 

introducing some cooling mist into the air. Much of the information and knowledge necessary to 

achieve these things is available, but few studies have measured built landscapes to determine 

whether or not they were successful. Yet this is precisely the kind of information that is needed 

to make cities more comfortable under variable future climates and weather. It is critical that 

studies are undertaken to measure the microclimate and the thermal comfort levels both before 

and after design interventions to determine whether or not the desired effect was achieved. 

At the neighborhood or community scale landscape elements can modify not only the 

wind and the radiation, but also the air temperature and humidity. During warm to hot seasons, 

neighborhood parks can be much cooler than other parts of a city and are often referred to as 

urban cool islands (UCI). There are well-known ways to intensify the UCI effect and to extend 

that cooling into adjacent neighborhoods, but more research is required into how to maximize 

these effects. In contrast, hard-surfaced urban cores tend to be warmer and drier than surrounding 

areas and are known as urban heat islands (UHI). The UHI effect is intensified by several factors 

including vehicle exhaust and building air conditioning systems that warm the surrounding air, 

dark surfaces that absorb large amounts of solar radiation and emit it as terrestrial radiation, and 

hard surfaces that shed water and reduce evaporative cooling. This UHI effect varies through the 

day, reaching a maximum late at night and in the early morning hours – a very big problem for 

people living and trying to sleep in high-density urban areas. And despite a general warming 

trend, high latitude cities are likely to continue to experience cold and snowy winters into the 

foreseeable future. Urban planning, design and management have the potential to ameliorate cold 

microclimates through reducing winds and ensuring solar access. However, much research still 

needs to be done to more completely understand the flows of energy in urban environments and 

how these flows can be modified. 

There has been recent activity in the area of developing models for simulating various 

aspects of the microclimatic environment (e.g. Lindberg et al., 2008; see also Wong et al., this 

issue). These are showing considerable promise and have the potential to be the critical interface 

between climate scientists and designers. These kinds of models, if they are to be used by 

landscape planners and designers, should be integrated into 3-D design environments so that the 

effects of design can be simulated. For example, designers could interactively insert and move 

windbreaks to simulate and optimize the effect on the wind, or test whether a proposed 

development would provide thermally comfortable environments for people. Models of 

components of the microclimate and the effect on humans need to be further developed, tested, 

and integrated into 3-D digital design environments. 

Information about the effects of planning and design on climate should be invaluable to 

decision makers from national governments right down to individual citizens in their attempts to 



reduce global climate change and mitigate its effects. However, it is apparent that 

communication needs to be improved not only among urban climatologists from various 

disciplines (e.g. Oke, 2006), but also with decision-makers at all levels. Current tactics of logic, 

rational arguments, and even warnings of pending disaster seem to be having little effect on land 

use decisions. Methods of communication need to be developed that will help elected officials 

understand the information, recognize its importance, and be inspired to act. 

Virtually any modification of the landscape suggested by a landscape planner or designer will 

have an effect on the local climate. Cumulatively, local climates affect the regional climate, and 

regional climates affect the global climate. The local climates that are created should be 

deliberately designed, based on solid evidence, and grounded in theory. It is critically important 

that the measurements on which design decisions are made are real and this can only be achieved 

if appropriate instruments are used in an appropriate manner. When the data are analyzed it must 

be done in a manner appropriate to the level of data (nominal, ordinal, interval, or ratio). Urban 

microclimatic environments need to be studied in more detail and should include post-

construction evaluations to test the effectiveness of design interventions. Computer models 

should continue to be developed to interface between climate scientists and designers so that 

designs can be tested for their microclimate impact before they are constructed. And finally, the 

knowledge that is gained should be communicated beyond scholarly journals in a way that is 

understandable and useful to practitioners and policy makers. Human habitat should be designed 

to ameliorate any future climate. 
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