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The potential for using outdoor plants to provide additional cooling is considered by making 
use of experimental data on the modification of the external environment by plants. This data 
is then used within an IES model of a generic building to estimate the benefit in terms of peak 
and mean summer temperatures. It is found that planting may well be beneficial and that the 
effect might well be of a scale that is material to the issue of making the building adapted to 
climate change. The reduction in internal mean and maximum temperature is seen to be linear 
with changes to daytime temperature caused by planting. A reduction of approximately 0.5°C 
in both mean and maximum internal temperature is seen of each 1°C of cooling provided by 
the plants. Hence it is recommended that: (a) planting is seen as an adaptation strategy, and 
(b) additional modelling take place using an accurate model of St. Loyes and possibly using 
more sophisticated methods. 
 
 
Introduction 
External planting will modify the conditions within the building for several reasons, 
including: 

1. Increased shading on windows and the building surface. 
2. Reductions in air temperature outside the building from changes in albedo and 

evaporation (including transpiration). 
3. Reductions in light being reflected into the building. 
4. The reduced external temperature changing the flow of air through the building via 

any stack effects. 
5. Reductions in wind speed from increased surface resistance. 

 
There will also be similar impacts on those outside the building. 
 
In the following, the change in external temperature from changes in albedo and evaporation 
is considered by using published empirical data on the impact of planting around buildings. It 
is also hoped that more detailed physics-based analysis can be carried out during the project. 
 
Background 
For a good overview of the impact of plants see Givoni (1991). For an example of including 
plants in thermal model see the Energy Plus engineering reference text. There have been 
many studies of the impact green space (plants) and blue space (water) have on the general 
environment of cites and on the urban heat island, but relatively little on the impact of small-
scale plantings around individual buildings. This is unfortunate and clearly this needs to be 
addressed as individual architects or clients cannot replant whole cities, but need to focus on 
individual buildings. 
 



Givoni reviews a series of studies of small-scale plantings and provides the following 
summaries. 
 
1. Parker (1983, 1987, 1989) reported on research in Miami, in which the effect of 
landscaping on wall temperatures was measured. No data was given about the wall color. On 
hot sunny late-summer days the average temperature of walls shaded by trees or by a 
combination of trees and shrubs was reduced by 13.5-15.5°C. Climbing vines reduced the 
surface temperature by 10-12°C. Parker (1983) has also measured the effect of landscaping 
on cooling energy consumption. The building was an insulated double-width mobile home 
serving as a children day-care center. Energy consumption by the air conditioners was 
compared during days with similar weather conditions in two periods, before and after 
landscaping. The landscaping consisted of trees and shrubs around the building. No data on 
the color of the building was given. Average daily rate of energy consumption for air 
conditioning, on hot summer days, in the period without plants' shading was 5.56 kW and 
after landscaping it was reduced to 2.28 kW, The effect of planting was even more marked 
during the afternoon hours (the peak load period the average rate of energy use was reduced 
from 8.65 to 367 kW. 
 
2. McPherson et al. (1989) measured the effect of landscaping on the cooling energy 
consumption of 3.7m × 3m scale models of a building. The landscape treatments consisted of: 
(1) Bermuda grass turf around the building and no shade; (2) rock mulch around the buildings 
and the walls shaded by shrubs; and (3) rock mulch with neither grass nor shade. The color of 
the buildings and the wind conditions are not given in the paper. The surface temperature of 
grass turf around noon was lower by about 15°C than that of the rocks. The air temperature, 
about 0.5m above the turf, was lower by about 2°C than above the rocks. The building with 
the rock mulch consumed between 20% and 30% more cooling energy than that with the turf 
and with the shrub's shade. The turf apparently reduced the long-wave radiant heat gain and 
the ambient air temperature next to the building's skin, while the shrubs reduced the solar 
heat gain.  
 
3. DeWalle (1983) has measured air infiltration and heating energy use in a small mobile 
house in central Pennsylvania. The mobile house was first calibrated to evaluate its 
infiltration rate and then located at different places, either 'open' or protected, at various 
distances from a pine tree windbreak, expressed as multiples of the windbreak height, H. Air 
infiltration and heating energy use were expressed as functions of the wind speed in the open 
and of the inside-outside temperature difference. Measured infiltration rates and heating 
energy were then compared with the ‘predicted’ ones. At distances of 1-4H from the 
windbreak the air speed was reduced by 40-50% of the undisturbed wind. The infiltration 
reductions were from 55% (at 1H) to 30% (at 4H and 8H). Heating energy was reduced by 
about 20% (at 1H) to about 10% (at 4H).  
 
4. Hoyano (1988) has summarized the results of several experimental studies he has 
performed in Japan, dealing with the effects of plants on surface and air temperatures, as 
summarized below: 
 
A horizontal wisteria pergola. Solar transmittance through and temperatures below a wisteria 
pergola were measured. The solar transmittance through the pergola was about 0.1-0.2 of the 
horizontal radiation. The leaf temperature at noon was about 1°C above the ambient air. The 
air temperature below the pergola was about the same as the ambient air 
 



A vertical vine screen in front of a veranda. A vertical vine (dishcloth gourd) was installed in 
front of a southwest veranda of a house and a comparison was made with an unscreened 
veranda with the same orientation. The screen was effective in providing shade, as the 
insolation inside the screened veranda was significantly lower than in the unscreened 
veranda. However, the leaf temperature was higher than the ambient air. The air temperature 
inside the screened veranda was higher than the ambient air but lower than inside the 
unscreened veranda. The vertical vine screen has reduced significantly the wind speed 
through the window in the screened veranda and the cross ventilation of the room behind it, 
as compared with the unscreened veranda. Without the screen the air speed at the center of 
the window was on the average about 45% of the outdoor wind, while with the vine screen in 
the veranda it was about 17%. Thus the overall effect of a vertical screen on comfort, in a hot, 
humid climate, may be negative, due to the reduction of the indoor air speed.  
 
An ivy screen covering a west wall. The effect of a Japanese ivy covering a west bare 
concrete wall was evaluated by comparing the temperatures across the wall before and after 
the ivy cover. Temperatures of the ivy leaves, air temperatures and the temperatures across 
the wall, were measured in this study. No data on the actual color, or absorptivity, of the wall 
was given in the paper. Without the ivy the exterior surface maximum temperature was about 
10°C above the ambient air while with the ivy cover it was about 1°C below it. The average 
surface temperature of the exposed wall was about 3°C while with the ivy it was only 1°C 
above the outdoor average temperature. 
 
A row of trees in front of a wall. In this experiment grown trees in movable pots were placed 
in front of a concrete western wall of a building, in different spacing arrangements. The 
experimental variables were the distances between the trees (45 or 65 cm) and the distance 
between the wall and the line of trees (20 or 60 cm). All the tree arrangements reduced the 
heat flow into the building, as compared with an un-shaded wall. The solar shading effect 
was larger when the distance between the wall and the trees was narrower. Hoyano has 
commented that aspects of maintenance should also be taken into account in considering the 
advisable distance.  
 
5. Al Hemiddi (unpublished) In this study the surface and air temperatures (at about 1 m 
height), above land areas with different ground treatments, were measured in the UCLA 
campus around noon, during different periods over a whole year, for a total of about 70 days. 
The ground treatments included pavements, exposed or shaded by trees, an exposed lawn and 
a space between a high and dense shrub fence and a building. During clear days, especially in 
summer, differences in the air temperatures of up to about 3°C were often observed between 
the air above exposed pavements and the space behind the shrubs. Such differences in the air 
temperature next to the building's skin, in addition to the shading effects of the plants, can 
reduce significantly the heat gain through walls and the resulting energy consumption for air 
conditioning.  
 
6. Taha et al. (1989) have measured the air temperature and wind speed within the canopy of 
an isolated orchard and in the upwind and downwind open areas to the south and north of it, 
in Davis, CA. Although the differences between the climatic conditions in an orchard and in 
open fields may not be the same as the differences between urban green areas and the built-up 
areas around them, the findings of this study are of interest.. The orchard size was 307 m long 
(North - South) and 150 m wide (East -West). The canopy had covered about 30% of the land 
area and the soil was wet from irrigation. Empty fields stretched for 2 km away from the 
canopy. To the south of the orchard was a stream lined with a strip of tall trees and shrubs. 



The daytime wind was mostly from the north and the evening and night winds from the 
south. Air temperature and wind speed were measured at 1.5 m above ground. Measurements 
were reported for three 'stations' within the orchard and for two stations in each, the northern 
and the southern (behind the strip of trees) open fields. The measurement period lasted for 
two weeks (12-25 October 1986). The northernmost field station (A) served as a control, 
from which deviations of the temperature and wind speed at the other stations were calculated 
as 'effects'. The average maximum temperature within the orchard was 23.9°C while in the 
upwind field it was 28.3°C. The minimum average temperature in the orchard was higher 
than in the open field, 2.7°C vs. 1.8°C. The average maximum wind speed in the orchard was 
much lower than in the open upwind field, 3.75ms-1 vs. 8.5ms-1. The effect of the orchard 
extended also downwind. The average maximum temperature in the first station in the 
southern (downwind) field was 25.5°C and the average minimum at the first northern station 
(downwind at night) was 1.8°C. At the furthermost downwind stations the effects of the 
orchard were much weaker, and in fact the average maximum there was higher (29°C) than in 
the upwind station. The quantitative differences between the orchard and the open fields were 
affected by the cloudiness and wind conditions. In clear weather the open fields reached 
maximum and minimum temperatures of 28.3°C and 5°C, respectively, while the 
corresponding temperatures in the orchard were 26.0°C and 7.5°C. During overcast days 
(with much higher wind speeds) the open field maximum and minimum temperatures were 
16°C and 10°C, respectively, while in the orchard the corresponding temperatures were 17°C 
and 11°C. It is not clear, however, why the maximum temperature in the orchard was higher 
during cloudy days than in the open fields.  
 
The above studies clearly involve locations with higher summertime temperatures than 
Exeter; however the changes in temperature indicated may be reasonable of other locations. 
They clearly show the situation is a complex one especially when it comes to the reduced 
wind speed that plants can cause. The results of Al Hemiddi would seem to be the most 
pertinent to us. Al Hemiddi finds that one could expect the air above planting to be up to 3°C 
cooler than above light manmade surfaces. Personal experience would indicate than even in 
the UK such a value is probably reasonable.  
 
If the planting at the health centre also included full height tress that shaded windows and 
offered sheltered areas beneath for occupants to walk and sit, such purely shading effects 
would likely to dominate over any issues connected with changes in albedo and wind speed 
and the results of McPherson and Parker would apply, i.e. 10°C of surface temperature 
reduction. In the following we assume such large plants are not available and hence shading 
is not considered. 
 
A simple thermal model 
Figure 1 shows a simple IES model of a U-shaped two-storey building. This has been used to 
study how important it is to consider the role of planting in any further modelling work in the 
adaptation of St. Loyes to a changing climate. Two variants were produced: cross-ventilated 
(small vents at rear of building) and single sided. In both cases windows opened to 25% of 
their area and the building can be considered high mass. In line with Al Hemiddi, the 
reduction in courtyard temperature caused by planting was assumed to be 3°C between 9am 
and 6pm during July and August, and the reduction in wind speed to be 25% during the same 
times and dates. Only the internal temperatures on the ground floor were considered as one 
might expect these to show the greatest change.  
 



 
Figure 1. The IES model. 

 
Figures 2 to 5 and Table 1 show the results for July for the single sided and cross-ventilated 
rooms. It is clear that the modest reduction in external temperature, or the reduction in wind 
speed offered by the plants, has a material affect. Hence it would appear that: 
 

1. Planting may well affect the temperatures within the building. 
2. There is a need to consider the issue seriously as a way of making the design resistant 

to climate change and further work is probably worth completing. 
3. Unless the effect is highly non-linear, it is clear from the graphs that even much 

smaller reductions in external air temperatures have a measurable benefit in keeping 
the building warm. 

4. In this work, beneficial changes in air temperature are seen to outweigh the assumed 
reduction in wind speed. However this possibly might not be true if other plantings 
led to a greater reduction in wind speed. 

5. The reduction in internal mean and maximum temperature is seen to be linear with 
changes to daytime temperature caused by planting (Figure 6). 

6. A reduction of approximately 0.5°C in both mean and maximum internal temperature 
is seen of each 1°C of cooling provided by the plants (Figure 6). 

 



Table 1. Summary results: internal temperatures for July. (The current Plymouth TRY was used in the 
calculation.)  

Case Min. °C Max. °C Mean °C 
Cross ventilated 

Base case 18.98 29.71 24.37 
-3°C 16.56 28.42 22.81 
-2°C 17.37 28.83 23.33 
-1°C 18.18 29.23 23.85 
75% wind 19.52 30.32 24.88 
50% wind 19.72 30.95 25.43 

Single sided 
Base case 22.51 31.51 27.36 
-3°C 20.42 29.86 25.86 
-2°C 21.12 30.35 26.36 
-1°C 21.82 30.91 26.87 
75% wind 23.46 31.94 27.71 
50% wind 23.73 32.42 27.94 
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Figure 2. Air temperature in a cross-ventilated ground floor room. Base case, no plants = blue; plants reducing 
daytime temperatures by 3°C = red; plants reducing day time wind speeds to 75% of their value = green. 
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Figure 3. As Figure 2 but for a single week. 
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Figure 4. Air temperature in a single sided ventilated ground floor room. Base case, no plants = blue; plants 
reducing daytime temperatures by 3°C = red; plants reducing day time wind speeds to 75% of their value = 

green. 
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Figure 5. As Figure 4 but for a single week. 
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Figure 6. Changes in min, max and mean internal temperature as a function of changes in daytime summer 

external temperature.  
 
 
References 
Givoni, B., Impact Of Planted Areas On Urban Environmental Quality: A Review, 

Atmospheric Environment Vol. 25b. No. 3, Pp.289-299, 1991. 
DeWalle D. R. (1983) Windbreak effects on air infiltration and space heating in a mobile 

house. Energy Build. 5, 279-288. 
Parker J. H. (1983) The effectiveness of vegetation ,m residential cooling. Passive Solar a. 2, 

123-132. 
Parker J. H. (1987) The use of shrubs in energy conservation plantings. Landscape J. 6, 132-

139. 



Parker J. H. (1989) The impact of vegetation on air conditioning consumption. Proc., Conf. 
on Controlling the Summer Heat Island. LBL-27872. pp. 46-52. 

McPherson E. G., Simpson J. R. and Livingston M. (1989) Effect of three landscape 
treatments on residential energy and water use in Tucson, AZ. Energy Build. 13, 127 
138. 

Taha H. T., Akbari H. and Rosenfeld A. (1989) Vegetation canopy micro-climate: a field 
project in Davis, California. Lawrence Berkeley Laboratory, LBL-24593. 

Hoyano A. (1988) Climatological uses of plants for solar control and the effects on the 
thermal environment of a building. Energy Build. 11, 181-199. 

 


