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Abstract

	
 This research project aims to create awareness, among landscape architects, on the 

importance of ecological design.  Bioclimatic knowledge contributes to enhance the coexistence 

between natural and built environments, resulting in healthy places with high quality of life. The 

study examines ways of graphically representing climate information, to facilitate the 

understanding and application of bioclimatic design strategies for human comfort. Cache Valley, 

Utah is used as an example to demonstrate how extensive data can be represented graphically in 

a more readable and useful manner for practicing professionals. Temperature, humidity, wind and 

solar information were analyzed and converted into graphics through methods of bioclimatic 

analysis. The outcome is a recollection of graphic design guidelines to specific climate 

conditions, in this case Cache Valley, Utah. The resulting design guidelines will aid professionals 

to design sensitive spaces that minimize energy consumption while maximizing human comfort.
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Introduction

	
 Ancient civilizations’ understanding of the importance of regional adaptation of shelter 

offers valuable lessons for contemporary designers. It seems our societies can quickly forget 

some of the basic premises of sustainable practices and the  importance  of adapting  shelter to  

climate as  our earlier  settlements did. We  forget  that the environmental qualities of a site are 

the main tools we can use to design healthy places, and that “The desirable procedure would be 

to work with, not  against the  forces of  nature and to make  use of  their  potentialities to create 

better living conditions” (Olgyay, 1963). 

	
 The resources for designers of the built environment to create healthy places have existed 

for decades. Victor Olgyay in his book Design with Climate (1963) specifically examines the 

impact of climate, on building principles, by taking three mains steps. The first step to define the 

requirements for comfort of an specific location. Then, review the existing climatic conditions 

and finally synthesize the results and turn them into architectural expression that can be used for 

designing. In his book, he divides climate conditions for the United States into 4 main zones and 

creates design typologies appropriate for each condition. 

	
 Olgyay’s creative and analytical approach to design has been the base to many studies on 

bioclimatic and passive architecture. Edward Mazria in The Passive Solar Energy Book (1979) 

analyzes how site, climate, local building materials and sun can enhance design strategies to 

create passive solar buildings. Pursuing this further, G.Z. Brown in his book  Sun, Wind and 

Light (1985) uses Olgyay’s approach to  discuss the energy consequences of basic design 

decisions. Brown analyzes the relationship between architectural form and energy use by using 

bioclimatic charts, sun path diagrams and wind roses. Since decades ago, Olgyay’s work has 

been greatly influential in the field of bioclimatic design.
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 The study of bioclimatic design is still promoted nowadays. The Passive Low Energy 

Architecture (PLEA) is a worldwide organization that focuses on sustainable architecture and 

urban design. PLEA organizes an annual conference where professionals meet to find ways of 

better addressing ecological and environmental responsibility in architecture and planning. Other 

organizations, such as Solar Architecture in Europe (Steemers, 1991), organize similar events. 

This one specifically focused on finding ways to benefit European economy by reducing 

imported oil, reducing products’ cost and environmental pollution. There is no doubt that a lot 

has been done in the past regarding the study of bioclimatic  and passive architecture, but by 

looking at contemporary methods of designing we can quickly see  that most of these valuable 

studies are not being used to enhance the quality of life of the spaces we create.

	
 In recent years, an increasing interest in sustainable design has adopted LEED 

(Leadership in Energy and Environmental Design) guidelines and regulations.  Even though 

these “green buildings”  follow environmentally friendly building practices according to the 

Sustainable Site Initiative (SSI) they do not fully address landscape sustainability. Therefore, the 

Sustainable Sites Initiative (SSI) emerges as an effort “to develop standards and guidelines for 

site development that will reduce the environmental impact of landscapes”(The Sustainable 

Sites, 2007).  It is clear that the rapid depletion of resources and the demand for energy have 

make important and necessary the adoption of specific strategies of sustainable design. As 

sustainability measures get adopted by counties and states all over the country, the importance of 

preserving and conserving our resources for future generations becomes more evident.
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Objectives

	
 The poor clarity of the information available is one of the reasons as to why climate 

information is not currently used as a primary factor to design.  Even though there is a lot of 

information available on sustainable practices, there is not enough connection between the 

information and the current methods of designing. The interest in sustainable practices, and the 

necessity of recovering this vision of design drove this research project to make this information 

available and useful for professionals in the field of landscape architecture.

	
 Making bioclimatic information readable and applicable will allow landscape architects 

to design functional passive systems that will reduce environmental and economic impacts. 

Taking an ecological approach to design will positively affect the environmental, economic, and 

social dimensions of the community, by increasing stewardship of the land. This project uses 

Cache Valley, Utah to show how climate information can be transformed into useful resources 

for landscape architects and planners. The graphic outcome of this project can be analyzed and 

used to create design guidelines that will help professionals create healthy places with high 

quality life.
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Methods

	
 This study sets forth to process climate information that will be instrumental in the 

generation of graphic representations of climate conditions for Cache Valley, Utah. Weather 

information is aggregated by using the following charts and tools:

	
 -Thermal Comfort Condition Charts

	
 -Bioclimatic Chart

	
 -Bioclimatic Needs Table

	
 -Sun Path Diagram

	
 -Wind Rose

	
 Design considerations are extracted from each analysis and the information is later 

transformed into a design typology that is responsive to the bioclimatic needs identified for 

Cache Valley, Utah.

Weather Information

	
 In order to create an accurate representation of the bioclimatic conditions of the area, it 

was necessary to make an analysis of climate data from three weather stations in Cache Valley. 

Hourly climate data, for the past 5 years, was obtained from Greenville Farm, Birch Creek Golf 

Course and Utah State University weather stations. The databases provided us with appropriate 

information to represent the climatic conditions of the valley. Temperature, relative humidity, 

wind speed and direction were the main fields analyzed in this study. Data was grouped in order 

to generate different graphs that could be used to create design guidelines.

12



Climate Comfort Parameters

	
 Thermal comfort is determined by the body’s ability to dissipate heat and moisture at the 

same rate it generates them. It can be achieved by providing an adequate combination of heat 

transfer. Heat transfers in our environment by convection, conduction and radiation. Even though 

thermal comfort can vary between individuals, it is possible to define the major contributing 

factors to achieve human satisfaction. This study aims to specify design strategies that will 

contribute to create comfort by the use of bioclimatic design parameters. Figure 1, derived from 

Victor Olgyay’s “Relation of human body to the climatic elements”  (Olgyay, 1963) displays heat 

transfer occurring around the human body.

Thermal Comfort Condition Charts

	
 Based on temperature and relative humidity, two different type of charts (Figures 3 and 8) 

were created to represent the thermal comfort distribution of Cache Valley. Both figures classify 
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Figure 1 - Climate Diagram (Olgyay, 1963)



monthly comfort ranges into: hot & dry, hot, hot & humid, dry, comfortable, humid, cold & dry, 

cold, and cold & humid. Table A shows the amount of hours per day that follow in each range. 

The ranges derived from Victor Olgyay’s bioclimatic chart level of comfort, as shown in Figure 

2.
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Figure 2 - Comfort Ranges
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 Figures 3 through 7 are two dimensional representations of the distribution of seasonal 

and annual thermal comfort. Figure 8 is a three dimensional representation of Figure 3 which 

allows us to see more clearly the distribution of temperature ranges throughout the year.
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Bioclimatic Chart

	
 The Bioclimatic Chart (Figure 9), a preliminary analysis tool originally developed by 

Victor Olgyay, was used for this project with slight modifications to make it more related to 

Cache Valley’s conditions. The Bioclimatic Chart (Figure 9) analyzes the combination of 

temperature and relative humidity, to determine the bioclimatic strategies needed to provide 

comfort throughout the year. It indicates the comfort zone where no design strategies are 

necessary to maintain thermal comfort, and allows us to visualize how much comfort can be 

achieved through different design strategies that are mentioned below. 

	
 -Thermal mass and ventilation

	
 -Evaporative coolers

	
 -Thermal mass

	
 -Natural ventilation

	
 -Passive solar heating

	
 To create this graph points were plotted on a Excel chart. Each one of these points 

represents the average temperature and relative humidity per hour for the past five years. The 

Excel file allows us to visualize the plotted points daily, monthly, seasonally and/or annually, in 

order to accommodate for the needs of any project. In order to create a general analysis of Cache 

Valley we created seasonal and annual Bioclimatic Charts.
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Figure 10 - Spring Bioclimatic Chart, Logan, UT Figure 11 - Summer Bioclimatic Chart, Logan, UT

Figure 13 - Winter Bioclimatic Chart, Logan, UTFigure 12 - Fall Bioclimatic Chart, Logan, UT



Bioclimatic Needs Table

	
 The Bioclimatic Needs Table (Figure 14) displays the typical temperature range by hour 

throughout the day in order to identify times and seasons of the year below or above comfortable 

ranges. The blue dashed lines represent sunrise and sunset hours. The graph plots temperatures 

occurring through the year in 5°F increments. Considering a comfortable environment between 

65°F and 80°F, this graph helps us identify when shade or sun exposure is needed, for 

establishing design guidelines. 
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Figure 14 - Bioclimatic Needs Table



Sun Path Diagram

	
 The sun’s position throughout the year is critical to complement the results of 

temperature and humidity conditions assessment. Sun Path Diagrams specifically made for 

Cache Valley’s latitude (42 degrees North) were created for this analysis. The Sun Path Diagram 

(Figures 15 and 16) is a graphic representation of the sun’s trajectory across the sky. This 

diagram can help us calculate solar position in altitude and azimuth (orientation), which is useful 

when determining the solar availability for a site. 

	


21

Figure 15 - Sun Path Diagram - Summer and Fall



Two diagrams were created by plotting average temperature data in 10°F increments throughout 

the year. Figure 15 represents summer and fall conditions, while Figure 16 represents winter and 

spring conditions.
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Figure 16 - Sun Path Diagram - Spring and Winter



Wind Rose

	
 Annual and seasonal wind roses were created in order to visualize wind frequency, speed 

and direction in specific areas of Cache Valley. The wind roses were created by using wind speed 

and direction data from the Greenville weather station, as this weather station provided us with 

the most accurate wind information. The wind roses organize wind information in 16 cardinal 

directions composed by color-coded bands that represent different wind speed ranges that are 

associated to levels of human comfort.

Wind Speed and Human Perception of Comfort

	
 1.2 mph or less - pleasant

	
 1.2 - 2.4 mph - pleasant + aware of wind

	
 2.4 - 4.8 mph - enjoyable during summer but unpleasant during winter

	
 4.8 or more mph - generally unpleasant

	
 The first step on creating the wind roses was to classify wind direction, originally in 

azimuth degrees, into 16 cardinal directions. Then, to calculate and classify wind frequency for 

each one of the ranges listed above by counting the percent of total hours that wind blows in each 

direction. Tables B-F display wind frequency percentages per speed ranges. This values were 

graphed using Adobe Illustrator to  display frequency in color coded bands associated to wind 

ranges.
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Table B - Annual Wind Ranges

Table C - Spring Wind Ranges

Table D - Summer Wind Ranges

Table E - Fall Wind Ranges

Table F - Winter Wind Ranges
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Results

	
 Several design considerations can be extracted from the analysis of the previous graphs in 

order to establish appropriate bioclimatic design strategies for Cache Valley, Utah.

Thermal Comfort Condition Charts

	
 Even though the climate in Cache Valley is predominantly cold, as shown in Figure 3, it 

has two contrasting temperature patterns being dominantly hot and dry during the summer 

(Figure 5) and mainly cold during the winter (Figure 7). Therefore, it is ideal to maximize 

radiation absorption, increase heat gain and retention, and allow for light to enter the buildings 

during the winter, while providing shaded areas during the summer.

Bioclimatic Chart

	
 In the Bioclimatic Charts (Figures 9 through 13), we can see drastic changes in seasonal 

temperature and relative humidity. By looking at Figure 11 and Figure 13 we can see that climate 

conditions during summer and winter are completely opposite in Cache Valley, which confirms 

previous findings from the Thermal Comfort Condition Charts. For this reason, it is necessary to 

take into consideration design strategies that will be functional in contrasting climate conditions. 

Figure 10, Figure 11 and Figure 12, shows us that many of the climate issues during spring, 

summer and fall, can be addressed through passive solar heating, natural ventilation and thermal 

mass.
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Bioclimatic Needs Table

	
 The bioclimatic needs table allows us to visualize times and season below or above 

comfortable ranges. From this table, specific shading and solar access recommendations were 

created for different times and seasons of the year.

Sun Path Diagram

	
 The following design considerations can be extracted from the information provided on 

the Sun Path Diagrams (Figures 15 and 16):

• No sun exposure from June 21st to August 21st.  between noon to sunset.

• Full sun exposure all year before 10:00am.

• Full sun exposure all day from September 21st to March 21st.

	
 The Sun Path Diagram contributes to define the orientation angle in which the building 

must be place in order to maximize radiation absorption, and provide needed shaded areas during 

the summer. According to the findings the appropriate orientation angle for Cache Valley, lies at 

30° North of East.

Wind Rose

	
 The Wind Roses (Figures 17 through 21) indicate that eastern wind has the adequate 

speed and frequency to allow for ventilation during summer and fall, while northern wind should 

be minimized to maintain heat during the winter and avoid high speed winds during spring.
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Findings

	
 Several design guidelines outlined by Victor Olgyay were tested against the results of this 

study. The main guidelines considered in the study are discussed in Table G.

TOP 5 DESIGN GUIDELINES FOR CACHE VALLEYTOP 5 DESIGN GUIDELINES FOR CACHE VALLEY

Suggested guidelines are indicated in the three dimensional prototype (Figure 6).Suggested guidelines are indicated in the three dimensional prototype (Figure 6).

1. ORIENTATION For optimizing early solar gain throughout the year and preventing 
afternoon sun access during the  summer, the ideal orientation for 
spaces lies at about 30° North of East

2. FORM, VOLUME Cold weather requires compact structures with reduced exterior 
surface to maintain heat. Recommended footprint proportion is 2:3 
along the EW axis

3. ROOF Sloping roofs to allow for snow removal.

4. SHADING DEVICES Shading during the summer is desirable, but it should not interfere 
with solar access gain during under-heated seasons. Covered 
terraces, pergolas and sunrooms are ideal in order to optimize solar 
access.

5. LANDSCAPE Evergreen trees need to be carefully sited to block strong winds 
during the winter and allow for comfortable winds to provide 
ventilation during the summer. Deciduous trees should be placed 
in the Southeast in order to mitigate heat and create usable outdoor 
spaces during the summer.

As shown in Figure 22, the relationship between indoor  and outdoor spaces offer ideal locations 

for certain activities to occur.  It is important to consider the placing of openings in order for the 

building to be effective. Southeast openings should be maximized to allow for ventilation during 

the summer, and solar access gain during the winter. Reducing Northwest openings can help 

retain heat during the winter while blocking high speed wind throughout the year.
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Table G - Top 5 Design Guidelines for Cache Valley
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Figure 22 - Prototype Home for Cache Valley, Utah - Plan View

Figure 23 - Prototype Home for Cache Valley, Utah 
Summer Southeast View - June 21st 2:00 pm
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Figure 24 - Prototype Home for Cache Valley, Utah 
Winter Southeast View - December 21st 10:00 am

Figure 26 - Prototype Home for Cache Valley, Utah 
Winter Southwest View - December 21st 10:00 am

Figure 25 - Prototype Home for Cache Valley, Utah 
Summer Southwest View - June 21st 2:00 pm



Conclusions

	
 Bioclimatic strategies can greatly enhance the design process, while creating a working 

relationship between architecture and environment. By looking at design in ancient times, we can 

clearly see how the principles of bioclimatic architecture were used by our ancestors hundreds of 

years ago. Designing with plant material requires landscape architects to develop sensitivity for 

climate and site conditions. Nowadays, technology can help us address design issues in a much 

more effective and simple manner, and as landscape architects  it is important that we use those 

resources to benefit the spaces we create.

	
 Taking into consideration simple bioclimatic strategies can greatly reduce environmental 

costs and add to the quality of the place created. Transforming climate information into graphic 

representation can help landscape architects and designers to have access to readable information 

that can be implemented during the design process. Design guidelines can be easily deducted 

from the graphs to create design typologies that can be applied in small or large scale design 

projects.
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Future Work

	
 Bioclimatic design possibilities need to be explored in a more profound manner, by future 

generations, in order to better understand the quality of the places we live in. A lot of aspects 

such as the influence of different plant and animal communities, hydrological and geological 

processes, can become an excellent source of information for sustainable practices in the design 

fields.

	
 It would also be beneficial to measure energy needs of a regular building versus a 

building(of relatively the same size) designed following the bioclimatic strategies discussed in 

this paper. The energy consumption rates could then be transformed into amount of money spent 

on energy per year. This would give individuals an idea on how much they can profit by 

following simple guidelines of bioclimatic architecture.
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Bioclimatic needs for Logan, UT

Bioclimatic Design for Cache Valley, UT

 Several design considerations can be extracted from 
the analysis of these graphs in order to establish appropriate 
bioclimatic design strategies for Cache Valley, Utah.

Bioclimatic Chart
 
 In the Bioclimatic Charts (Figures 2 through 6), we can 
see drastic changes in seasonal temperature and relative 
humidity. By looking at Figure 4 and Figure 6 we can see that 
climate conditions during summer and winter are completely 
opposite in Cache Valley. For this reason, it is necessary to take 
into consideration design strategies that will be functional in 
contrasting climate conditions. Figure 3, Figure 4 and Figure 5, 
shows us that many of the climate issues during spring, summer 
and fall, can be addressed through passive solar heating, 
natural ventilation and thermal mass.

Bioclimatic Needs Table
 The bioclimatic needs (Figure 7) table allows us to visualize 
times and season below or above comfortable ranges. From 
this table, specific shading and solar access recommendations 
were created for different times and seasons of the year.

Sun Path Diagram
 The following design considerations can be extracted from 
the information provided on the Sun Path Diagrams (Figures 8 
and 11):
• No sun exposure from June 21st to August 21st.  between 
noon to sunset.
• Full sun exposure all year before 10:00am.
• Full sun exposure all day from September 21st to March 21st.
 The Sun Path Diagram contributes to define the orientation 
angle in which the building must be place in order to maximize 
radiation absorption, and provide needed shaded areas 
during the summer. According to the findings the appropriate 
orientation angle for Cache Valley, lies at 30° North of East.

Wind Rose
 The Wind Roses (Figures 14 through 18) indicate that 
eastern wind has the adequate speed and frequency to 
allow for ventilation during summer and fall, while northern 
wind should be minimized to maintain heat during the winter 
and avoid high speed winds during spring.

Design Guidelines
 Several design guidelines outlined by Victor Olgyay were 
tested against the results of this study and are discussed below.

Suggested guidelines are indicated in plan view (Figure 1) 
and  three dimensional prototype (Figures 9, 10, 12 and 13).

TOP 5 DESIGN GUIDELINES 
FOR CACHE VALLEY, UT

1. ORIENTATION For optimizing early solar gain throughout the year 
and preventing afternoon sun access during the  
summer, the ideal orientation for spaces lies at 
about 30° North of East

2. FORM, VOLUME Cold weather requires compact structures with 
reduced exterior surface to maintain heat. 
Recommended footprint proportion is 2:3 along 
the EW axis

3. ROOF Sloping roofs to allow for snow removal.

4. SHADING DEVICES Shading during the summer is desirable, but it 
should not interfere with solar access gain during 
under-heated seasons. Covered terraces, 
pergolas and sunrooms are ideal in order to 
optimize solar access.

5. LANDSCAPE Evergreen trees need to be carefully sited to 
block strong winds during the winter and allow 
for comfortable winds to provide ventilation 
during the summer. Deciduous trees should be 
placed in the Southeast in order to mitigate heat 
and create usable outdoor spaces during the 
summer.

 
 As shown in Figure 1, the relationship between indoor  
and outdoor spaces offer ideal locations for certain activities 
to occur.  It is important to consider the placing of openings 
in order for the building to be effective. Southeast openings 
(Figures 9, 10, 12 and 13) should be maximized to allow for 
ventilation during the summer, and solar access gain during 
the winter. Reducing Northwest openings can help retain heat 
during the winter while blocking high speed wind throughout 
the year.

Figure 1 - Prototype Home for Cache Valley, Utah - Plan View

Figure 2 - Annual Bioclimatic Chart, Logan, UT
Ave. Temperature 2005-2011

Figure 7 - Bioclimatic Needs Table

Figure 11 - Sun Path Diagram - Spring and Winter 

Figure 14 - Annual Wind Rose

Figure 5 - Fall Bioclimatic Chart, Logan, UT
Ave. Temperature 2005-2011

Figure 3 - Spring Bioclimatic Chart, Logan, UT
Ave. Temperature 2005-2011

Figure 4 - Summer Bioclimatic Chart, Logan, UT
Ave. Temperature 2005-2011

Figure 6 - Winter Bioclimatic Chart, Logan, UT
Ave. Temperature 2005-2011

Figure 8 - Sun Path Diagram - Summer and Fall

Figure 15 - Spring Wind Rose

Figure 16 - Summer Wind Rose

Figure 18 - Winter Wind Rose

Figure 17 - Fall Wind Rose

Figure 9 - Prototype Home for Cache Valley, Utah
Summer Southwest View - June 21st 2:00 pm

Figure 10 - Prototype Home for Cache Valley, Utah
Summer Southeast View - June 21st 2:00 pm

Figure 12 - Prototype Home for Cache Valley, Utah
Winter Southwest View - December 21st 10:00 am

Figure 13 - Prototype Home for Cache Valley, Utah
Winter Southeast View - December 21st 10:00 am
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