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Abstract
In new urban design approaches paying attention to the quality of public urban spaces and
make into consideration the human relationships and activities in the design process is one of
the important aims toward green architecture. In the cities with unpleasant weather, preparing
tolerable microclimate in outdoor public urban spaces is the first precedence of design.

This article presents the results of a field study research that was done in the subject of
thermal condition in outdoor public spaces of Amanieh region in Ahvaz city. Ahvaz in south
Khoozestan in Iran is one of the cities with unpleasant hot and semi humid climate. This
research is focusing on the time and period of unpleasant thermal conditions in the summer of
2010. The research has been done base on: 1) meteorological station data of Ahvaz, 2) field
study data collected by the portable Kestrel personal weather station, 3) occupants’ activities
and behaviour in those periods. Comparing the collected data with outdoor thermal indices
such as Perceived Temperature (PT), Universal Thermal Climate Index (UTCI), Temperature
Humidity Index (THI), Heat Index (HI), Humidex and Tropical Summer Index, will give a
prediction of the thermal condition of the urban microclimate of Ahvaz in Summer time.
Analysing occupants’ reaction to hot conditions and the personal strategies they used to adapt
to unpleasant thermal conditions will help to propose flexible and practical principles for
outdoor climatic design. These principles are based on design strategies for using renewable
energy such as wind and solar radiation that help to achieve a tolerable thermal microclimate
in the public spaces of Ahvaz.
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1. Introduction

In the urban spaces with low quality, only urgent and needful activities will take place and
people will leave the outdoor areas immediately. In the contrary in places with high
quality, not also the needful activities will take place, but a great range of social activities
will happen. Thermal comfort is one of the determinant conditions of desirable space’s
criterion. In the cities with unpleasant weather, preparing tolerable microclimate in public
urban spaces is the first precedence.

For designing a public space in Amanieh region of Ahvaz, a project was proposed
by the Mayer of this city. Ahvaz in south Khoozestan province in Iran is one of the cities
with unpleasant hot and semi humid climate in the most period of the year. The yearly
average temperature is almost 26° C, mean maximum temperature is almost 46° C and
mean minimum temperature is almost 7° C. Absolute minimum temperature rarely goes
under zero while the absolute maximum temperature goes over 54° C. Relative humidity is
high. In winter it is more than 50% and goes up to 90% at night. In hot seasons relative
humidity is between 10% in midday to 60% in sunrise hour’. According to sever climatic
condition of this city, designing an outdoor public space will not be successful without
paying attention to the thermal condition of pedestrians. To have reliable prediction by
using outdoor thermal indices (Epstein & Moran 2006, Tahbaz 2010), microclimate data of

L _ http://www.irimo.ir/farsi/drought/shenasnamehEghlimi.asp , http://www.irimo.ir/farsi/amar/r3.asp
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Amanieh in summer days of 2010 was collected. Comparing the assumed thermal
condition predicted by indices with the local people behavior will give better analyses of
climatic needs for design strategies. Suggesting the design strategies for using renewable
energy such as wind and solar radiation, are the results of this research. These suggestions
are made base on the climatic needs that help to achieve a tolerable thermal condition in
the public spaces of Ahvaz.

2. Data and Material

To analyze thermal conditions in outdoor spaces of Amanieh region in Ahvaz three groups
of data are used. 1- Meteorological station data of Ahvaz from 1951 to 2005. These data
will show the general climatic condition of this area. 2- Daily meteorological data of the
days of observation. These data will show that the observation days are hotter or cooler
than the general climatic condition. 3- Data collected by the Kestrel weather station (Fig.
1) in the site of observation. These data will show the real microclimate condition
according to the existent construction and architecture of the area.

Fig 1. kestrel WS-4500-KIT 4500 Portable Weather Station
http://ambientweather.wikispaces.com/Weather+Station+Comparison+Guide

3. Research Methodology

According to the outdoor thermal conditions, laboratory researches have proposed several
indices for outdoor thermal condition analysis. The first group of indices is based on thermal
stress model. Heat stress indices such as heat index (HI), Humidex, Tropical Summer Index
(TSI), Discomfort Index (DI) and Wet Bulb Globe Temperature (WBGT) are prepared for hot
conditions. Some of outdoor indices are prepared base on heat budget model. They are capable
to evaluate both cold and hot conditions such as Perceived Temperature (PT), Temperature
Humidity Index (THI), and Physiological Equivalent Temperature (PET). The latest index is
based on comprehensive heat budget model of human biometeorology, called Universal
Thermal Climate Index (UTCI). It is being prepared by a group of specialists (Cost Action
730). In a research project by Tahbaz 2010 all these indices where studied and compared
together by the context of psychrometric chart (Tahbaz 2010). In this study it became clear
that these indices are not in a good coincidence together. Therefore using an index for a
specific project in a city needs to be clarified by local observations to find out which index
will be more suitable for predicting the thermal condition of the study site.

In this research all the indices where examined to analyze the data. By comparing the
predicted thermal condition with the local people and tourist behavior in the public spaces of
Ahvaz, it was clear that two of these indices are better suited to real condition. Therefore
Perceived Temperature (PT) and Temperature Humidity Index (THI) where chosen as the best
indices for Ahvaz climate condition.


http://www.ambientweather.com/kews4500kit.html
http://ambientweather.wikispaces.com/Weather+Station+Comparison+Guide
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3.1 Meteorological data of Ahvaz

Climatic data of Ahvaz is provided by Meteorology Organization of Iran. Using the
average temperature and humidity data of 1951-2005, the Outdoor Climatic Calendar of
Ahvaz is drawn (Fig. 2). Analyzing this calendar by outdoor thermal indices such as
Perceived Temperature (PT) and Temperature Humidity Index (THI) shows that in a great
part of the year, thermal condition in Ahvaz will go through very hot and heat stress
situation. According to this calendar, from May to October, outdoor thermal condition at
night time goes to Low and Moderate Heat Load. It means that preventing emitted solar
energy that is absorbed in the materials and preparing continues air flow is required. In
this period, daytime from 10am to 8pm, weather condition goes to heavy and extreme heat
load that means exposure time to outdoor spaces should be limited and mechanical
equipments such as fans and cool-water air-push are required to prepare tolerable
microclimate in public outdoor spaces (Fig. 3). From November to March, weather is very
good and outdoor spaces will benefit from comfortable thermal condition. Only night time
in December to February weather will become a little cold.

Bioclimatic Graph Of AHWAZ
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Fig 2. Outdoor thermal condition in Ahvaz (Tahbaz et al 2010)

Fig 3. Outdoor cooling mechanical equipments — Kuala Lumpur

3.2. Observation points

To find out the reliability of this prediction a field study had been done in Amanieh region
in Ahvaz for two hot days of summer 2010: Tuesday 15 June and Wednesday 28 July. A
path of observation was determined and some public spaces were chosen as the
observation points (Fig. 4).

A portable Kestrel weather station was used to collect the data of temperature,
humidity and wind speed in all observation points. Data was collected from 7:30am to
1pm and from 5pm to 9pm. The data was gathered as a sample of microclimate to show
how thermal condition is in real situation by the effect of constructed elements in the
urban public spaces of the city.
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Because of the extreme heat load in the period of 1pm to 5pm (temperature more
than 50" C) it was not possible for the research team to collect the data. They were not
adapted to this kind of hot weather and heat stress was a real danger for them (Brager & de
Dear 1998). Observation of local people’s behavior in these period showed that they had
better adaptation and the severity of the climate was not a dangerous situation for them.

A 'r L =~ ..‘
Fig 4. The path and points of observation in Amanieh region in Ahvaz (Tahbaz et al 2010)

4. Results and Analysis

4.1. Collected Data

In two days of observation that were chosen from working days (Tuesday and
Wednesday), announced data by the meteorological station of Ahvaz is presented in table
1%. The collected data by Kestrel weather station is presented in tables 2-4. Table 2 shows
the effect of constructed outdoor spaces in microclimate changes. Table 3 shows the effect
of green spaces, water fountain and parks in microclimate condition. Table 4 shows the
data collected on the second day of observation. It shows the effect of residential
construction, river side and shaded bazaar on microclimate changes.

Ahvaz Min Temperature Max Temperature | Min Humidity | Max Humidity
Date C C % %
15 June 2010 30 50 7 34
28 July 2010 32 48 12 40

Table 1. Temperature and Humidity announced by meteorological station of Ahvaz

Date: Time | Tempe | Humidit | Wind | Observation point
15 June rature |y speed
2010 C % m/s

Emam |17:22 |41.9 11.3
Bazar 17:24 | 46 8.1
17:28 | 42.7 10.9
17:45 | 425 -

Hotel 17:47 |42.8 12.2
yard 17:51 |40.8 12.8
and

Emam
Bazar

2 _ http://irimo.ir/farsi/current/index.asp?579518.616199493 , http://www.irimo.ir/farsi/current/history2.asp
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Hejrat | A:
Sq. 10:15 | 38.7 15.8 1.8
south 18:00 | 46.3 9.6
20:30 | 41.8 11.5
10:45 | 41.2 13.6
Hejrat | B
Sq. 10:16 | 38.3 15.6 1.8
Eas 18:03 | 48.1 5.1
C
10:17 | 37.7 16.1 2
18:04 | 49 4.4
D
10:19 | 37.8 16.4 1.1
18:05 | 48.9 4.3
North E
East 10:22 | 38.6 16.2 Tree
18:19 | 44 6.8 shade
F
10:24 | 38.8 15.3 2.2
18:22 | 47.6 5.2
Table 2. Data collected in Amanieh region (Bazaar and Hejrat Sg.)
Date: 15| Time | Tempe | Humid | Wind | Observation point
June rature | ity speed
2010 C % m/s
Park N
Hejrat 10:47 |40.9 12.8 1.8
18:40 | 45.6 9.4
10:49 | 40.6
18:41 | 45 8.9 1.3
18:43 | 46 6.8 1.7
Park 9:00 32.9 26.8
Hejrat 10:53 |41.2 13.6
Middle 18.43 | 46 8.6 2.4
grass 10:55 |40.2 15 1.7
Park 8:59 31.8 31.9 1.8
Hejrat 9:00 30.8 35.8 1.3
and water | 11:00 | 40.1 16.5 1.3
fountain | 18:44 | 45.2 10.2 2.1
Moosa 8:11 41.4 10 1.2
sadr Ave. | 10:11 |42.2 9.7 2.1
North 18:52 | 46.5 8.2
side 18:54 | 46.6 7.7 1.6
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Moosa 11:13 | 44.1 10.5
sadr Ave. | 11:16 | 42.9
south side | 18:56 | 46.5 7.9 2.3
18:59 | 46.4 7.9 el
19:1 47 7.1 3.2 ‘} SR -
Table 3. Data collected in Amanieh region (Park Hejrat & Moosa Ave.)
Date: Time | Tempera | Humid | Wind | Observation point
28 July ture ity speed
2010 C % m/s
Newsit | 9:30 33 39.5
e 10:00 | 36.5 36
Town
Naft 10:30 | 38 27.4
Town
Karoon | 11:00 |40 30
river 11:10 | 37.9 27.5
East
side
Emam | 17:15 |404 12.9 2.5
Bazar |17:25 |41 17.5
East 17:50 |41.1 15.3
Ave.
Emam |17:35 |[41.2 14.6
Bazar |17:40 |40.6 13.5
Inside | 17:43 |38.7 19.2
Shade |17:45 | 38.8 18

4.2. Results

To identify the effect of constructed outdoor spaces on thermal condition, the observed
data are transferred to a new chart proposed by Tahbaz 2010. It shows the thermal zones
of Perceived Temperature (PT) and Temperature Humidity Index (THI) on psychrometric
chart called Outdoor Bioclimatic Thermal Indices Chart. This chart makes it easier to
analyze the effects of constructed observation points on microclimate thermal condition of

the outdoor areas. (Fig. 5).

Table 4. Data collected in Amanieh region (New towns, Karoon side and Bazar)
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Fig 5. Collected data on psychrometric chart (Ref: Tahbaz 2010)

Fig. 5 shows the effect of constructed area (red lines), green spaces and

water

fountains (purple lines), shaded Bazar (blue points), riverside area (dark green line) and
small towns (light green lines) on local climate (black and grey lines). The results of Fig 5

and tables 1-4 should be summarized as bellow:

1- The constructed areas (red lines) are the main reason for overheating in noon and
afternoon. That is why the weather becomes warmer and dryer in the afternoon in

comparison with meteorology station data for the days of observation.

2- Existence of shadow in similar conditions will reduce the temperature to 5 degrees
by increasing the humidity percentage. It means that providing shadow in
constructed areas and walkways will make better microclimate for pedestrians.

3- Walkways with high ceilings above them are better than walkways with low

ceilings or without an overhead. Ceilings made of brick or concrete will
better shadow in comparison with ceilings made of metal plates.

make

4- Pavements covered by concrete or clay tiles with light color have better situation
than dark stone pavements. Using green surfaces in some part of pavement will

reduce the solar energy emission and the temperature of the area will
sensibly.

drop

5- Ordinary coolers used for indoor shops will cause overheating of their adjacent
walkways. Using split coolers showed better results in reducing the temperature of

the outside adjacent area.
6- From morning to the evening the temperature is getting warmer and the
condition will last till late in the afternoon. Therefore using open spaces

warm
in the

evening and night summer is accompanying by thermal problem. In this period

using thermal solutions such as passive or active strategies is required.

7- Water fountains have great effect on decreasing temperature and increasing

humidity. They will help to drop the thermal stress by one level. Therefore

heavy

or extreme heat load will drop to low or moderate heat load by the effect of
evaporative cooling. Using cool-water push equipments are another solution for
providing positive changes in small outdoor microclimates like outdoor stations or

coffee shops that need long term exposure. (Fig 3)
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8- The areas next to Karoon River have warm and more humid weather. By
increasing the distance from the riverside, weather will become warmer and dryer.

9- Green areas in comparison with water fountains have warmer and dryer
microclimate but they are cooler than constructed areas and will help to moderate
the weather.

10- Using trees and green surfaces in walkways and building facades will reduce the
temperature by making shadow and preventing of solar energy emission. (Fig 6)

SR
00r spaces

= A

Fig 6. Green surfaces and trees will modify the thermal condition of outd

5. Conclusions

The field study in Amanieh Ahvaz shows that summer condition in this city is not suitable
for outdoor public spaces. Most of the time in summer days the weather goes to heavy and
extreme heat stress condition. For local people with adaptation to this situation it is easier
to tolerate the condition and stay outside for a longer time. But for tourists from colder
areas weather will go to dangerous situation and heat exhaust or heat stoke may happen
(Tahbaz 2010). To modify the hot weather in summer days to a lower level of thermal
condition (moderate or low heat stress) it is necessary to use architectural climatic
strategies. Making shadow for walkways and public spaces is one of these strategies that
will help to stay outdoor spaces for longer exposure time. Using green surfaces and trees is
another solution to this requirement. Making pavements with light color materials and
cover the walkways with ceiling is a good solution to make shadow. Great green spaces
and water surfaces adjacent to the public spaces is a good strategy to reduce the
temperature and make a moderate microclimate. Water fountains and cool-water push
equipments have the ability to make a pleasant microclimate condition even in hot
weather. They will help people to stay for a longer time in outdoor public spaces and enjoy
their time.
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