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2.

GENERAL SUMMARY OF THE WORK OF THE SESSION
1.

ORGANIZATION OF THE SESSION

1.1

Opening of the session
The Director-General of SMHI (Swedish Meteorological and
Hydrological Institute), Mr Bert Ekstrom opened the session and
extendend a welcome to the participants* (Annex A), to Sweden,
Norrkôping and SMHI. In stressing the importance of urban and
Building Climatology both to national economies and to the
human environment he wished the session success in reaching
viable conclusions and recommendations.
On behalf of the Secretary-General of WMO, Prof GOP Obasi,
Dr Olsson welcomed the participants to this important session of
the Working Group on UBC, which included the chairman of the
CCI Working Group on Energy. He extended a special welcome to
the representatives from other organizations emphasising the
importance of cooperation in this interdisciplinary area of the
society. Dr Olsson also extended a special welcome to Mr
Markandan, the PR of Malaysia with WMO, who was to discuss
the urban climate study (SCAP, refl4) planned for Kuala Lumpur
area with the group.Finally Dr Olsson thanked SMHI and its
Director for providing room and facilities for the meeting.

1.2

Approval of the agenda
The session approved the agenda presented in Appendix B.

2.

BACKGROUND INFORMATION
The chariman, Prof Taesler, introduced the documents 2-13
distributed to the participants prior to the meeting (Annex C) and
referred to the Second WMO Long-Term Plan (especially Part II,
Vol 2 on The World Climate Programme), the final report from
CC1-IX (WMO-No 660) and the report from the CCI Advisory
Working Group meeting August 1987. This as well as some
additional material was available to the participants during the
meeting.
The session was reminded of the terms of reference for the working
group and individual rapporteurs. The conclusion and
recommendations from this session will form the basis of the report
from the chariman of the working group to the president of CCI
and will be considered further at CCl-X, April 1989. Although,
results from the meeting may lead to more immediate activities
the main recommendations are directed towards the Third WMO
Long-Term Plan, ie activities starting 1992. The plan and budget
for activities in UBC within WMO during 1988-91 was already
established by WMO Cg-X, was presented by Dr Olsson

CO-OPERATION WITH OTHER AGENCIES
Prof Torrance informed the participants of the organization,
structure and activities of CIB. He welcomed this opportunity to
participate in the present session and expressed hopes that there
will be oppurtunities for intensified cooperation between WMO
and CIB.
ProfBitan informed the participants of the organization, structure
and activities of IFHP. In particular he and Prof Nakamura
informed about the planned conference on Urban Climate,
Planning and Building, to be held 6 - 11 November in Kyoto,
Japan. Further discussions related to the program of the
conference and possible ways of involving other agencies, eg as
co-sponsors. The meeting agreed that there is a need for
collaboration and coordination of activities between the various
organizations dealing with UBC related matters. The meeting
recommended that the Kyoto-conference should be organized with
cosponsorship by IFHP/CIB/WMO.
It was also recommended to review mailing lists and channels of
information between the organizations, and furthermore, that
representatives of organizations as far as possible and feasible be
invited to meetings of other organizations in order to facilitate
optimized exchange of information and coordination of activities.
GUIDANCE MATERIAL AND PUBLICATIONS
The meeting reviewed the available and planned guidance material
and technical documentations. The group expressed its great
satisfaction with the extensive material prepared by Prof
Kobysheva as "Guidance Material on the Calculation of Climate
Parameters used for Building Purposes". It was recommended that
the next draft be circulated to the members of the working group
for comments and that a final manuscript be available by the end
of 1988.
It further noted with great appreciation the new bibliography by
Prof Oke on Urban Climatology covering the period 1981-87. The
group also was informed that the bibliography is available on
disquetts in computer readable form. Members of the working
group as well as others, were asked to communicate corrections,
additions, comments etc to Prof Oke before the end of 1988. The
group recommended that WMO after receiving an updated
manuscript from Oke arranges for early publications of the
bibliography.
In considering the needs for further documentation the group noted
that the following were under preparation:
a)

Note on "Application of Climatological Data in Building" by
Dr Quintan

b)

"Guidelines for Urban Design in Different Climates" by Prof
Givoni

c)

Note on "Impacts of Climate on Buildings" by Dr Bigelius
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d)

Review and update of CIB TN # 15 "Meteorological
Information for the Construction in Architicture, Building
and Civil Engineering by Drs Keeble and Kolbig.

The group felt that there was still a need for completing the work
with the pending documents, but appriciated the problems related
to resource allocation for final editing and publication.
As regards item a) Dr Quinlan informed that the work has been
reorientated so as to develop applications of the CLICOM-system.
On basis of the review presented by dr Boodhoo of the manuscript
on item b) above and in view of the following discussion, the group
agreed on the need for further editorial revision of. the manuscript,
followed by circulation for comments, etc by the members of the
working group on UBC.Prof Taesler informed that a draft in
Swedish is available on item c) and that he has taken on the task of
translating and editing the manuscript. Dr Keeble informed that
progress is made on the revision of CIB TN #15.
It was emphasized that the most urgent need presently is to
publish "intermediate level guidance material", eg somewhere
between the popular brochures on UBC resp CHH and the various
technical documents and proceedings. It was recommended that
preparation of needed additional guidance material should be
included in the tasks/terms of reference of a future Wg on UBC
that may be established by CC1-X. This task should be carried out
in cooperation with CIB and IFHP.
GENRATION OF SITEr-SPECIFIC DATA
The climate/weather experienced at a site may be significantly
different form that observed by the nearest weather station. This
creates serious problems in many application areas, incl those
related to UBC. The group felt that there is a great need to review
the various methods available for interpolation and. inferring
site-climate-condition. Realizing that suitable methods may be
specific both with regard to climate and fields of application it was
recommended to establish a joint WMO/CIB/IFHP task force
group on the subject. It was also recommended that WMO arrange
for a general review of available methods eg by organizing a
scientific workshop with representation also from various applied
"user" areas. Results from such a workshop should form the basis
for development of guidelines on how to generate site-specific data
for various applications and, as feasible, for recommendations of
methods for adaption to CL1C0M.
USE OF CLICOM IN UBC APPLICATIONS
Dr Stern presented the background and elaborated on the future of
the CLICOM project within WMO. He gave a detailed
demonstration of the available CLICOM system and invited
participants to discuss potential interest of the UBC community in
the use and further development of CLICOM.

The group saw great potential in CLICOM, especially as it will
provide quality-controlled standardized basic climate information
as input to various UBC applications. It was recommended that
some derived parameters, eg degree days, relative humidity and
possibly some indices, such as windchill, driving rain, etc should be
provided for by the CLICOM-DM (Data Management) part of the
system. It was further recommended that the provision of advice
on further development along these lines be charged to a future
Working Group under CCI. The session endorsed the plan to
incorporate standard statistical and spreadsheet programs into the
CLICOM software system. The group felt that the material
compiled by Prof Kobysheva also could serve as a basis for
developing CLICOM-application modules and noted that several
programmes in Fortran already are available in USSR and could be
made compatible with CLICOM. The group also noted with
appreciation that Prof Page, a former member of the group, offered
several application program for adoption to the CLICOM-system.
The value of development of a referral system , eg a
CARS-UBC-CLICOM, containing information on methods
applicable to the UBC area and compatible with CLICOM was
emphasized.
The need for tutorial users guides on the interface to and further
development of compitible application methods to the CLICOM
system was recongnized by the group.
7.

UN INTERNATIONAL DECADE FOR NATURAL DISASTER
REDUCTION. IDNDR
The session was informed about the plans for WMO participation
in the IDNDR. The group saw a potenial for bringing the attention
to the UBC-aspects in connection with this programme. It was
recommended that information material showing the potential to
reduce the vulnerability of human settlements through proper
consideration of UBC be prepared, eg as a brochure or phamphlet.
Guidelines for assessing the risks for damage by flooding,
landslides, excessive heat stress, hail, excessive snow and wind
loads, etc should be worked out.

8.

TROPICAL URBAN CLIMATOLOGY
The meeting was informed almit developments in urban
climatology in Mexico by Prof Jauregui and in China by ProfShen
and also about several problems related to urbanization in hot
climates. Mr Boodhoo gave a presentation of the situation in
Africa and pointed out that investigations by climatologist in
Africa have led to the conclusion that legislation may be necessary,
in many countries of the tropics, especially, to modify certain codes
of practice of architects, engineers etc. Such legislation should aim
at mitigating heat stress problems though various measures. Mr
Boodhoo went on to give the following examples:
1)

By increasing the room height from about 3 metres to at least
31/3 metres.
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2)

By choosing building material judiciously. In those areas
which are cyclone prone it is becoming customary to have
strong steel reinforced concrete buildings. Concrete is proving
to be inappropriate as it has a. high heat capacity. During the
day heat is stored in the concrete and than released at night,
drastically increasing the room temperature and making
living diffucult in such houses.

3.

Architects should as far as possible design houses with sloping
roofs and aligered along a North-South axis preferably. This
would decrease exposure to the sun.

4.

With increasing desertification, efforts should be to reforest
the dry lands which in many cases and wrongely soi are
exclusively reserved for construction of buildings or factories.
It is thus felt proper to start a campaign "plant two trees for
everyone felled".

5.

Coal tarred road surfaces are ideal "black" bodies. They are
dangerous for pedistrians because of sticky meeting coal tar
under full sun during summer and contribute to raise the
surrounding air temperature. Thus it is strongly felt that road
surfaces, in tropical climates, be made of a different coloureither green or red.

Mr markandan informed the session on the plans for a Special
Climate Application Project (SCAP, ref 14) in the Kuala Lumpur
area of Malaysia. The group considered the project proposed in the
light of the need for studies and further research on urban climates
in major urban areas in the tropical region.
After an in-depth discussion on the potential for the initiation of a
Tropical Urban Climate Experiment(TUCE) the group concluded
that further considerations need to be given to the objectives and
purpose of such an experiment. The group endorsed the plans for
SCAP and recommended that WMO make arrangements for
continued monitoring of the project as well as- of other ongoing
urban climatology studies. It recommended further that WMO,
within the framework of CCI, take the initiative to develop a
strategy for a TUCE, eg by appointment of a Working Group,
Expert Panel or at least through the appointment of a Rapporteur
with relevant terms of reference. The group stressed the
importance of assuring praticipation of ohter UN organization as
well as of CIB, IFHP, ICSU, etc.
IMPACT OF CLIMATE CHANGE ON UPC
The session reviewed the potential impact of projected climate
change on UBC and stressed the importance that these be
considered in future land use planning and building. The need for
critical evaluation of potential risks to habitat, eg by sea level rise
flooding, alterations in wind, rain and snow loads have to be done
in the light of the implicit uncertainties in the projections of

climate change. The group recommended that CCl-X consider
appointing a Rapporteur with terms of reference related to the
potential impact of climate change in the area of climate
applications.
10.

ENERGY METEOROLOGY
Dr McKay, the chairman of the CCI Working Group on Energy
informed the session of ongoing activities.

11.

PROPOSALS FOR FUTURE UBC-RELATED
WITHIN WMO

ACTIVITIES

The session considered the need for future advisory activities to
CCI and WMO in particular in the area of UBC. It was
recommended that a Wg be reinstated with terms of reference
including the preparation of more user oriented guidance material
in the area of UBC.
The field and importance of UBC is likely to increase all over the
world. However, the problems and priority areas are different in
different climatic regions as well as in developed vs developing
countries. As a consequence, a future WMO-Wg on UBC need to
cover a very broad field, including areas such as,
-

urbanization and environmental deterioration in developing
countries

-

climate and human health, incl outdoor as well as indoor
comfort

-

climatic hazards in urban areas - including natural disasters,
epidemic diseases, air and water pollution

-

developments in building technology and indoor climate
control

-

developmen ts in building and energy managemen t

-

impacts of climate change in the above areas

-

development of climate data bases, data communication and
processing, in particular CLICOM for PC applications

-

developmen t of applications of climate data
education and training of climatologists as well as users

-

production and publication of technical documentation on
UBC
promotion of UBC in National Meteorological Services

The tasks listed above touch upon or even overlap the fields of
activity of other WMO Wgis or rapporteurs as well as of several
other international organizations. This needs to be considered and
reflected in the terms of reference of a future WMO Wg on UBC.
The problems of time and resources available to Wg-members
must also be realized in organizing the work of the Wg. It may be
necessary to engage experts as consultants in order to speed up the
progress of work. The WMO secretariat will have a key role in the
exchange of information and publications with collaborating
organizations and to coordinate Wg activities.
The composition of a future WG on UBC should reflect both global
aspects and the strongly interdisciplinary problem areas to be deal
with and the need for expertise to develop applications of
climatology in building and urban planning.
1%

CLOSURE OF THE SESSION
The session asked the Chariman, Prof Taesler to prepare the final
report from- the meeting and include the recommendations in his
report to CCÏ-X. The nrst session of the CCI Working Group on
Climate and Urban Areas including Building and Other Aspects
was closed at 1&0Ù on 2Septemher 1988:
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URBAN CLIMATOLOGY IN THE TROPICS
(Report by Professor E. Jauregui, Rapporteur
on Tropical Cities within the CCL Working Group
on Climate and Urban Areas including Building
and other Aspects)

1. ACTIVITY IN URBAN CLIMATOLOGY IN THE TROPICS
Activity in the field of urban climatology in tropical
cities during recent years has remained remarkably reduced
(by mid-latitude standards ) as is evident from table 1 which
has been prepared from the bibliography on urban climate by
Prof. T.R. Oke for the per iod 1981-87. From 637 entries on
urban climate only 59 (9%) refer to tropical cities,
Eventhough the proportion of low-latitude/subtropical studies
on urban climate is still very low the percentage is much
higher (cuadruple at least ) than for previous periods
covered by Prof. Oke•s bib liographies, as shown in table 1.

TABLE 1. URBAN STUDIES FOR TROPICAL AREAS DURING PERIOD
1968-87 IN COMPARISON WITH THE NUMBER OF MIDLATITUDE INVESTIGATIONS LISTED BY OKE (1979,
1982, 1988).

PERIOD
1968-73
1974-76

1977-80
1979-87

LOW-LATITUDE

8
5
13
55

MID-LATITUDE

% TROPICAL

368
475
554
637

Although the observed increase may raise some optimism,
the increased number of papers seems to be at least in part
due to a greater productivity by displayed few individuals
in recent years. This increased interest shown by local
climatologists could perhaps be attributed, at least in part
to the incentives and impetus represented by the WMO Mexico
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City
Conference on Urban Climate with Special Regard to
Tropical Areas in 1984, where for the first time ideas and
experiences were exchanged among both tropical and midlatitude professionals involved in urban climatology.
Classification by regions reveals (table 2) that the
TABLE 3. CITIES IN THE TROPICS/SUBIROPICS WHERE URBAN
CLIMATE STUDIES HAVE BEEN UNDERTAKEN PERIOD

1979-87.
CITY
1
2

3
4
5
6
7
8

CITY

IBADAN
MEXICO CITY
SHANGAI
LAGOS
NAIROBI
HONG KONG
SAO PAULO
RIO

2

9

5
7

10
11
12
13
14
15

DELHI
4
BOMBAY
2
PUNE
-t
KUALA
7
HANGZH0U
1
GUANGZHOU
ï
JOHANNESBURG 1
T 0 T A L 36

largest number of studies were produced in SE Asia (26)
mainly due to the work of two urban climatologists (one
ChineseT the other from Malasia). As may be seen in table 2
16 groups (of Z or 3) or individual eliiaatologists focused
their interest mainly on sfc^heat island studies (21) and
air pollution (19) and only 4 were concerned with vertical
thermal structure in the tropical urban atmosphere.
Table 3 shows that only 4 tropical cities .(Shanghai,
Delhi y Mexico City, Kuala Lumpur) got more attention than
one or two studies during the period in question»
It should be noted that two studies of tropical urban
TABLE 2. STUDIES OF URBAN CLIMATE IN TROPICS/SUBTROPICS
•- BY REGIONS FOR PERIOB l<$7*-87~

Meat
Island
eradiation

Vert.
iDcas.

Humid.
precipe
fog»»

Urban
planning.
confort
extreme
forces

Health
pollution

REGION

papers

Groups o r
Iridividual
Authors

Product.
Ivity

AFRICA

S

3

UT

Sir. AS»
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S
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tAT. AMER

*

*
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areas (by new researchers) in China have appeared in this
bibliography showing the growing interest on urban climate
studies by a larger group of local climatologists in that
country. In total 15 medium/large cities in the tropics/
subtropics were studied during the period 1981-87. This
represents a remarkable increase as compared with previous
periods; as shown in table 4« (fig. 1)
TABLE 4. NUMBER OF TROPICAL CITIES WHERE URBAN CLIMATE
STUDIES HAVE BEEN UNDERTAKEN (Period 1973-87).

1973 - 76
1977 - 80
1981 - 87

3
4
15

In conclusion it may be said that even though urban
climate studies in the tropics still represent a very
small proportion of the activity going on in this field
in mid-latitude countries, there has been a remarkable
increase in urban climate research in tropical cities
during recent years. This research being accomplished
mainly by local climatologists. Topics on urban climate
regarding the tropical environmental in general, that is,
not referring to a particular city, are mainly the
contribution of mid-latitude professionals. These studies
represent a substantial proportion (16 %) of the total
number of papers.
Notwithstanding the observed increasing activity in
the field, research in urban climatology in tropical cities
as in the past is still restricted to the surface and mainly
of a descriptive nature. This situation reflects the need
for more funds for implementing sophisticated measurements
of some variables such as temperature/wind structure in
the vertical and energy budget components in the urban
canopy layer. Unfortunately it is probable that this limitation on available local resources will persist still
for an extended number of years on account of the foreign
debt plaging most of the developing tropical world. But
still, some progress might be achieved by devising simple
techniques that do not require sophisticated technology for
their support, as has been mentioned in the conclusions of
the Proceedings of the Mexico City Conference. These techniques are still to be devised and constitute a challenge
to both mid-laitude and tropical urban climatologists.

2. RECENT DEVELOPMENTS IN URBAN CLIMATE-RELATED PROBLEMS
IN THE TROPICS.
a) Air pollutioi'./health-related research.
The hot and seasonally humid climates prevailing in many
tropical cities favour the development of weather-related
diseases mainly parasitic, enteric and respiratory including
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brochial asthma. The aetiology of some of these diseases
may sometimes be related to poor socioeconomic conditions
prevailing in shanty towns of large metropolises where Lack
of sanitation favours the proliferation of bacteria, fungi
algae, etc. which constitute a health risk. Algae found in
the urban air for instance, with sizes 1-40 u,m may be inhaled and retained within the respiratory tract, thus
causing hypersensitivity reactions due to their high protein
content. Several species of algae are known to cause skin
and bronchial mucose membrane sensitivity (MITTAL et al, 1979)
Some of these airborne organic particles have been
collected and identified in Mexico City's atmosphere. Their
concentration and way of dispersion are closely related to
the stability and wind in the canopy layer.
Research of this kind undertaken at the Center for
Atmospheric Sciences National University in Mexico City
reveals that very accurate measurements of meteorological
parameters (wind, dispersion coeficients near the surface)
have to be taken before valid relationships between aerial biota and
turbulence conditions can be established (ROSAS et al,
1987, ROSAS et al, 1986).
The establishment of correlation between pollen concentration
observed in the capital with some aerological factors, e.g. precipitation atmospheric pressure, relative humidity maximum mindmum temperature, Pasquill's stability categories and wind
speed has been attempted but up to the present only poor
correlations have been obtained.

MITTAL, A, K.AGARWAL, and D. SHIVPURI, (1979): Respiratory allergy to
algae Ann. Aller. 42, 253-256.
OKE, T. R. (1979): Review of Urban Climate 1973-76. WMO No. 539
Tech. Note 169, Geneva.
OKE, T. R. (
): Bibliography of Urban Climate 1977-1980.
World Climate Applications Programme. WMO. Geneva.
OKE, T. R. (1988): Bibliography of Urban Climate 1981-87
Geneva.

WMO.

ROSAS, I., G. ROY, P. M0SIN0, A. BAEZ and L. RIVERA. (1987): Abundance
and heterogeniety of Algae in Mexico City's atmosphere. Geofisica
I Internat. 26 (3) 359-73.
ROSAS, I., C. CALDERON, S. GUTIERREZ and P. M0SIN0 (1986): Airborne
fungi isolated from rain water collected in Mexico City.
Contaminaciôn Ambiental, 2, 13-23 Mexico
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Another related research in urban biochemistry refers
to airborne fungi isolated from acid rain water. The Mexico
City group has been sampling rain water at different locations. A significant correlation has been observed between
wind speed at the site and fungal counts. In general, poor
sanitation conditions seem to favour proliferation of airborne fungi,bacterial flora and algae in the urban
atmospheres of some tropical cities in developing countries.
b) Land-use changes
Another frequent phenomenon occurring in large tropical
cities is that of accelerated land-use transformation in the
suburbs . In Mexico City for instance urban growth has virtu
ally wiped out farming within the metropolitan area. A recent
study shows that agricultural acreage in the capital city
has dropped from 2 x 10 6 Ha in 1050 to 60,000 Ha in 1988.
Research indicates that three decades ago farms located in the
town's outskirts and even inside the urban area still supplied a vast amount of vegetables and flowers to the city
consumers as well as dairy products. These changes in land
use are important to the urban climatologist in that they
represent transformations in physical properties of the urban
environment
and are common to most large tropical metropolis.
c) Deterioration of materials
Another problem to identify in the tropical urban
realm is the deterioration of materials due to high temperature and humidity in coastal or island environments.
A group at the University of Mexico Dept. of Materials
is working on the effect of highly corrosive urban
atmosphere upon construction materials such as iron,
aluminum, concrete, etc.
d)

Effects of pollution on urban/suburban green areas

Studies of damage of air pollution on vegetation in
parks in Mexico City are being undertaken by a group of
agronomists at Chapingo (near the capital) School of Agriculture (HERNANDEZ and de BAUER 1985). In this case the
observed patterns of surface, air circulation are of interest
in order to explain the damage to vegetation in certain
areas where pollutants seem to concentrate.
The height of the surface inversion in the Mexico
Basin seems also to be of relevance in determining the
extent of damage observed in forests located on the slopes
of mountains facing the urban area. This should be a
problem that not few large cities are facing at present in
tropical mountainous countries.

HERNANDEZ, T. and L. de BAUER, (1985): Photochemical oxidant damage
on pinus Hartwegii at Desierto Park. Congreso Na. de Fitopatologia,
Guanajuato, Mexico, Droceed.
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Studies of effects of pollutants upon urban vegetation
by botanists in the capital city have led to a list of trees
that are affected to several degrees of damage. Another
list describes trees that resist well the high levels of
pollution, observed in the city. This is useful information
for the Dept. of Parks for the planning of green areas.
e) Hurricane risk and bioclimate assessment
Many large tropical cities (40 % of the list in table 3)
are not infrequently exposed to the destructive forces of
hurricanes. A task for Local climatologists is still to
assess the vulnerability of tropical coastal cities to these
disturbances and their associated high winds and flood.
Based on a 25-year record of trajectories (from satellite
images) a study of risk of a hurricane Landfall is being
undertaken (by the writer) for Mexico where no portion of
coastal area seems to be safe from the risk of these
disturbances. Similar studies may be attempted for
other tropical urban areas. In September 1988 the most
powerful Atlantic stormever recorded
(with sustained
winds of 280 km/h) devastated the island of Jamaica,
the glitzy resorts of Yucatan Peninsula and, after crossing the
Gulf of Mexico, brought destruction to the city of Monterrey
(lat. 26°N, pop. 2 million inh.) mainly from flash floods in
that inland city. Even though storm warnings saved untold
thousands of lives, hurricane Gilbert left more than 200
dead with devastation counted in billions of dollars
(Newsweek, Sept. 2 6 ) .
Perhaps as a consequence (at least in part) of the
observed increasing levels of greenhouse gases, mainly CX^j
droughts and resulting heat waves are being recorded more
frequently during recent years, especially in mid-latitudes.
But some areas in the subtropics have been affected by this
phenomenon as well; only this spring/summer (1988) drought
and heat waves affected the subtropical region of Mexico.
The bioclimatic aspects of above normal temperatures
and their effects on the population seem to be a yet unexplored field of research that local climatologists in tropical cities might try in the coming years.
f)

Modelling in tropical cities

As regards modelling in the tropical city to my
knowledge, little (if any) applications have been attempted
during recent years, except for some simple air pollution
models.
g) The proposed urban climate investigation in an equatorial,
city.
With regard to the setting up of an urban climate
investigation in a tropical urban area, (Kuala Lumpur) this
writer is of the opinion that the Project (SCAP) represents
an excellent opportunity for international collaboration in
urban climatology. The latitude, urban size and topographical setting make the city of Kuala Lumpur an appropiate
case for such an experiment, whose results could perhaps be
applied to other near-equator urban areas.
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MONITORING THE MESO-CLIMATE SYSTEM IN A LARGE TROPICAL
URBAN ENVIRONMENT
by Ernesto JAUREGUI*

1.

INTRODUCTION

The need for information on tropical urban climates has been
stressed by mid-latitude climatologists (CHANDLER, 1970; OKE, 1982; LEE,
1984). The accelerated rate of urbanization that is taking place in
developing countries, most of them in the tropics, has frequently led among
others, to severe problems associated with environmental deterioration and
unhealthy living conditions.
Mexico City is often mentioned (OKE, 1984) as one of 11 city
regions in the developing tropical world that are anticipated to have more
than 20 million inhabitants by the end of this century.
The capital city is confronted with massive social and economic
problems (such as sanitation, water supply, transportation, unemployment,
etc.). Therefore, the rôle of urban climatology in improving environmental
conditions has been generally almost negligible. However, during the last
decade, recognition of climatological information as a significant basis
for planning decisions became evident in some projects such as the reclamation/pasturization of saline flat lands upwind from the city in order to
reduce the frequency of dust storms.
Another recent example is the setting up of a network of monitoring
stations by the Ministry of Urban Development and Ecology in order to assess
and control the air quality in the capital city.
In this paper a description is made of several networks of stations
for sampling climate/air quality within the urban area of Mexico City. Data
from these networks have been used to draw topoclimatological/air
quality maps as a useful way to assess distributions of various significant
environmental determinants which may be of use in the planning and design
of new urban developments in the capital city.
2.

THE CLIMATOLOGICAL NETWORK

Mexico City (lat. 19 N, elev. 2250 m) is located in an elevated
valley in central Mexico. The ancient city was settled in the flat lands
near lake Texcoco in the center of the valley. After the 1940's the capital
city has grown at an accelerated rate engulfing the small towns that were in
its vicinity.
Since the 1970's new developments have started to occupy the foothills and even the steep slopes of the mountains to the South, West and
North up to a height of 100-200 m above the valley floor. At present, the
urban area of Mexico City can be encompassed in a 40 x 25 km rectangle
covering an area of about 1000 km (fig. 1).
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Except for the Tacubaya Central Observatory (located on the West
edge of the city, fig. 1) that started observations in 1917, most of the
urban climatological stations date from the early 1960's. The latter
stations are temperature (tmax, tmin)/precipitation stations making one
daily observation at 8 a.m. Some of these stations have a thermohygrograph
(fig. 1) which is useful for the assessment of temperature/humidity contrasts
between urban and rural environments on an hourly basis.
In addition to the Tacubaya Observatory, where hourly and synoptic
observations are made of most climatological variables (except for solar
radiation) there are two other observatories: one at the airport to the
East and another at the University to the South (fig. 1 ) .
It may be appreciated from fig. 1 that the distribution of stations
is far from ideal since the position of stations has been conditioned by
a variety of factors such as availability of site (school, private home,
governmental office, etc.). The paucity of stations is evident in some
areas. Notwithstanding this limitation and the reduced number of variables
observed in this network, the data generated have been useful in studies of

3.

a)

Urban drainage design

b)

Urban topoclimatology

c)

Air pollution climatology

d)

The impact of urban climate conditions on morbidity.

THE AIR QUALITY MONITORING NETWORK

The Ministry of Ecology and Urban Development (SEDUE) has set up
in operation two networks of sampling stations:
The manual network
The automatic network
a)
The manual network (fig. 2) dating from about 1967 (with many interruptions) where 24 hr air samples are taken for total suspended particles
(TSP, high volume) and SO-. This manual network comprising 14 stations is
more or less evenly distributed in the main urban area covering about
600 km^ of flat land. However, control rural stations that could be useful
for comparison are still lacking, especially upwind to the NE and in the new
urban developments on the hills to the SW in order to monitor air above
the morning surface inversion.
Even though the data series from this network have many interruptions, comparisons can be attempted in order to look for trends of air
quality during the last decade, as may be seen in fig. 3. The Northern
industrial sector has experienced a more marked deterioration of its air
(as expressed by the amount of suspended dust particles). Admittedly,
isoline maps drawn with such a coarse station network (only 5 stations) can
only give a macroview of the geographical distribution of long-term changes
in dust concentration in such a large urban area, and consequently, local
variations in pollution levels occur without being recorded by the air
monitoring stations. More recently, however, (since 1978) this manual
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26-.

monitoring network has been extended to 14 stations (fig. 2 ) , allowing
a more detailed spatial analysis, like the one shown in figs. 4 and 5.
It may be seen from these maps that locations of peak values
are related to the position of main sources.
b)

The automatic network

In addition to the manual network, SEDUE has recently (since
1986) set up an automatic network of sampling stations. Hourly observations are taken for SOp, TSP, CO, NO-, H ? S and 0,. Besides, some
sampling stations (10) are also meteorological stations (fig. 6) recording wind, temperature and relative humidity. This network, however, has
not been operative but for short periods of time and the longest periods
of continuous records are of the order of one or two weeks.
In spite of these limitations a large amount of hourly data is
available for analysis. Therefore, the investigation of some relationships between meteorological factors such as heat-island intensity and
the resulting centripetal surface circulation has been attempted (fig. 7 ) .
4.

CONCLUSIONS

Mexico City is one of the largest urban areas in the tropical
world extending over an area of about 1000 km2. In this paper a brief
description is made of the climatological and air quality network of
stations in the capital city and its immediate metropolitan area. The
growth of the monitoring network has not kept pace with the accelerated
growth of the new urban developments.
In spite of the paucity of the climatological stations in some
areas of the city, climatological studies have been attempted with the
available data as part of environmental assessments in a region where
rapid changes in the surface of the valley, brought about by the accelerated population growth, modify the physical characteristics of the local
atmosphere.
The air quality networks (manual and automatic) have been better
planned and are better spaced than the climatological network. But the
air quality data series are limited in time since they have been recently
generated.
Much remains to be done in improving the quality of observations
at the urban climatological stations. In addition, it would be useful
to fill the gaps in the spacing of stations.
To fill the needs of urban climatological studies, the existing
stations (temperature/precipitation) should be provided with more elaborate
instruments to measure other variables such as insolation, humidity and
wind, as well as air turbidity.
Up to the present, data from the existing network of urban stations
in tropical cities have been used in studies such as the ones mentioned in
this paper. They are usually restricted to the description of effects of
urbanization on surface climate with scant reference to processes.
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In the present situation little attention can be given to
vertical structure in urban areas since instrumentation is expensive and
not usually available in developing tropical countries.
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A Note on
URBAN CLIMATE RESEARCH IN CHINA
by Prof. Shen Jianzhu

Research on urban climatology started later in China than in
many other nations of the world. However, there has been significant
progress since 1980. Two national conferences on urban and building
climatology were held in Xiameng in 1982 and in Gui Lin in 1985 and
today many researchers are engaged in such activity. Special urban
climate stations have been established in some large cities.
The situation before 1982
Research on urban climatology in China up to 1982 is referred
to in the proceedings of the Urban Climate Conference held in 1982.
The main aspects of this work are:
Urban heat island effects were established, based on data
from meteorological stations and some short-term microclimatological measurements. In a few cases, satellite
information was also used.
Urban wind characteristics and differences between city
and suburban winds have been studied using observational
data, including observations from "above roofs" in the
cities. The results show that city winds are 20-42% lower
than those in the suburbs in winter, spring and autumn,
with smaller differences in the summer. The difference in
wind speed between city and suburbs decreases with height
and is only 7-19% at 50 m. Furthermore, the difference is
greater in stable conditions.
Very little research has been done into the effect of urban
environment on precipitation. However, analysis of historical meteorological and hydrological data shows that there
is an urban effect leading to an increase in annual mean
precipitation of about 3-9 % in Beijing. The effect in
"wet years" is more obvious than in "dry years" and there
is a trend towards increasing effect as human activities
increase.
Only a few studies on urban fog have been reported in China.
Due to an abundance of air pollution-related condensation
nuclei, fog may appear in the cities already at a relative
humidity of 80 %. Two "fog seasons" have been identified
in Chongqing City: one associated with the decrease of
direct solar radiation, and another with a "secondary wind
month".
The effect of sunshine and radiation has been studied in
relation to the direction and width of the streets, In Xian
streets, the following was found: if the ratio of building
height (h) and street width (I) is smaller than 1:5.7, then
there could be some sunshine on the southern wall every day
in winter. However, if h:l is greater than 1:4.8 there would
be no insolation, except during summer when insolation on
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a south wall would not be related to h:l. Insolation exists
over a longer time in streets oriented east-west than in
those oriented north-south. However, the former have little
or no insolation in the winter season, while the latter would
have insolation every month of the year.
It has been concluded from several studies that there is
a clear relation between diurnal and seasonal variations of
air pollution, especially SO^-concentrat ions and meteorological conditions.
The situation between 1982 and 1986
After the Xiameng conference in 1982, progress has been made in
urban climatology with increasing use of boundary-layer theories.
Three years' data of urban climate observation have been accumulated and analysed in Beijing. The results show that the temperature in
the city increases more slowly than in the suburbs during March-April,
while it decreases faster during September-October, with a shift towards a
slower decrease in November. City temperatures (in winter) decrease
radically towards the edge of the urban area.
In Wuhan, studies of the urban heat island during the passage
of a cold air mass, revealed that city temperatures dropped faster than
suburb temperatures on the first day, while the heat island developed
again on the second day. Studies of how to improve the urban thermal
environment by means of introducing "green areas", have also been initiated.
Discomfort indices have also been estimated for Chinese cities, e.g. the
number of "discomfort days" are 1-2 days/year in Hami, 10 in Shengyan ,
35 in Beijing and Tianjin, 80 in Shanghai, 108 in Chongqing and 120 in
Guangzhou and Nanning.
Urban air pollution meteorology has also been focused on.
In Shengyang city, 7 low-altitude wind soundings, 8 sodars and other
special observations have been used in studies of how SO-, penetrates an
inversion. Acid rain concentration in the city has been shown to be
larger than in the suburbs in Fuzhou and acid rain frequencies in the city
are three times greater than those in the suburbs.
Both direct and global solar radiation has been shown to be less
in the city of Beijing than in its suburbs. The difference is greater
in winter than in summer.
The relative humidity in Beijing City has been shown to be larger
than in the suburbs during November-March but smaller during April-October.
This is true for both daytime and nights.
Urban boundary-layer studies have been scarce for financial reasons
and lack of appropriate equipment. However, some results have been obtained.
Thus, it has been shown that the inversion layer over Shengyang City is a
paraboloid.
The temperature over Nanjing City is higher than that over
the suburbs below 300 m in summer nights and below 100 m in winter. In
Beijing, the heat island appears between 17h and 10h and reaches 1000 m
hight at midnight and 1500 m at 07h.
Present work and future plans
With the support of the Chinese Natural Science Foundation,
a research programme has been initiated aiming at characterizing the urban
climate in cities in different climatic regions and at different latitudes,
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including Beijing, Shanghai, Nanning, Guangzhou, Wuhan, Chongqing and
Haerbing. Urban climate observing stations have been established in these
cities of various size and by comparing the observational data, it is
hoped to reveal the effect of degree of urbanization on various climatic
elements.
Emphasis will be on studies of urban radiation and heat balance
as these are areas were research is lacking. As encouraged by WMO,
emphasis will be on studies in low latitude cities, e.g. Guangzhou and
Nanning. Support is also sought from outside, including from WMO, to
improve on equipment to be used in the research.
Urbanization in China is rapid as the economy is developing
fast since China pursues an open policy. Buildings are growing in the
cities of China "like bamboo shots in spring". There is an urgent need
for use of scientific principles in urban planning and building and
there is a need for support with experience and methods, e.g. through
WMO.
China is a large country covering many climatic zones, i.e.
tropical, subtropical, temperate, dry, humid, hot and cold zones. Thus,
China would be a suitable nation for pilot projects on urban climate
research and it is recommended that foreign experts be invited to
participate in such research, possibly under the coordination and
through funding by WMO. It would, furthermore, be useful to organize
a conference on urban climatology at a suitable time in China.
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