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1. Introduction

4. Critical Disregarded Aspects

Evaporative Cooling (EC) is regarded as a powerful and effective method for building cooling, mitigation of
Urban Heat Islands (UHI) and for urban adaptation to climate change [1, 2]. However, this is still generally
omitted in the theory and practice of building and urban cooling for the hot humid tropics, despite the fact
that EC is effective even in hot humid climates [1] and the significant water surplus of these regions.
EC techniques are stigmatized as unsuitable for these regions due to an incomplete understanding of hot
humid climates and their variations, which has historically permeated approaches to building cooling.
This study propose the need for a reconceptualization of climate classifications and climate analysis tools for
architecture, allowing a detailed differentiation of hot humid climates to overcome this problem, and to
reconsider promising passive and low energy solutions for buildings and cities in the hot humid tropics.

4.1. Indirect influences on Human Thermal Comfort

Annual or monthly averages do not provide information about weather transitions nor about extreme climate
conditions. These last two are relevant aspects for thermal comfort as well as for EC.
The real potential of EC under extreme heat conditions cannot be seen without detailed description of the
climate. For this reason, small time scales (e.g. hourly averages) are necessary to describe and analyze hot
humid climates in relation to EC.

4.3. Expression of Humidity Conditions
Relative Humidity (RH) is the most conventional expression of humidity, but it has many drawbacks which
preclude a proper uderstanding of hot humid climates. RH can be sometimes misleading [9], because it
measures moisture saturation and not moisture content. As an alternative, this study proposes Dew Point
Temperature (DPT) as the primary expression of humidity conditions for architecture, because is a stable
expression of humidity levels, it refers to saturation levels and provides an idea of the potential for EC.
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Fig. 1.‐ a) Map showing an indiscriminate hot humid region (from [5]) , b) Typical building concept for
hot humid climates (from [6]), c) Example of the architectural stereotype for hot humid climates (from [7])
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Traditionally hot humid climates are described in ways that are vague, according to monthly averages of
temperature and humidity or annual averages of precipitation (e.g. relative humidity from 55% to 100%,
precipitation above 1000mm). These represent a wide range of conditions with significant differences for the
performance and sustainability of EC (Fig. 2). Thus, a fine‐grained differentiation is necessary to understand
the diverse spectrum of hot humid climates.
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In architecture there is no appropriate differentiation of the variants of hot humid cimates, particularly in
relation to moisture saturation and water availability. This issue is present in all climate classifications
prevalent in architecture (e.g. Atkinson [3], Köppen, etc.).
Due to the generalizations and simplifications made in all classifications, all locations labelled as warm‐humid,
hot‐humid, warm‐wet, etc., are put indiscriminately in one “box”, even if there are significant differences
between them. This has caused the emergence of a hot‐humid ‘architectural stereotype’ (Fig. 1) which has
become a routine architectural response according to the hot humid label [4].

4.2. Time Scale for analysis

Relative Humidity (%)

2. Issues of Climate Classifications in Architecture

Climate factors are usually seen as if they only directly affect the occupants, without influence or modification
from the building. However, precipitation is a factor that influences human thermal comfort indirectly
through the building envelope, especially by means of EC. Building envelopes wetted by precipitation may
have significant reductions of their outdoor surface temperatures, which consequently contribute to lower
indoor air temperatures and especially to lower Mean Radiant Temperature (MRT). Thus, precipitation
patterns are very relevant for the analysis of climates in the hot humid tropics.
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Fig. 4‐ DPT as expression of humidity levels and examples of its direct relation to other variables

5. Key Elements for Categorization
5.1. Seasonality, Variability and Intensity
These concepts are important to properly identify the context of any climate analyzed. They allow us to:
•
Differentiate between locations usually labelled as hot humid but with very different patterns
•
Recognize the preferences of a population for hot or cold conditions, to guide building design
•
Assess the feasibility of implementing specific EC strategies, specially in seasonal hot humid climates
More than a labeling system, these criteria are relevant to contrast climates of different locations (Fig. 5).

5.2. Saturation
Saturation is an important reference of the potential for evaporation in the location (measured by RH).
However, in architecture there are common misinterpretations around this concept:
•
RH is incorrectly associated with humidity levels instead of saturation levels (See Fig. 4).
•
The same level of saturation (same RH) in outdoor (open) and indoor (closed) environments does not
imply the same potential for evaporation, due to the difference in influences and effects. However, this
is not usually discerned when the suitability of EC strategies is analysed.
A categorization based on saturation is more practical for EC applications in hot humid climates (Fig. 2 & 5)
Fig. 2.‐ Comparison of climatic patterns of locations with permanent or seasonal hot humid climates.
Climate classifications are relevant not as a source of generalizations and principles but as a tool for
contrasting; to highlight differences and observe important aspects which may help inform design. However,
there is a lack of suitable means for the integral analysis of hot humid climates for architecture.

3. Issues of Climate Analysis Tools in Architecture
Conventional climate analysis tools, e.g. the bioclimatic chart (BBCC) [8], show the whole region of hot humid
conditions as intractable for passive and low energy strategies in architecture (Fig. 3). Then, the only
alternative left to improve comfort is through conventional air conditioning and dehumidification.
However, these tools have limitations which impede developing and implementing alternative solutions:
•
There is a bias towards indoor air temperature and humidity. Other variables are less regarded.
•
Partial contributions to comfort conditions are discarded even if they are significant for heat gain
reductions and energy savings.
•
There is no clarity in how a combination of cooling techniques would perform.
The BBCC and other climate analysis tools do not integrate all the required information to carry out an
analysis of hot humid climates for applications of EC. Therefore, is necessary to adapt these or to create new
tools considering some critical aspects that remove the “mental crutch” of climate classifications [4].

Fig. 5.‐ Integral analysis and contrasting of hot humid climates applying the proposed analysis criteria.

5.3 Water Availability (Precipitation)
The essential resource to sustain EC strategies is water, therefore, the analysis of water availability is
indispensable for all EC applications. An effective categorization of hot humid climates must be based in a
monthly distribution of precipitation and not in annual totals. This allows to identify rainy seasons in phase
with hot seasons and the availability of water surplus, which are conditions for EC to be a feasible alternative
for the location (Fig. 6). It makes also possible to contrast water availability with saturation conditions .

Fig. 6.‐ Conventional climate analysis tools integrating precipitation with temperature and humidity.

Fig. 3.‐ Strategies for hot humid conditions, suggested by a) Climate Consultant 6.0, b) BBCC [8]

6. Conclusions
This study discerns critical aspects and variables usually absent in the
systematic ordering and analysis of hot humid climates for architecture,
which are relevant to properly understand the actual performance of EC in
these contexts. The authors propose a new categorization and analysis
framework for a finer grained differentiation of hot humid climates, which is
summarized in Fig. 7 and illustrated in Fig. 5.
With this, novice or experienced researchers, designers and planners can
better understand and describe the diversity of hot humid climates, and be
aware of alternative building cooling techniques for these environments,
beyond the typical natural ventilation, air‐conditioning or dehumidification
responses. This also may open their minds to a new gamut of creative
solutions in which buildings and cities take advantage of the natural cycles of
abundant water in the hot humid tropics.

Heat (Dry Bulb
Temperature)
Thermal
Comfort
Humidity
(Dew Point
Temperature)

Saturation
(Relative
Humidity)
Evaporative
Cooling
Water
Availability
(Precipitation)

Warm
Hot
Very Hot
Extremely Hot
Torrid

23 ‐ 28°C
28 ‐ 32°C
32 ‐ 36°C
36 ‐ 40°C
> 40°C

Humid
Very Humid
Highly Humid
Perhumid
Hyperhumid

16.8 ‐ 21.3°C
21.3 ‐ 24.9°C
24.9 ‐ 27.9°C
27.9 ‐ 30.5°C
> 30.5 °C

Low Saturated
Slightly Saturated
Mid‐Saturated (Lower)
Mid‐Saturated (Upper)
Near Saturated (Lower)
Near Saturated (Upper)
Saturated
Dry
Semi‐dry
Semi‐wet
Wet
Hyper‐wet

30%‐40%
40%‐50%
50%‐60%
60%‐70%
70%‐80%
80%‐90%
90%‐100%

Fleeting

0 ‐ 3 months

Short Season 3 ‐ 6 months
Seasonality
Long Season 6 ‐ 9 months

Variability

Permanent

10 ‐ 12
months

Low

< 10%

Mid

10% ‐ 30%

High

>30%

0 ‐ 50 mm
50 ‐ 100 mm
100 ‐ 150 mm
150 ‐ 200 mm
>200 mm

Fig. 7. Categorization criteria proposed for hot humid climates criteria.
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