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A study of climate change and energy consumption in Madagascar island

Modeste Kameni Nematchoua!-?"

Abstract:

Climate change effect can be either positive or negative on the human. Its impact on the

energy consumption of a country for space heating and cooling purposes depends on the current and future
regional climate, the required thermal comfort inside buildings, and the technical building features such as
thermal insulation quality and occupants’ habits. The aim of this research is to study the variation of the air
temperature in several regions of Madagascar and then to simulate the impact of climate change on the need
for energy consumption in household cooling and heating systems using degree-day index. The results showed
that the temperature changes more rapidly in the rainy season than in the dry season. The energy demand for
cooling is constantly growing in all the regions of Madagascar. Besides, an average around of 526 degree-day is
expected in several regions of island by 2050. In the same year, air temperature is estimated to reach up to 2°C.

Keywords:

1 Introduction

Energy is the foremost requirement of all nations for
development. A good energy policy can therefore fa-
cilitate the rapid development of a country!!!. Today,
the transition between renewable and fossil energy is ex-
tremely slow, despite several state summits summoned
for this purpose!!l. Several companies and automobiles
depend completely on oil and its derivatives for their op-
erations!?). Renewable sources of energy can be consid-
ered as the main energy source for the future, with all
countries of the world investing in this areal’!. Several
research works have proved that more than 2.3 billion
people rely on wood or charcoal for cooking and heat-
ing purposest!!. Given the importance of agriculture for
developing countries, particularly with regard to food se-
curity, reducing the exposure of farmers to risks related
to price volatility and increased climate variability is a
major challenge, mostly in terms of development aid and
international cooperation!*-!,

Some countries in Africa as Madagascar island do not
have any sophisticated policy for energy production and
consumption!”8!.  Today, the consequences of climate
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change are one of the main problems of the world"!. Al-
though the earth’s climate keeps changing as a result of
human activities, it is changing much faster now than it
had done in the past thousand years. The impacts of cli-
mate change are now more visible!!).

In most countries in Africa, the temperature has risen,
following the global trend, and the pattern of rainfall has
changed appreciably. Delfani ef al. reported that the
surface temperature of Earth has risen by approximately
1.4-5.8°Cl,

According to Mike Shanahan et al., international ne-
gotiations on climate change are unjust, as some coun-
tries use considerably more power than others, which is
a subject of moral argument!'?!. Globally, changes in the
temperature and precipitation are not uniform. For ex-
ample, the tropical and subtropical regions now experi-
ence humidification and reduced rainfall. Major studies
conducted across the world are hugely concerned with
global warming!'*~'°!. Concerning climate change and
energy consumption, Invidiata and Ghisi, with A2 sce-
nario, studied the impact of climate change on thermal
comfort conditions and on heating and cooling energy
demand in dwellings in three cities in Brazil®®!. They
found that there will be an increase in the annual en-
ergy demand ranging from 19%-65% among the three
cities in 2020. A comparison was made between a sim-
ple model based on articial neural network (ANN) and a
model that is based on physical principles (EnergyPlus),
to estimate energy consumption by Hernandez and San-
zovol?!l. Tt was found that both models are suitable for
energy consumption forecast. Wang and Chenn!??! stud-
ied geographical dependency of the impact of climate
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change on future energy uses in United States. The re-
sults showed that it will have a big increase in source en-
ergy consumption by 2080. Radhi!>*! showed that global
warming is likely to increase the energy used for cool-
ing buildings by 23.5% if the city of Al—Ain warms
by 5.9°C. Dynamic computer simulation modeling was
used to investigate energy requirements for space heat-
ing and cooling of residential buildings in Sweden by
Dodoo et al.!>*! The results showed that in the residen-
tial buildings, further space heating demand is reduced
and cooling demand is increased. Asimakopoulos et al.
found that energy demand for cooling could increase by
as much as 248% until 2100!*!. Berger et al. carried
out a dynamic thermal simulation of nine sample office
buildings in Vienna and Austria from future climate sce-
narios. The results showed that cooling requirements
generally rise signicantly®®!. Wan et al. showed that
in China, increase in cooling energy use was 18.5% in
Harbin, 20.4% in Beijing, 11.4% in Shanghai, 24.2%
in Kunming and 14.1% in Hong Kong?’!. The impact
of climate change on the heating and cooling energy re-
quirements of residential houses in ve regional climates
in Australia, varying from cold to hot and humid, was
estimated by Wang et al.*®!. They conclude that energy
demand should be from 48% to 350% by 2100.

In such as situation, vulnerable countries like Mada-
gascar and Cameroon have a limited role compared to in-
dustrialized countries to contain climate change. Mada-
gascar’s climate is highly varied, largely due to its ge-
ographical position in the Indian Ocean, its wide range
of altitudes, and the difference in the microclimates!’).
In Madagascar island , more than 75% of the population
lives in rural areas. Agriculture contributes about 28.3%
to the GDP of the country and employs about 70% of the
active labor force!®”. Madagascar has expansive poten-
tial for agricultural and animal and fish husbandry, which
is beneficial against the threat of climate change. Gradu-
ally, CDDs increase in all the regions in Madagascar and
HDDs continue to decrease. The energy source is either
natural resources such as biomass, forest, crop residues,
water, sun, and wind or petroleum products.

The choice of Madagascar as the place for this study
was not made randomly. Madagascar, according to
WMO, is considered as the third-ranking country in the
world that is most vulnerable to climate change. Many
global risks of climate change are concentrated in urban
areas*’l. Madagascar has severe problems with soil ero-
sion and deforestation, which reduce soil fertility and
productivity, increasing the vulnerability of agriculture
and fishing-based livelihoods. Madagascar, despite the
efforts made up to now, remains one of those countries
in the world that is most vulnerable to climate change.

In this research, we studied the variation of outdoor
climates in several cities of Madagascar. In addition, we
assessed the demand for heating and cooling energy in
buildings in the past, present and future.

2 Materials and Methods

Some of the results discussed in this paper have been
drawn from two previous studies!"*?!. In fact, this work
is a continuation of the study of climate change in Mada-
gascar. The most recent data has been used for data in-
terpretation.

2.1 Study area

Located between 20°00S and 47°00E, Madagascar
lies almost entirely within the tropical region. It is an
island in the Indian Ocean, covering an area of 592.000
km?. Tt is the fourth largest island in the world, and it
is separated from Africa by the Mozambique Channel by
about 400 km. A mountainous spine of 1200-1500 m
runs through the island from the north to the south along
its length. This geographic situation, the landform, the
maritime influence, and wind conditions aid in causing
extremely varied climatic conditions encountered on the
island. There are basically two seasons in Madagascar:
dry, from May to October, and rainy, from November to
April. Two short seasons of approximately 1-month du-
ration separate these two seasons. From May to October,
the climate is conditioned by an anticyclone to the Indian
Ocean level that directs a wind regime of trade winds in
southeastern Madagascar. During this season, the east-
ern part of the island experiences a humid climate “in the
wind”, while the western part undergoes a drought-like
climate termed “down wind”. In this section, we discuss
dry season or cool season (or winter) depending on the
altitude of the region. During the summer or the warm
seasons, the anticyclone of the Indian Ocean weakens
and the trade wind regime becomes less regular, although
the eastern part of Madagascar always remains under this
influence. During this season, unstable storm-like condi-
tions develop almost daily in all the regions. The inter-
tropical Convergence Zone (ITCZ) extends its influence
intermittently on Madagascar. The southwest coast ex-
periences rainfall of 350 mm to nearly 4000 mm. Some
climatic characteristics of different regions are listed in
Table 1 and Table 2.

2.2 Climatic data

In accordance with another study, daily outdoor data
of the past 44 years (1961-2005) for temperature (min-
imum and maximum), precipitation, and sunshine was
obtained from 16 meteorological stations!®!. The vari-
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Table 1. The geographical coordinates of the zones studied in
MAGICC

Region City Latitude Longitude  Altitude (m)
1 Antsiranana 12°28S 49°28E 50
2 Mahajunga 15°43S 46°19E 22
3 Morondava 20°17S 44°19E 8
4 Toliara 23°218 43°40E 11
5 Taolagnaro 27°10S 47°01E 129
6 Mahanoro 19°54S 48°48 3
7 Toamasina 18°09S 49°24E 6
8 Sainte-Marie 14°47N 60°590 767
9 Sambava 14°10S 50°06E 10
10 Maevatana 13°528 48°70E 70

11 Antananarivo 18°54S 47°31E 1276
12 Antsirabe 19°518 47°02E 1500
13 Fianarantsoa 21°278 47°05E 1115
14 Vohemar 13°228 50°00E 10
15 Ambohitsilaoza 17°418 48°27E -
16 Farafangana 12°34S 49°17E 1200
Table 2. Some characteristics of study regions
Region Area (kmz) Population (2014) Climate
1 43406 260000 Transition tropical
2 150023 2463185 Transition tropical
3 46121 70000 Humid tropical
4 16140 161405 Hot and semi-arid
5 878 46000 Humid tropical
6 3968 238467 Humid tropical
7 71911 3807075 Humid tropical
8 200 74948 Altitude tropical
9 4780 339250 Humid tropical
10 - 236500 Humid tropical
11 58283 5932607 Altitude tropical
12 16599 250245 Altitude tropical
13 103272 4586775 Altitude tropical
14 8269 255080 Transition tropical
15 15 118194 Semi-arid tropical
16 5360 587041 Altitude tropical

ous data were measured from 3 to 10 min height from
the ground, with a frequency of 10-15 min. Figure 1
illustrates the distribution of different stations used for
studying the climate trends.

Tadross et al. reported that!”), in Madagascar, the an-
nual average temperature was 14-27.5°C. On the coast,
the temperature changed with the latitude and ranged
from 27°C in the north and 23°C in the south. The west
coast is warmer than the eastern coast by 1-3°C. On the
plateaus, the average annual temperature is 14-22°C. The
average temperature reaches its minimum in July across
the country, while the maximum is encountered in Jan-
uary and February at most regions, except in a few places
of the highlands and the northwest region where the max-
imum temperature was noted in November. The average

Figure 1. Weather stations of the studied cities

air temperatures and the average precipitation for these
regions are given in Figure 2 and Figure 3. According
to these figures, in Madagascar, warming began in the
southern part in 1950 and then spread to the North by
1970. In 2000, the warming level of the southern part of
Madagascar was more noticeable than that of the north.
The dry sequences lie in the central highlands and the
eastern coast. In the highlands, this is due to the de-
cline in the rainy season. The changes in precipitation
in Madagascar vary from one region to that in another.
Rainfall has become more intense in the western region.
Over the past 100 years, the level of rainfall in Mada-
gascar has seen large variability. In the southern part,
rainfall increases with temperature. In the northern part,
precipitation increases with decreasing temperature. The
annual precipitation quantity decreases from the east to
the west, with a maximum of 3700 mm/year and from
the north to the south, with a minimum of 350 mm/year,
while the seasonal increases in the same directions. From
the west to the south, the dry season becomes longer and
more and more pronounced!”-8.
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Figure 2. The average outdoor air temperature between 1901 and 2000 a) in the South of Madagascar (43-51°E, 27-20°S) and b) in the
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Figure 3. The average monthly precipitation between 1901 and 2000 in a) the South (4351°E, 2720°S) and b) North (4351°E, 2011°S)

of Madagascar!”!

2.3 Climate change models

Several types of models and different scenarios can be
used to simulate the variation on the air temperature and
precipitation rate. Table 3 illustrates some examples of
the GCM models. Like in a previous study, in this re-
search, 13 GCM models (BCM2,CGMR,CNCM) were
firstly used, and three scenarios A2, A1B and B1 were
considered.

The hourly outdoor data relating to air temperature,
wind speed, relative humidity, radiation, and atmo-
spheric pressure recorded over the last 30 years were
used as inputs by software to enable the forecasting.

It is important to know that the RCM models were
associated to Representative Concentration Pathway
(RCP) scenarios (RCP 2.6, RCP 4.5, RCP 6.0 and RCP
8.5). According to the latest IPCC report, the lowest
RCP was RCP 2.6 (also referred as RCP3-PD), which
peaks at 3 Wm-2 and then declines to approximately

2.6 Wm-2 by 2100. The medium-low RCP4.5 and the
medium-high RCP 6.0 aim for stabilization at 4.5 and
6.0 Wm-2 respectively around 2100, while the highest
one, RCP 8.5, implies a radiative forcing of 8.5 Wm-2
by 2100.

Nematchoua et al., in one of recent research, showed
the evolution of the radiative balance of the earth over the
period 1850-2250. Globally, RCP8.5 is the highest, A2
and A1B scenarios are more significant than the new sce-
narios(RCP 4.5 and RCP 6.0), while the RCP 2.6 is the
lowest®?!. This previous research describes the strong
action of the new scenarios(RCPs), but also highlights
the importance of scenarios A2, A1B, B1). In the Lit-
erature, several researches showed the discrepancies be-
tween the results of RCMs and GCMs**-3>!. Meanwhile,
the simulated increase of seasonal temperature seems to
be relatively similar when comparing GCMs and RCM,
although large differences (more than 1°C) exist locally.

Other differences are also found for extreme-event re-
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Table 3. General circulation models of the atmosphere used in
SCENGEN"*!

Founder country of the model

Specialized name of SCENGEN

Norway BCCRBCM2
USA CCSM-30
Canada CCCMA-31
France CNRM-CM3
Australia CSIRO-30
Germany MPIECH-5
China ECHO-G
USA FGOALS1G
USA GFDLCM21
USA GISS-EH
USA GISS-ER
Russia INMCM-30
Japan MIROC-HI
Japan MRI-232A
Japan MIROCMED
USA NCARPCM1
UK UKHADCM3
UK HADGEM

lated quantities. Indeed, the most significant input of
these models is the rate of emission of greenhouse gases
in the future eras. However, a precise final determination
is not possible.

Finally, for limiting this study, alone the A2 scenario
was adopted for forecasting.

The A2 family of scenarios is characterised by a world
of independently operating, self-reliant nations, continu-
ously increasing population!'®!,

Accordingly, different emission scenarios involving a
variety of gases have been considered for the future. On
the other hand, to define the effect of global warming
by means of the rise in global temperature, it was nec-
essary to employ the LARS-WG model. LARS-WG is
one of the most well-known meteorological stochastic
data-generating models used for quantifying the gener-
ation of rainfall, solar radiation, and daily maximum and
minimum temperatures in both the present and future cli-
mates of a meteorological station!*%37],

The first version of this model was invented as a tool
for statistical exponential micro scaling in Budapest in
19908¢1, In a LARS-WG model, complex statistical dis-
tributions are used for model making of meteorological
variables, and Fourier’s series estimates the temperature.
Daily maximum and minimum temperatures are simu-
lated as stochastic processes with daily standard devia-
tions and mean, depending on the dry or wet conditions
of the relevant day!®®!. In this assessment, Madagascar’s
temperature data in the time intervals of 1901-2000 were
selected as the basic data, and the temperature changes

for the years 1961-2005 were studied based on the pro-
posed scenario such that the proper model accords with
the experimental data of temperature in the proposed
years. After testing the best model with Pearson cor-
relation coefficient, the changes in the temperature of 16
regions of Madagascar were predicted in the worldwide
heating bed for a 100-year period (2000-2100). Based
upon these changes, the degree-day (DD) index values
were calculated and compared with those in the past and
present.

2.4 Model validation

Chi-square test was applied for comparing the simu-
lation and the observed data, by taking as reference the
year 2000. The test was carried out with the SPSS soft-
ware. It allows to compare two groups (or two measures)
and to easily take the best possible decision. Nowadays,
this kind of test knew lot of success****!. All the analy-
sis were carried out with a 95% confidence level (CL),
considering a level of significance equal to 5%. The
range of significance can be freely selected; indeed, it is
a quantitative estimate (called the p-value) of probabil-
ity, and the observed differences are random. As high-
lighted, the test is significant for p < 0.05 (5%). In this
research, for all cases applied to each city, p-value was
higher than 0.05. It shows the convergence between sim-
ulation and observed data. Basing on these results, the
model was adopted for forecasting outdoor climate of
these cities.

2.5 Calculation of HDDs and CDDs

DD methods are simple, yet efficient and fairly reli-
able for quantifying the heating and cooling energy de-
mands in a building. Estimations are accurate when the
internal temperature, thermal gains, and building proper-
ties are relatively constant. The severity of a climate can
be characterized concisely in terms of DDs. The space
18-24°C was adopted for this survey.

In order to estimate the amount of cooling needed in
an N-day definite period, Equation 1 was used.

CDD = Y (T—0,) 6,=24 1)

In Equation 1, the CDD is the required amount of cool-
ing and T is the daily mean temperature. The tempera-
ture threshold 6 5 considered for Madagascar is 24°C.

In order to calculate the need of 6 5 to heating, Equa-
tion 2 must be employed.

HDD =) (6, —T) 6, =18 )

In this equation, HDD is the need for heating on the
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basis of DD and T and 81 have the same concept as in the
previous equation. The temperature threshold 5 consid-
ered for Madagascar is 24°C.

The HDDs and CDDs can be dened in accordance
with the SIA Standard (1982) (McCarthy et al., 2001,
ASHRAE, 2009) as Equation 3 and Equation 5:

HDD (0;, 0, ) = > (6; —=T) 3)

Where, 0 ; is the internal temperature, ¢ . ; the daily
mean external temperature, 6 ;;, the threshold tempera-
ture for heating, and k is the day-number in the year.

In this sense, the annual heating demand of a building
Qh may be written as Equation 4:

Qh = Ktot HDD — an (4)

Where, K, is the total thermal losses due to transmis-
sion and inltrations, Q is the internal heat sources and
solar gains, and 7 is an efficiency to factor in the share of
Q, that serves to reduce the heating demand.

In Equation 5, 5 is the threshold temperature for cool-
ing:

CDD = > (T —0,) (5)

Finally, it is interesting to note that, if the building
properties are assumed to be constant, the cooling energy
demand is proportional to the number of CDDs.

3 Results and Discussions

3.1 Variation of outdoor environment

3.1.1 The case of great North

Figure 4 shows the temperature variation in the three
regions of northern Madagascar from 1970 to 2100. Lin-
ear curve was adopted, function of seasonal change of
temperature regarding every region. Before adopting
Equation 6, Equation 7, Equation 8 and Equation 9,
a statistical t-test was carried out for comparing sim-
ulation and observed results. Indeed, a t-test can be
used to determine if two sets of data are signicantly
different from each other, by following a statistical t-
distribution'*>“31, When the test is applied for the com-
parison of the observed and simulated results, it allows
confirmation whether both provide similar results or not
and if there is a big difference. All the statistical analy-
ses were carried out by means of IBM SPSS 24.0 Statis-
tical software. In this study, a 95% of confidence level
(CL) was considered (level of significance equal to 5%),
which is one of the most common used for the t-test ap-
plication. The interval of significance can be freely se-
lected; it is a quantitative estimate (called the p-value) of
the probability that the observed differences are random.

The results showed that the P value was higher than 0.05,
therefore the error is negligible, and these equations can
be implemented.

The different regions can be divided between transi-
tion tropical climate (Antsiranana city) and humid cli-
mate tropical (Vohemar and Sambava). The original tem-
perature increment from the year 1970 represents the
year when the temperature began to grow in this zone
for most cities. It was found that, after simulation in
this region, precipitation increased while the tempera-
ture decreased. The minimum and maximum temper-
atures did not always remain constant. The minimum
and maximum annual temperature of the north of Mada-
gascar is estimated to increase by 0.4-3.7°C and -0.6-
2.4°C, respectively, between 1901 and 1970. These con-
clusions confirm some results provided on the last IPCC
rapport®”!. Indeed, at the current trends, it’s expected an
average air temperature over the period 2081-2100 will
be 0.3- 4.8°C higher than that over 1986-2005.

3.1.2 The Case of variation in the annual minimum
temperature

In the north of Madagascar, from the year 1970 on-
ward, the minimum annual air temperature has increased
according to the geographic regions associated with their
type of climate. In the transition tropical region (Antsir-
anana), the minimum temperature increased by 0.004°C
every year, while in the wet tropics (Sambava and Vohe-
mar), the annual minimum temperature increased from
0.037°C and 0.021°C, respectively. In 2050, the an-
nual minimum temperature will increase to 0.34°C in the
transition tropical climate (Antsiranana) and 2.96°C and
1.68°C in the humid tropical climate (Sambava and Vo-
hemar). Unless some actions are taken to fight against
global warming, an increase of 0.46, 4.07, and 2.31°C
is expected in Antsiranana, Sambava, and Vohemar, re-
spectively, in the year 2080 (Figure 4b, 4d and 4f). The
minimum temperature is now rising faster in the rainy
season than in the dry season.

3.1.3 Case of variation in the annual mean air tem-
perature

In 1975, for the relative humidity of 61.489.5%, the
annual mean temperature in Antsiranana, Sambava, and
Vohemar was 25.861, 23.336, and 24.008°C, respec-
tively. These temperatures will be 26.644, 24.112, and
25.083°C, respectively, in 2025. Then onward, the tem-
peratures are expected to increase to 27.424°C in the
transition tropical region and to 24.886°C and 26.158°C
in the tropical humid regions Sambava and Vohemar, re-
spectively, by 2075. This variation can mainly be at-
tributed to human activities and industrial pollution!”!.
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Figure 4. Yearly temperature increment in North of Madagascar

3.1.4 Case of variation in the annual maximum tem-
perature

In the transition tropical region (Antsiranana city), the
maximum temperature increase of 0.024°C every year,
while in the wet tropics (Sambava and Vohemar, cities ),
the annual maximum temperature decreased by 0.006°C
in Sambavacity and increased by 0016°C in Vohemar
city. In 2050, the maximum temperature is expected to
increase by 1.68°C in the dry season and by 2.32°C in
the rainy season, with a yearly change of 1.92°C. In the
next 25 years (by 2025), the maximum temperature will
increase by 1.155, 1.595, and 1.321°C in the dry season,
rainy season, and annually, respectively. On the other
hand, a further 25 years later (by 2075), the said temper-
atures will increase by up to 2.205, 3.045, and 2.52°C in
the dry season, rainy season, and annually in the tran-
sition tropical climate (Antsiranana city ) (Figure 4a).

In 2050, in the humid tropical region in Sambava city,
the maximum temperature will decrease by 0.4, 0.32,
and 0.48°C in the dry season, rainy season, and annu-
ally, respectively. In 2025, in the same city, the decrease
would be up to 0.275°C (dry season), 0.22°C (rainy sea-
son), and 0.33°C (annually). After 50 years since 2025,
the maximum temperature will decrease by up to 0.525,
0.42, and 0.63°C in the dry season, rainy season, and
annually, respectively (Figure 4c). On the other hand,
in Vohemar city , in the year 2050, the maximum tem-
perature will increase by up to 1.2, 1.68, and 1.28°C in
the dry season, rainy season, and annually, respectively.
In the year 2075, the maximum temperature is expected
to increase to 1.575, 2.205, and 1.68°C in the dry sea-
son, rainy season, and annually (Figure 4e). The max-
imum temperature is now rising faster in the rainy sea-
son than in the dry season in the Great North of Mada-
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gascar, except in the humid tropical climate (Sambava),
where the maximum temperature tends to decrease faster
in the dry season than in the rainy season. Vulnerabil-
ities of climate change varied according to geographic
position. Nematchoua et al., in a study carried out in
Cameroon, found rather that the maximum temperature
tends to increase faster in the dry season than in the rainy
season'*!l. It’s important to note that the consequences
of this calamity are visible and vary from one country to
another.

The following equations were established after analy-
sis of the evolution of different temperatures in Antsir-
anana. These equations can be established for every re-
gion in this zone as in a recent research published by
Nematchoua et al.:¥!

Atpee = 0.024 -7 (6)
Atpin = 0.004 -7 @)

where, t,,,,, and t,,;,, are the maximum and minimum
annual temperature increment (°C), respectively, and 7
is the time (years). The different temperature variations
of the cities examined in this region are shown in Ta-
ble 4. An analysis of the data in this table showed that
the minimum temperature is rising faster than the maxi-
mum temperature, but this variation is smaller compared
to that in the South and the East of Madagascar.

These results are not surprising. Indeed, the strong in-
crease of air temperature is observed in several African
cities. Annual temperature is predicted by Atmosphere
Ocean General Circulation Models (AOGCMs) to in-
crease by as much as 2.4°C in northern Africa, from +1.7
to +1.9°C in central Africa, and from +1.4 to +2.5°C in
southern Africa by around 205044,

3.1.5 Case of the Great South

The following equations were established after anal-
ysis of the evolution of different temperatures in Fia-
narantsoa city.

Deltat, g, = 0.027 -7 (8)
Deltat,;, = 0.033 -7 )

These equations can be established for each city lo-
cated in this region regarding the variation of air temper-
ature.

Figure 5 shows the temperature variation in the three
regions located to the south of Madagascar from 1950 to
2100.

These different regions are divided between the alti-
tude tropical climate (Fianarantsoa city), hot and semi-
arid tropical climate (Toliara city), and the hot and humid
tropical climate (Taolagnaro city ). The temperature in-

crement origin is considered to be the year 1950, which
represents the year when the temperature began to grow
in this region for most cities. The precipitation rate has
also softened the climate, as simulation studies revealed
that precipitation increases with temperature in this re-
gion. The minimum and maximum temperatures showed
a similar trend. Furthermore, the maximum temperature
was changing faster than the minimum temperature, ex-
cept in Fianarantsoa city. In the south of Madagascar,
after a decade, the minimum annual temperature is ex-
pected to increase by 2.6-3.3°C, and the maximum an-
nual temperature is expected to increase by 2.74.0°C as
compared to that in the 19012000-period. These vari-
ations can be due to the various human anthropogenic

activities in this region'*!.

3.1.6 Case of variation in the annual maximum tem-
perature

The maximum annual temperature increased by 0.040;
0.033; and 0.027°C in the semi-arid tropical climate (To-
liara), hot and humid tropical climate (Taolagnara), and
altitude tropical climate, respectively (Figure 5a 5c Se).
In the year 2025 (that is 75 years from 1950), unless
some actions are taken to combat climate change, a tem-
perature increase by 2.925, 3.075 and 3°C is expected
in the dry season, rainy season, annually, respectively,
in comparison to that in the 1901-1950 period. In Fia-
narantsoa city, during the same year (2025), the maxi-
mum temperature is expected to increase by 2.175, 2.10,
and 2.025°C in the dry season, rainy season, and annu-
ally, respectively. In Taolagnara, in 2025, the increase
could reach 2.7, 2.625 and 2.475°C in the dry season,
rainy season, and annually, respectively. In addition, in
2050, the maximum variation of the maximum temper-
ature in the region will probably be 3.9, 4.1 and 4°C,
in the dry season, rainy season, annually, as compared
to the variation during the 1901-1950 period. In tropical
regions, during the same year (2050), the maximum tem-
perature will increase by 2.9, 2.8 and 2.7°C in the dry
season, rainy season, and annually, respectively. How-
ever, in the hot and humid tropical regions, the maximum
temperature will increase by 3.6, 3.5 and 3.3°C, respec-
tively, in the dry season, rainy season, and annually. In
the year 2075, as compared to that in the 1901-1950 pe-
riod, the maximum variation of the maximum tempera-
ture in this region will probably be 4.875, 5.125 and 5°C
in the dry season, rainy season, and yearly. During the
same year in Fianarantsoa city, the maximum tempera-
ture will increase by up to 3.625, 3.5 and 3.375°C in the
dry season, rainy season, and annually. Meanwhile, in
the hot and humid tropical region of Taolagnara city, the
dry and rainy seasons of the 2075 would experience the
maximum temperature increase of up to 4.50 and 4.37°C,
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Table 4. Variation in the air temperature in some regions of the North of Madagascar

Minimum temperature increment (°C)

Maximum temperature increment (°C)

City

Yearly
0.004

Yearly Dry season Rainy season

0.024

—0.006 0.037
0.016

Rainy season

Dry season

0.008

0.002

0.021 0.029

—0.005

Antsiranana

0.04
0.025

0.033

—0.004

0.021

Sambava

0.021

0.018

0.015
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Figure 5. Yearly temperature increment in South of Madagascar
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respectively. These results imply that the maximum tem-
perature is increasing by a 55% faster rate in the dry sea-
son than in the rainy season in the Great South of Mada-
gascar. In this regard, it is important to recognize that the
anthropogenic signal in the global temperature record is
expected to increase and that past changes are no guide
to how the future will develop.

3.1.7 Case of variation in the annual mean air tem-
perature

In January, 1975, the relative humidity was 35.78-
80.58% and the mean temperature was 25.881-21.944°C
in the semi-arid tropical and altitude tropical climate re-
gions. In July of the same year, the mean temperature
was 19.958-20.796°C in the same regions. On the other
hand, in January and July of the year 2000, the mean
temperature reached 26.719°C and 22.694°C, 20.796°C
and 17.035°C in Toliara and Fianarantsoa, respectively.
In addition, in 2025, the mean air temperature in Jan-
uary and July is expected to be 27.556°C and 21.633°C
in Toliara, and 23.444°C and 17.785°C in Fianarantsoa,
respectively. By 2075, the mean air temperature will in-
crease up to 29.231°C in January and 23.309°C in July
in the semi-arid tropical. The actual trend shows that
temperature variations depend on location and altitude.

3.1.8 Case of variation in the annual minimum tem-
perature

The minimum annual temperature has increased by
0.026, 0.026 and 0.033°C in the semi-arid tropical cli-
mate region of Toliara, the hot and humid tropical cli-
mate region of Taolagnara, and the altitude tropical cli-
mate region of Fianarantsoa, respectively (Figure 5b 5d
5f). In the year 2025 (i.e., 75 years after 1950), the maxi-
mum increase in the minimum temperature in this region
is expected to reach 2.4, 2.625 and 2.475°C in the dry
season, rainy season, and yearly, respectively, as com-
pared to that in the 1901—1950 period. In the semi-arid
tropical climate region of Toliara, during the same year
(2025), the minimum temperature will increase by up to
1.95, 2.025 and 2.025°C in the dry season, rainy sea-
son, and yearly, respectively. In the hot and humid trop-
ical climate region of Taolagnara, during the same year
(2025), the increase is expected to reach 2.175; 2.025,
and 1.95°C in the dry season, rainy season, and yearly,
respectively, as compared to that in the 1901—1950 pe-
riod. In addition, in 2050, (i.e., 100 years after 1950), the
maximum change in the minimum temperatures in this
region is estimated to be 3.2, 3.5 and 3.3°C in the dry
season, rainy season, and yearly, respectively, as com-
pared to the 1901-1950 period. However, in the hot and
humid tropical climate regions, the maximum tempera-
ture would increase by 2.9, 2.7 and 2.6°C, respectively,
during the dry season, rainy season, and annually. Fi-

nally, in the year 2075, as compared to that in the 1901-
1950 period, the maximum change in the minimum tem-
peratures in the region would probably be 4.00, 4.375
and 4.125°C in the dry season, rainy season, and an-
nually. During the same year, in Toliara, the minimum
temperature is expected to increase by 3.25, 3.375 and
3.375°C in the dry season, rainy season, and annually,
respectively. Meanwhile, in the hot and humid tropical
climate region of Taolagnara, during the dry and rainy
seasons of 2075, the minimum temperature is expected
to increase by 3.625°C and 3.375°C, respectively. These
results suggest that the minimum temperature in the stud-
ied regions is increasing faster in the rainy season than
in the dry season, except in the semi-arid tropical cli-
mate region. The different temperature variations in the
different cities are shown in Table 5. This variation is
almost identical to that observed in several countries in
the Sub-Saharan Africal“f!.

According to IPCC, it is important to know the type
of climate and approximate values for the external tem-
perature to carry out forecasting of the impact of global
warming. Table 6 gives some trends of annual tempera-
ture and precipitation around 2050 in Africal*’-48],

The steep topography causes the warm and moist air
masses to rise, producing rainfall and leaving less mois-
ture for rainfall further west. Table 6 shows that an-
nual precipitation change is very significant in all part
of Africa.

3.2 Energy demand of buildings

3.2.1 Time-scale of the past and present

This part of the research includes the study of Mada-
gascar’s buildings to understand their need for cooling
and heating energy in the past, the present, and the fu-
ture. The past time scale is related to the data of 1975,
the present time scale includes the data of 2000, and the
future includes the time periods of 2025, 2050, and 2075.
According to the study conducted on the need for heat-
ing energy for 1975, the results indicated that June, with
an average of 160 DDs, had the highest rate in compari-
son with other months toward meeting the need for heat-
ing energy (Figure 8). In fact, the regions (11 = An-
tananarivo, 12 = Antsirabé, 13 = Fianarantsoa and 15),
situated in the center of Madagascar, had high heating
energy demand. In all the regions studied, in the rainy
season (between October and April), there was no need
for heating energy because it was hot during this period.
The annual heating energy was higher in Antsirabe (643
DDs) than in the others regions which shows that Antsir-
abe remains the coldest city of Madagascar. The HDD
rate has oscillations from 0 to 700 DDs during a year
for different regions of Madagascar, and its annual aver-
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Table 5. Variation in the air temperature in some regions of the South of Madagascar

Maximum temperature increment(°C) Minimum temperature increment(°C)

o Dry season Rainy season Yearly Dry season Rainy season Yearly
Fianarantsoa 0.029 0.028 0.027 0.032 0.035 0.033
Toliara 0.039 0.041 0.04 0.026 0.027 0.027
Taolagnara 0.036 0.035 0.033 0.029 0.027 0.026

Table 6. Annual temperature and precipitation change scenario for the period centered around 2050, simulated by 20 Atmosphere Ocean

Circulation Models

Region North Africa

Central Africa

Southern Africa Eastern Africa

from +1.7 to +2.4
from -2.0 to +6.0

Temperature Change, (°C)

Precipitation Change, (mm)

from +1.7 to 1.9
from +0.4 to +2.6

from +1.6 to +2.1

from +8.0 to +13.0

from +1.4 to +2.5
from -14.0 to-2.7

age for the entire of Madagascar were calculated to be
329 DDs. The heating energy demand was weak in re-
gion15 (53 DDs) and inferior to the average for region13
(Fianarantsoa). Meanwhile, more than 25% of annual
heating energy demand was saved in regionl1 (Antana-
narivo) in Madagascar. In the same time period of 1975s,
the maximum requirement for energy for cooling houses
is observed in October for 122 DDs (Figure 6). The
months between June and August do not have any need
for cooling energy as they are slightly colder months, ex-
cept some regions in the north of Madagascar. But, as the
annual mean, 440 DDs of energy is required for cooling
houses in Madagascar (Figure 6 and Figure 7) and this
rate oscillates between 0 and 828 DDs. The minimum
need for energy for cooling houses in a year is related to
regions such as 7 and 9, which include the Great East,
and the north of Madagascar, and its maximum is related
toregions 1,2 and 8, including some regions in the north-
east and east. As a continuation, this process has been
carried out for the present time scale for the indicative
year 2000, and the results show relative changes. But the
monthly data reveal that it is June which needed the max-
imum energy of 132 DDs to provide heating for houses
as before. Likewise, the months from October to March
do not need energy for supplying heat since they are hot
months. The interesting point is that in April, August
and September, the need for energy for heating has de-
creased and in June and July it has increased (Figure 8a
8b 8c 8d). But the result concluded from the difference
of annual data is that the need for energy for heating has
an average decrease of 81 DDs in central Madagascar.
Overview, the energy-efficient or high star rating houses
may experience less absolute changes in energy require-
ment!>¥l. The average annual cooling energy was 526
DDs in Madagascar this year, which is an increase of 86
DDs as compared to that in the year 1975.

Energy demand increased to 19.6% between 1975
and 2000. These results are similar at those estimated
by Christenson er al.™*!l, who showed that the heating
degree-days were reduced by 11-18% during 1901-2003,
but reached 1387% between 1975 and 2085. Some re-
searchers showed that the extent of reduction in heating
and increase in cooling varies from one region/climate
to another and depends very much on the prevailing
local weather conditions and energy efficiency mea-

sures!?>-27],

3.2.2 Future time-scale

For 2025, it has been estimated that the heating en-
ergy for the month of June would be an average of 104
DD, with the maximum need for heating energy in this
month than in other months. Also, no heating energy re-
quirement is necessary from October to April, because
these are hot months. However, according to the annual
average temperature calculated for the center of Mada-
gascar, 136 DDs have been estimated for heating houses;
in comparison with the previous periods, this rate has de-
creased (Figure 8). From among the different regions of
the country, this rate of annual need for heating energy
has oscillated from 0 DD related to regions such as 1-9
to 249 DDs related to a region such as 12. With regard to
the need for cooling energy for cooling houses, often, the
months of MayJuly do not need cooling energy, except
for in the regions 1-3 in the north of Madagascar. A max-
imum annual requirement of 1136 DDs was obtained in
region 2. A comparison of these months with the previ-
ous periods indicated that, in most months of the year,
the need for cooling energy is more, as evident from Fig-
ure 7a 7b 7c. Increase in CDD was the highest in the
north and the lowest in the center of Madagascar. In this
study, regarding the increase of the need for cooling en-
ergy in most of the months, consequently, its annual rate
was decreased and its average was calculated to be 482
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Figure 6. Calculation of the monthly average of CDD index for regions 2-8 in Madagascar during the five study periods

Health and Environment (©) 2019 by Syncsci Publishing. All rights reserved.




Modeste Kameni Nematchoua. A study of climate change and energy consumption in Madagascar island

21

E}_

jan FebMar Apr May Jun Jul Aug Sep Oct Nov Dec

Time(Month]

f)

fan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time(Month]

100 - 120
o | Cooling enesgy demand-Sambava city
: 100 +
8 B1575
1 T =
i #2000 g
i u2025 '3
| i
g 02050 T
{ T |
!ﬂ | 8075 'E 40
204 E
10 4
64 o+l : .
jan Feb Mar Apr Mey Jun lul Aug Sep Ogt Mov Dec lsn Feb Mar Apr My Jun Jul Aug Sep Oct Mov Dec
a) Time[Month) o Timé(Month)
40 - 140
- Cooling energy demand-Fianarantsos cty Cooling energy demand-Vohemar city
' - 120
= 0 = 100 4
g-:!.i B 1975 g— % L | miars
o #2000 '_i > #2000
B 15 53035 g @ 2025
I
B ¥ 2050 #2050
54— 20
2075 81075
&+ B —e o - !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Febiiar Apr May Jun Jul Aug Sep Oct Now Dec
Time{Maonth) Time|Month]
o dj
1 Cooling demand-Faralangana dty ¥
energy
™ : 35 || Cooling energy demand-Amboitslaozars ity
=
g 0197 N 1875
i 12000 ¥ 2060
g § 2025 1w
B 2050 B 2050
2075 RI075

Figure 7.

Calculation of the monthly average CDD indexfor regions 9,10,13, 15 and 16) in Madagascar during the five study periods
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Figure 8. Calculation of the monthly average of HDD and CDD index for Madagascar during the five study periods
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Figure 9. Zoning the values of need for CDD in the study period of (a) 1975 and (b) 2000
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Figure 11. Zoning the values of need for CDD for the study period of 2075

DDs for Madagascar (Figure 6 and Figure 8). By 2050,
it has been estimated that the month of June would be the
coldest month of the year with 77 DDs need for heating
energy. Notably, the months of July and August, except
for the period between September and August which do
not need heating energy, would not need any energy for
heating buildings due to global warming. It was noticed
that in region 15, there was no heating energy demand
during this year. In all these regions, during this year, the
slowest annual heating energy saved was only 8 degree-
days. In this study, an annual average of 84 HDDs was
established; as such, the need for HDDs has decreased
to 52 DDs (Figure 8b 8d), as compared to that in year
2025. In this annual average, as before, several regions
saw a decrease in its annual heating. Regionl12 (Antsir-
abe) had the maximum requirement for heating energy,
with an annual average of 177 DDs. With regards to the
energy supply for cooling houses, August had the low-
est requirement with an average of 1.01 DDs for cooling
houses and November has the highest requirement with
178 DDs. But, the annual average was 575 CDDs for the
entire of Madagascar, which has increased by 93 DDs
in comparison with that in the last studied period, as il-

lustrated in Figure 6 and Figure 7. It’s showed that, a
raising of air temperature up to 2°C, could result in sig-
nicant energy savings and have great mitigation poten-
tial*-48! The simulation of DD index values for the year
2075 suggest that regions 13 and 15 would have no need
for heating energy consumption for the first time. How-
ever, regions 11 and 12 will need heating energy during
JuneAugust, with all the months showing a decreasing
trend in heating energy consumption. In this simulation
study, energy consumption in the heating section showed
a decrease by 42 DDs in comparison with that in the year
2050 and by 287 DDs in comparison with that in 1975.
In 2075, the oscillations of the need for energy consump-
tion ranged from O in regions 13 and 15, to 92 in region
12 (Figure 8). Now, regarding the simulation of the val-
ues of need for energy consumption for cooling houses in
the year 2075, it can be concluded that, in all the months
of the year, without any exception, the cooling energy
consumption showed an increase in comparison with that
in the previous years, and the maximum value of this
increment was observed for November with 203 DDs.
The annual average of energy consumption in the cool-
ing section also showed an uptrend since 1975, reaching
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its peak at 790 DDs in 2075, thus, the increase in the en-
ergy consumption in comparison with the year 1975 was
by 350 DDs, as detailed in Figure 6a 6¢ 6d 6f and Figure
7a 7c 7d 7f. Globally, heating energy demand will de-
crease by about 55%, while cooling energy will increase
by an equal 50.2% up to 2075. This strong variation of
energy was mainly due to strong concentration of green-
house gas. In Greece, Asimakopoulos[zsl found that the
energy demand for heating the building sector, could de-
crease by about 50%, until 2100. The increase cooling
energy demand is really significant. Zoning the values
of need for CDDs in the study periods of 1975, 2000,
2025, 2050 and 2075 is manifested in Figure 9, Figure
10 and Figure 11. The cooling energy demand was very
weak for areas located in the “Green Malachit”, from O-
84 DDs in 1975 to 116 DDs in 2000, and to 163 DDs in
2075. It was weak for regions located in the “Green Al-
mond” from 84-167 DDs in 1975s, to 206 DDs in 2000,
and to 318 DDs in 2075. It was slightly low for regions in
the “Yellow Breath” from 167-251 DDs in 1975s, to 297
DDs in 2000, and to 472 DDs in 2075. In addition, the
means for regions in the “Yellow Orpiment” from 334-
416 DDs in 1975s, to 479 DDs in 2000, and to 780 DDs
in 2075, and higher in regions in the “Onion Skin Pink
Zone” from 502-585 DDs in 1975s, to 660 DDs in 2000,
and to 1088 DDs in 2075. All these results showed that
energy demand is instable and varies according to region.
At the end, the cooling energy demand was very high for
areas located in the “Tingray” zone from 669-752 DDs
in 1975, to 842 DDs in 2000, and to 1396 DDs in 2075.
Based on the findings of this study, the design of new
buildings for these regions must consider the future out-
door mean temperature to define the wall insulation, the
technical characteristic of HVAC systems, and others pa-
rameters.

4 Conclusion

In this research, a survey was conducted to evaluate
the heating and cooling energy demand in Madagascar.
The outdoor climate and projection were studied using
several GCM models in varying scenarios. Several inves-
tigations in different sectors evidenced climate change.
The effects of climate change are visible, especially in
Madagascar, where the frequency of flooding has in-
creased in the coastal cities. The temperature and pre-
cipitation vary among regions of the same country. The
average annual energy consumption in the cooling area
has also seen an uptrend since 1975 and is estimated to
790 DDs. For several terrestrial and marine species, an
evolution of the distribution area has been observed with
respect to seasonal activities and migration. Madagascar

suffers from the impact of the warming of the Earth, such
as, other Sub-Saharan Africa and poor countries. The air
temperature is expected to increased upto 4°C, in sev-
eral cities in Madagascar in the next decade. The emis-
sion levels in Madagascar are less than 1/200" of those
registered in the US and Canada, leaving little scope to
reduce their levels further. However, the need to reduce
emissions globally is extremely urgent and requires the
individual contributions of all the countries in the world.

This study recommends a direct implication of all the
population for reducing the impacts of climate change in
Madagascar and in the world.

In the next study, it is important to assessment in this
region, the variation of air temperature and energy, using
the Representative Concentration Pathway(RCP) scenar-
10s such as RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5.
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