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ABSTRACT

Casablanca, main metropolis of Morocco concentrates more than 46% of the working population. She is considered as
the most affected city by the increase of the temperature. We have therefore chosen to base our study on the city of Ca-
sablanca. The main objective of this study is to estimate the ground temperature in order to evaluate the impact of the
vegetation on cooling the ground temperature. In order to move to the achievement and to identify the formation of is-
lands of warmth or coolness which occur in the urban municipalities of Casablanca, we have used the satellites images
Landsat 5 TM. Graphical analysis based on studying the correlation was performed to quantify the strength of the link
between the coolest urban surfaces and the green spaces. To achieve this, we used “mono-window” algorithm which re-
quires knowledge of the atmospheric transmittance, the emissivity of soil and the effective temperature of the air. This
study revealed a strong correlation between vegetation cover and cold areas (R?2 = 0.911) and allowed us to determine

graphically that there is a strong link between the urban ground temperature and the density of buildings.
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1. Introduction

According to the prospective study “Morocco 2030” con-
ducted by the Planning Department, Morocco will count
ten million more urban residents (66% of the population)
[1]. The population growth in 2030 will be concentrated
in the cities and in a higher proportion in the economical
metropolis Casablanca and this in addition to a dense ur-
ban development.

The National Agency of meteorology, in collaboration
with the World Bank, confirmed that the country will
face a significant increase in room temperature, an in-
crease of at least 1.6°C compared to the average room
temperature, in the decades to come.

Zhanq and Wang (2008) studied the relationship bet-
ween these two issues and found that there is a correla-
tion between the formation of the heat island, population
density and concentration of built [2]. Sébastien Gadal
meanwhile showed the contribution of thermal infrared
data, often used to estimate the land surface temperature,
on the remote sensing of urban concentration and the re-
sidents [3]. In [4], it has been shown that information on
land use can be derived directly from the land surface
temperature. Others have suggested that changes in land
use have significant effects on climate [5].

Therefore, from these studies it seems clear that the
heat island effect in urban areas will be multiplied in the
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future because of several causes like as natural causes that
are related to climatic and geographical problems, and
other anthropogenic.

This represents an additional challenge not only on the
deterioration of the climate and the quality of the area but
also the emergence of problems related to public health.

This article focuses on the identification of areas affe-
cted by urban heat islands at each town in Casablanca to
study the role of vegetation in controlling this phenome-
non.

2. Material and Methods
2.1. Location of the Study

Casablanca, Morocco’s economic capital is located on the
Atlantic coast (Lat 33°36'N, Long 07°36'W). The Casa-
blanca region has nearly 4 million inhabitants extending
to 1615 km? which is the most populous city in North
Africa and one of the largest cities in the continent. Its
average temperatures are 12°C in winter and 25°C in su-
mmer with a temperate and humid climate. The high ave-
rage annual precipitation is 400 mm.

The study area has warmed in recent decades. Annua-
Ily, the average temperature has increased over the period
1961-2008, with a trend of 0.3°C per decade in Casa-
blanca [6]. In terms of rainfall, the Moroccan cities show
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a clear downward trend with a decline of about 2.8 mm/
year [6] (See Figure 1).

2.2. Materials/Data

Satellite images are the important source of data to obtain
information about the Earth’s surface without direct con-
tact.

To identify thermal anomalies we used a scene from
Landsat 5 TM (Thematic Mapper) acquired on 08/01/2011
at 10:53. The Landsat image is projected in UTM (Uni-
versal Transverse Mercator) with a resolution of 30 me-
ters for all bands.

The air temperature and humidity were obtained on the
weather sites [7].

The following table (Table 1) shows the different cha-
racteristics of the TM image.

2.3. Methods

The Figure 2 shows the logical sequence for the recove-
ry of urban surface temperature used in this study.

As it will be mentioned in the following sections this
process will be divided in three main parts:

The first part consists of estimating the emissivity of
soil from the NDVI.

The second part will allow us to calculate the bright-
ness temperature, also known as the temperature of sur-
face marked at the sensor, depending on the spectral ra-
diance (greatness obtained by performing a radiometric
correction of the thermal-infrared band). The brightness
temperature requires knowledge of some parameters such
as constants of calibration K, and K, which are given by
the manufacturer of the sensor.

In the third part we will use the Mono-Window algori-
thm [2] to recover the land surface temperatures by con-
sidering the action of the atmosphere, this greatness can
be calculated from the parameters obtained in the first
and the second part, it also requires knowledge of addi-
tional parameters such as effective temperature and at-
mospheric transmittance, which can be estimated from me-
teorological data.

The heat islands area and islets of freshness were ex-
tracted from the land surface temperature by using a se-
gmentation method based on calculating the arithmetic
mean and the standard deviation.

More details will be presented in the following para-
graphs.

2.3.1. Estimation of NDVI
In remote sensing, the term vegetation refers to chloro-
phyll, several indices have been developed to analyze the
abundance of vegetation, and they are based on a report
of the red band which is related to the absorption of light
by chlorophyll and near-infrared that is related to the
density of green vegetation. The index more used is the
NDVI index (Normalized Difference Vegetation Index)
that is considered among the best known indices and wi-
dely used to study and map the plants. Dengsheng Lu and
Jacquelyn Schubring [8] have used this index to estimate
the abundance of vegetation and study her relationship
with surface temperature [8]. Others have used it to study
the impact of rainfall on the abundance of vegetation [9].
Several researchers have used other vegetation indices
as TSARVI (Transformed Soil Atmospherically Resis-
tant Vegetation Index) to improve the classification accu-
racy for thematic mapping in heterogeneous media [10].
The normalized difference vegetation index for Land-
sat 5 TM results in the following formula:

TM[4]-TM[4]

NV M 4]+ ™3]

(D

Figurel. The study area location.

Table 1. Technical data of the sensor Landsat 5 TM.

Bands of the TM . ;gleﬁlr g’rj] ) . ;’gﬁi'tf‘én (m  Color  Fieldwidth (KM) Timegfgfgmr O;ﬁ::ﬁj ”

T™[1] 0.45-0.52 30%30 Blue
T™ [2] 0.52 - 0.60 3030 Green
T™ [3] 0.63 - 0.69 30%30 Red
™ [4] 0.76 - 0.90 30%30 NIR 185 16 days 710 Km
T™ [5] 1.55-1.75 30%30 Mid-IR
T™ [6] 104-12.5 30*30 Thermal IR
™ [7] 2.08-235 30%30 Mid-IR

Copyright © 2012 SciRes. JGIS



22 H. RHINANE ET AL.

brightness

temperature

1 1 1
! Ly 1
! Part [ | Landsat 5 T™M i PartIl !
1
i n i
! ! 1
! ! 1
! H 1
: i :
v v v i v !
1
i| TM[3] | | TM[4] |: i TM[6] i
i N i
1 ! 1
[ ! 1
i H 4 i
1
! ! 1
! H 1
H \ 4 ! !
1 N Sensor -
: NDVI ! ! radiance -
i " :
: V! 1
| = E <] |
1
i Emissivity ' E v i
[ : 1 1
! ! 1
! fil 1
1 ! 1
: i 1
1 ': |

Part 111 i

Land surface

T

1

1

1

1

1

1

1

i — 4 effective Air

: Lemperature & temperature temperature

1 (LST)

1 1
1 1
1

1

1 %

! 4 Partial

1

: _ Content pressure of

i Atmospheric le—|  atmospheric l— water

! transmittance water vapor vapor in

i the air

1

1

1 1
1 1
1

1 Heat Islands

\ -

: e humidity

1 1
1 1
1 1
1 1
1 1
' Cold Island !
i Area !
1 1
1 1
1 1
1 1
1 1
1 green 1
1 : 1
1 spaces 1
1 1
W v v el o i 1

Figure 2. The processing used for estimating the urban
surface temperature.

2.3.2. Estimation of Ground Surface Emissivity
The emissivity is radiative properties of objects. It chara-
cterizes the ability of a body to emit radiation. There are
two methods to estimate the emissivity of the soil, the fi-
rst is to select the training data of materials classes and
affect the value of the emissivity appropriate to each cl-
ass, and the second is to estimate the emissivity by ex-
ploiting a statistical relationship that binds it to the vege-
tation index.

According to [11], this linear relationship is written as
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follows:
e = 1.0094 + 0.047Ln(NDVI) (2)

when the value of the NDVI ranges from 0.157 to 0.727.
Another method has been developed [10] to estimate
the emissivity from the NDVI, as follows:

e =¢gP, + &l - Py + de 3)

where

&, 1s the vegetation emissivity

& 18 the soil emissivity

P, is the vegetation proportion, witch can be estimated
by the following equation:

[ NpvI-NDVI,, | @
*~|NDVI,_-NDVI _

with NDVI,;;, and NDVI,,,x correspond to 0.2 and 0.5. de
represents the effect of the geometric distribution of sur-
faces. For plain surfaces that term is negligible but for
heterogeneous and rough surfaces that term can reach a
value of 2%. A good estimate of this term can be given
as follows:

de = (1 - Ss)(l - PV)FSV (5)

F: is a shape factor whose average value is 0.55.

2.3.3. Egtimation of Land Surface Temperature

The estimated temperature of the surface requires a pro-
cessing and knowledge of several parameters. In this pro-
cess an atmospheric correction is very useful to eliminate
the action of the atmosphere and isolate the spectral sig-
natures of terrestrial objects.

Thus, the first step is to convert numeric values to lu-
minance (radiance). The following equation developed by
National Aeronautics and Space Administration (NASA)
is generally used to calculate the spectral radiance from
the numerical values of the TM data:

L(g) = me(g) + (Lmax(ﬂ) - Lmin(/l) )an /Qmax (6)

L;: spectral radiance.

Qun: the gray level of the TM image.

Qmax: the maximum numerical value of the TM image.

Liingy and Ly are respectively the minimum and
maximum spectral radiance for Qg, = 0 and Qg, = 255.

The spectral radiance can be converted to a variable
physically more useful, it is the brightness temperature
corresponding to the apparent temperature of a surface
measured at the sensor.

The formula for conversion is as follows [12]:

T K (7

sat
In & +1
L,
Tsa is the brightness temperature.
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The coefficients k; and k; are the constants of calibra-
tion given by the manufacturer of the sensor, for TM
sensors K; and K, are respectively equal to 607.76 watts/
(meter squared * ster * m) and 1260.56 Kelvin.

This temperature is not the real temperature of the
surface; it is the effective at-satellite temperature. To cal-
culate the true temperature by considering the atmosphe-
ric effects we must apply an atmospheric correction.

Qin and Karnieli [13] have developed an algorithm,
Mono-window, which allows apply this correction, witch
requires knowledge of some parameters such as: the emi-
ssivity, atmospheric transmittance and the effective tem-
perature [13].

The expression of Mono-Window algorithm is as fol-
low:

T :a(l—C—D)+[b(1—C—D)]Tw -DT,

) C

where T is the land surface temperature, T, is the bri-
ghtness temperature, T, is the effective temperature esti-
mated from the air temperature, a and b are two constants
equal respectively to —67.355351 and 0.458606. C and D
are two parameters that can be calculated using the fol-
lowing formulas:

C=e¢r O]

D=(1-1)[1+(1-p)1] (10)

®

with € is the soil emissivity and t is the atmospheric
transmittance that can be estimated from the air tempe-
rature and the atmospheric content in water vapor.

The atmospheric content in water vapor can be derived
according to the humidity ¢, and the partial pressure of
water vapor in the air P, .

Leckner’s formula mentioned in [14] allows as estab-
lishing this relationship:

_0.493-¢,-P,
T

The partial pressure of water vapor in the air is esti-
mated as follow:

P, = e(26.23 —%) (12)

The only unknown parameter for the algorithm is the
transmission factor. The mono-window algorithm allows
us to establish a simple linear relationship to estimate the
transmittance from water vapor as shown in the Table 2
below [15].

W (11)

2.3.4. Extraction of Freshnessand Heat Ilands Area

The surface temperature at the urban municipalities of
Casablanca is a variable parameter, and therefore the con-
ventional segmentation method based on the arbitrary
choice of the value of the threshold may not concretely
extract the formations of the heat islands area related on
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each municipality.

[16] has developed another method which gives more
credibility, this method based on calculating the arithme-
tic mean and standard deviation [16]. The equation de-
veloped by [16] is:

T=azy*S (13)

where “a” represents the mean temperature, S is the
standard deviation and  statistical series:

x=(3,-25,-2,-1.5,-1,-0.5,0,0.5,1,1.5,2,2.5, 3,

3.5,4)

The principle of the method of [16] is to calculate val-
ues for thresholding for each element of the statistical
series, and subdivided the urban surface temperature by
interval considering the values of thresholding as limit and
make a graph to quantify the appropriate temperatures at
each interval. In this study more than 75% of the lumi-
nance values were marked between the two temperatures
that are for  respectively —1 and 1.

So the thresholding value (a + S) will be used to ex-
tract the heat islands area, while (a — S) will be used to
identify urban surfaces fresh.

3. Results and Discussions

Retrieved LST and HIA for Each Municipalities
of Casablanca

The temperature of the urban area of the city of Casa-
blanca, shown in Figure 3, estimated from Landsat 5 TM
data ranges from 286.01 Kelvin to 316.32 Kelvin, and
the highest temperatures are marked in areas known as
density built, and particularly in industrial areas and slu-
ms with a temperature exceeding 302.5 K (Figure 4),
while the lowest temperatures are marked in villas zones
and green areas with a temperature less than 293 Kelvin
(Figureb).

Areas shaded in red correspond to the sectors particu-
larly affected by heat islands, the blue tinted reflect a si-
gnificant presence of vegetation and water.

The photo interpretation of satellite images of Casa-
blanca illustrates the concordance between the urban con-
centration and surface temperatures, and this is particu-
larly true in municipalities known to a density contrast of
built like the case of municipality of “ASSOUKHOUR
ASSAWDA”, “AL FIDA” and “HAY MOHAMMADI".

Table 2. Estimation of atmospheric transmittance.

Water vapor (g-cm™) Transmittance equation

High air 0.4-1.6 7=0.974290 — 0.08007W
temperature 1.6-3.0 T=1.031412 - 0.11536W
L ow air 04-16 7=0.982007 — 0.09611W
temperature 1.6-3.0 7=1.053710 — 0.14142W
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Figure5. Fresh urban area.
This result may be more accentuated with the presence

of statistical data that contains information about the nu-
mber of planning per Km? in each municipality.
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It is clear that urban areas so heavily mineralized such
as industrial area, parks (case of deposit containers in the
port of Casablanca), the roads, parking places and the
concentration of buildings contribute significantly to the
phenomenon of heat islands area in the agglomeration
(red color in Figure 3).

The table below (Table 3) shows the minimum and
maximum temperatures, the standard deviation, the sur-
face of heat islands in Km?, the urban surface fresh in km?
and the surface vegetation cover for each municipality in
Casablanca City.

To identify the plant cover we have adopted two dif-
ferent segmentation methods, each method is reliable in a
given environment. In urban areas the method of “Zhang”
based on calculating the arithmetic mean and standard
deviation gives more credibility, while the conventional
segmentation method relied on the arbitrary choice of
training areas is the most assigned in suburban areas.

Regression Analysis between Surface Fresh and the
Vegetation Cover

To establish a correlation between urban surfaces fresh
and plant covers, a regression analysis was performed,
this type of analysis is the proper way to understand the
characteristics listed in Table 3.

This correlation study showed that there is a strong co-
rrelation between these two variables with a correlation
coefficient of 0.911. This explains the role of the abun-
dance of vegetation in the cooling of the urban area and
thus the fight against the phenomenon of heat islands.
(See Figure 6)

4. Conclusions

The formation of the heat islands is a fatal phenomenon
that threatens the future of Moroccan agglomeration and
in particular the economic metropolis, Casablanca city.
The identification of areas affected by this fact is of para-
mount importance to detect the thermal anomalies.

In this article we have used the remote sensing tech-
niques to determine the thermal anomalies and the blocks
of freshness that promote each municipality in the region
of Casablanca. The results obtained showed that heat is-
lands are formed in the highly mineralized areas and mo-
re intense in industrial areas, slums, the concentrations of
buildings and places of parking that have a characteristic
similar to a black body. However, we can exploit the re-
sults of this study and mapping of slums in the city of
Casablanca [17] to better understand the phenomenon of
informal urbanization in the city.

Several causes explain the appearance of the heat is-
lands in these areas, among these causes we have the the-
rmal properties of materials: the materials used in infra-
structure are low reflecting sunlight with a low albedo,
and this explains why these materials absorb heat when
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Table 3. Statistical results obtained from the segmentation method.

Municipalities Max_ T Min_T Mean_T d&e?/?;?gg H elarL]t :<SI n"f:?ds SurifnacKenl;rzesw Vegeitra]ILo r?]zc over

1 AIN CHOCK 306.766 290.213  296.568 2.813 7.9587 6.21 6.6798
2 AIN HARROUDA 310.646 288.709  295.849 2.907 4.4874 2.0259 3.2958
3 AIN SEBAA 311.285 291.958 301.214 3.055 2.106 2.6154 2.3166
4 AL FIDA 310.005 292.566  300.907 1.886 0.4437 0.4311 0.5337
5 ANFA 304.795 291.949  297.599 2.573 1.6092 2.4165 1.9314
6 ASSOUKHOUR ASSAWDA 306.111 292.831  300.695 2.804 0.6264 1.3635 1.1475
7 BEN MSICK 303.468 293.562 300.254 1.973 0.0828 0.4869 0.4239
8 BOUSKOURA 310.005 288.051 294.285 2423 18.7542 8.4618 17.0289
9 DAR BOUAZZA 309.362 288.709  296.209 2.654 19.8729 15.12 20.6118
10 EL MAARIF 306.766 292.264  298.528 2.127 1.5867 2.6946 1.6983
11 HAY HASSANI 304.795 288.83  297.684 2.689 3.6882 5.5215 4.8834
12 HAY MOHAMMADI 306.111 294.522  301.231 1.926 0.5661 0.6201 0.6246
13 LAHRAOUYINE 305.454 288.709 295.611 3.047 4.0563 1.5606 2.9088
14 MECHOUAR DE CASABLANCA 304.133 293.645 299.992 1.807 0.0495 0.054 0.0531
15 MEDIOUNA 306.111 290.541 296.423 2.649 0.3042 0.3618 0.3672
16 MERS SULTAN 306.766 293.239  300.984 1.963 0.3213 0.4617 0.5166
17 MOULAY RACHID 304.795 291.611 298.982 2.109 0.7272 1.1331 1.0431
18 NOUACEUR 308.069 286.697 294.835 2.602 7.5042 3.9744 7.0956
19 SBATA 308.0609 292.19  297.555 3.039 1.2069 1.4832 1.5192
20 SIDI BELYOUT 307.419 291.958 300.582 2.708 1.5525 1.0917 1.1232
21 SIDI BERNOUSSI 309.362 292279  300.353 3.236 2.3553 2.0151 2.1906
22 SIDI MOUMEN 308.716 291.001 297.887 3.266 3.4038 4.5585 4.4721
23 SIDI OTHMANE 306.766 292.373  299.179 2.681 0.5751 1.2942 1.0998
24 TIT MELLIL 303.468 290.206 294.559 2.261 1.422 0.9684 1.4067

Correlation graph bute to the emergence of heat islands in the region of Ca-

y=1.449x — 0.501 sablanca as the case of the heat generated by human ac-

:5 30 R:= 0011 tivities, for example the heat generated by transport, by

p R - =~ commercial activitie§ and by indust.rial~ activities. This lg-

5 <& st cause anthropogenic contributes significantly to the emi-

§ 10 ssion of greenhouse gases, which will spoof the problem

8 0 : : I : of glol?al warming and reducing the height of annual pre-

8 cipitation.
o -10 o 5 10 15 20 All of these cases cited previously accentuates the fact
> that the city of Casablanca and more generally the Mo-

Surface fresh in Km?

Figure 6. Correlation graph between vegetation cover and
the surface fresh.

they are exposed to sunlight. Other causes shall enter into
issues such as the morphology of the city which refers to
the three-dimensional shape, urban development at the
expense of green space that have an important role in the
loss of the humidity and the loss of water available for
vegetation, this will cause a decrease in evaporation in
the city. In addition, other anthropogenic sources contri-
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roccan cities will have to face climate change, the thing
that will cause detrimental problems not only to the phe-
nomenon of global warming and the emergence of heat
islands but also the appearance of the impacts that threa-
ten the Moroccan cities such as floods, decrease in water
resources and coastal vulnerability.

Moreover, the aggravation of this fact, heat islands, can
lead to a deterioration of public health and particularly
older people and the worsening of some diseases that al-
ready exist such as cardiovascular, neurological and re-
spiratory diseases and sometimes it can even lead to heat
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stroke citing the case the heat wave in France that has
caused more than 15,000 deaths.

It appears clear therefore that it is very important to fi-
ght against the phenomenon of formation of urban heat
islands and think prospectively in 2030 and even up be-
yond to adapt the cities to climate change.

Ecologically the greening of the city and the creation
of woodlands are the principal techniques for mitigating
this fact and they contribute greatly to the reduction of
harmful problems associated to public health. We have
proved in this study the impact of vegetation on the coo-
ling of urban surfaces and according to the regression
analysis the correlation coefficient was 0.911. Hence the
status legislates to launch action plans and policies for a
green vision contributing to fight against this phenome-
non.
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