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Figura 40. Imatge resultant del coeficient de determinacio (r2) de la comparacié d’NDVI entre
els sensors MODIS i PROBA-V.

S'observa en la Figura 40 com en la zona superior de la imatge, els sensors es
comporten de diferent manera i per tant no hi ha correlacid. La forma que adopten les
franges blaves, és singular i sembla que siguin originades a causa d’algun tipus de
“soroll” del sensor MODIS. En fer la comparacié es detecten moltes variacions, per
tant, no hi ha correlaci6 en aquestes zones. Com en la comparacié anterior i en
aquesta s’ha pogut observar que el sensor que es repeteix en I'analisi és el MODIS, se
suposa que és aquest el sensor que esta afectat i que té “soroll” en les seves imatges.
Tampoc hi ha correlacié en les zones on hi ha aigua i sol nu. En canvi en zones on hi
ha sempre el mateix tipus de vegetacio dispersa, abundant o densa, durant el periode

de temps d’estudi, la correlacio és alta.

La imatge resultant t¢ més tons vermells i ataronjats que blaus, aixo vol dir que el
resultat de la comparacio diu que hi ha una correlacié moderada entre les imatges dels
sensors MODIS i PROBA-V. S’ha definit com en el cas anterior que el valor del llindar
gue dictamina si la correlacio és alta o baixa sigui 0,7 i tots els valors del coeficient de
determinacié que van de 0,7 fins a 1 indiquen I'existéncia d’'una correlacio forta. El
resultat que s’ha obtingut és que un 67,77 % de la superfice estudiada és considerada

de molt alta correlacio.
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- Comparativa entre els sensors SPOT-VEGETATION i PROBA-V

Per poder fer la comparativa s’ha pres com a variable independent la série d’imatges
del sensor PROBA-V i com a variable dependent la série d'imatges del sensor SPOT-
VEGETATION.
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Figura 41. Imatge resultant del coeficient de determinacié (r2) de la comparacié d’NDVI entre
els sensors SPOT-VEGETATION i PROBA-V.

En la Figura 41 les zones superiors de la imatge, els sensors es comporten de la
mateixa manera i ja no apareixen les franges horitzontals, per tant s’ha comprovat que
el “soroll” esmentat anteriorment provenia de les imatges generades pel sensor
MODIS. En aquesta comparacié no hi ha cap tipus de “soroll” a diferéncia del que ha

succeit en les anteriors comparacions.

No hi ha correlacio en les zones d’aigua ni en les zones on el detall determina canvis
importants en la vegetacio, que només son detectats pel sensor que té més resolucio
espacial. En canvi en zones on hi ha gairebé sempre el mateix tipus de vegetacio la
correlacio és alta perque no hi ha grans canvis en el valor d’'NDVI.
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La imatge resultant t¢ més tons vermells i ataronjats que blaus, aixo vol dir que el
resultat de la comparacié demostra que hi ha una correlacié positiva entre les imatges
del sensors SPOT-VEGETATION i PROBA-V. S’ha definit que el valor del llindar que
dictamina si la correlacio es alta o baixa sigui el mateix valor anterior de 0,7 i que tots
els valors del coeficient de determinaci6 que van de 0,7 fins a 1 indiquen una
correlacié forta. El resultat que s’ha obtingut és que un 80,45 % de la superficie

estudiada és considerada de molt alta correlacio.

En la Taula 14 s’observen els percentatges de superficie correlacionada que s’han

recollit en les comparacions anteriors entre els tres sensors.

MODIS- MODIS- SPOT-
SPOT PROBA PROBA
77,94% 67,77% 80,45%

Taula 14. Percentatges de superficie correlacionada dels sensors MODIS, SPOT-
VEGETATION i PROBA-V.

6.3.- Estudi del problema amb les imatges del sensor MODIS.

En les comparacions d'NDVI mensuals anteriors entre els diferents sensors s’han
detectat algunes alteracions en forma de franges horitzontals que apareixen en la zona
superior on no hi ha vegetacio de les imatges MODIS (Figura 42). En aquest apartat

s’ha intentat esbrinar i analitzar a que és degut aquest “soroll”.
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Figura 42. Imatge NDVI MODIS del 01/01/2014.

Per esbrinar que és el que li succeeix a les imatges MODIS, s’ha investigat i aprofundit
una mica més en la matéria. Per determinar la causa del “soroll” de les imatges no
serveix la informacio de les metadades de les imatges, ja que , aquestes nomeés
resumeixen en termes generals les dades a nivell d’arxiu. Cal consultar informacié més

que a nivell d’arxiu, és a dir, a nivell de pixel.

S’han analitzat i interpretat dues capes que ofereixen les imatges MODIS. Aquestes
capes son un conjunt de dades cientifiques del control de qualitat que informen de les
condicions de qualitat a nivell de pixel dels indexs de vegetacioé de les imatges. Les
capes s’anomenen “VI Quality” i “Pixel Realiability QA”.( MODIS Land Products Quality
Assurance, 2013).
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6.3.1.- Fiabilitat del control de qualitat del pixel

La capa (Pixel Realiability QA) Fiabilitat del control de qualitat del pixel informa de la
qualitat a nivell de pixel, resumeix en general la fiabilitat del control de qualitat dels
pixels de la imatge. Es poden interpretar directament les diferéncies en la qualitat dels
pixels, per tant, no es requereix postproces.

Per a la correcta interpretacio de les imatges es mostra en la Taula 15 el rang de
valors possibles dels pixels amb el seu significat.

Rang de la fiabilitat
del pixel

Resum del control de
qualitat

Descripcio

-1 No hi ha dades No processat
0 Dades bones Utilitzar amb confianca
Util pero consultar informacié d'altres control de
Dades dels marges | qualitat
Neu o gel Objectiu cobert amb neu o gel
Nuvolat Objectiu no visible cobert amb nudvols
Basat en les seéries historigues de temps de
4 Estimat MODIS . Indica si el valor

es interpolat a partir de les mesures a llarg
termini 0 no

Taula 15. Informaci6 de la capa Fiabilitat del control de qualitat del pixel (Pixel Realiability QA).
Font: MODIS Land Products Quality Assurance.

- Interpretacié de la capa Pixel Realibiability QA ( Fiabilitat del control de qualitat

del pixel).

S’han descarregat les capes “Pixel Realibiability QA” de les imatges MODIS amb que
s’ha treballat i s’han obert amb el programa ArcGIS per interpretar-les i el resultat es

mostra en la Figura 43.
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Figura 43. Capa Fiabilitat del control de qualitat del pixel (Pixel Realibiability QA).

Les zones de color marré s6n zones on no hi ha dades, es tracta de zones que no
s’han processat. Les zones de color groc sén zones on les dades son bones i es
poden utilitzar amb confianga. Les zones de color verd son zones on les dades son
marginals, aixd vol dir que son Uutils perd que s’han de consultar altres controls de

qualitat.

6.3.2.- VI Qualitat

La capa VI Qualitat (VI Quality) informa de la qualitat a nivell de pixel i per poder
interpretar-la es requereix de postproces. Per a la correcta interpretacié dels pixels de
les imatges es necessita una eina que converteixi els valors dels pixels en format

decimal a valors en format binari. Els niameros binaris a convertir sén caracters enters
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sense signe de 16 bits i dins d’'un rang de 0 fins a 65535. La cadena de bits binaria

s’analitza de dreta a esquerra, i els bits individuals dins d’'un camp de bits es llegeixen
d’esquerra a dreta.( MODIS Land Products Quality Assurance, 2013).

Bits individuals ——

0[0[001|0[0]O0O]O1]0001]|00

-
=<

Cadena de Bits

A la cadena de bits se’ls assigna uns indicadors de qualitat, tal com es mostra en la

Taula 16.
Bit
N° de Bit | Parametre individual Interpretacio
0-1 VI Qualitat 00 Produit amb bona qualitat
Produit perd comprovar un altre control de
01 qualitat
10 Produit probablement nuvolat
11 No produit degut a altres raons
2-5 VI Utilitat 0000 Major qualitat
0001 Inferior qualitat
0010 Qualitat decreixent
0100 Qualitat decreixent
1000 Qualitat decreixent
1001 Qualitat decreixent
1010 Qualitat decreixent
1100 Menor qualitat
1101 Qualitat baixa, no util
1110 Dades defectuoses
1111 No util per altres raons
6-7 Quantitat d'aerosol 00 Climatologia
01 Baix
10 Mig
11 Alt
Nuvols adjacents
8 detectats 0 No
1 Si
9 Correcci6é atmosférica |0 No
1 Si
10 Barreja de nuvols 0 No
1 Si
Mascara d'aigua i
11-13 terra 000 Superficie oceanica
001 Terra
010 Costes d'oceans i llacs
011 Aigues continentals
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100 Aiglies continentals
101 Costes d'oceans i llacs
110 Ocea moderat o continental
111 Ocea profund
14 Possible neu o gel 0 No
1 Si
15 Possible ombra 0 No
1 Si

Taula 16. VI Qualitat (VI Quality).

Font: MODIS Land Products Quality Assurance.

- Postprocessat de la capa VI Qualitat (VI Quality).

S’han descarregat les capes VI Qualitat (Figura 44) de les imatges MODIS amb queée

s’ha treballat i s’han obert amb el programa ArcGIS per analitzar-les i interpretar-les.
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Figura 44. Capa VI Qualitat (VI Quality).
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S’ha obert el convertidor de valors decimals a binaris i s’han introduit els valors dels

pixels que se sospita que puguin ser originaris del “soroll” de les imatges. Aquests

pixels s’han indicat en la imatge amb dos cercles vermells. Uns pixels estan situats en

la part superior de la imatge amb un color més fosc en fons més clar i que adopten

forma de barres o franges horitzontals. Aquests pixels tenen un valor de 2065. Uns

altres pixels que també s’han analitzat han estat els situats en la part inferior de la

imatge amb un color més clar sobre un fons més fosc, que adopten forma de columnes

verticals. Aquests pixels tenen un valor de 2120. El resultat de la conversio ha estat el

seguent:

2065=0| 0| 001| 0| 0| 0] 00| 0100 | 01
2120=0| 0| 001| 0] 0] 0] 01] 0010 | 00

En la Taula 17 s’interpreta el valor dels pixels 2065.

N° de Bit |Parametre B 't. . Interpretacio
individual
0-1 VI Qualitat o1 Proo!wt perd comprovar un altre control de
qualitat
2-5 VI Utilitat 0100 Qualitat decreixent
6-7 Quantitat d'aerosol 00 Climatologia
8 Navols adjacents 0 No
detectats
9 Correcci6 atmosférica |0 No
10 Barreja de navols 0 No
11-13 Mascara d'aigua i 001 Terra
terra
14 Possible neu o gel 0 No
15 Possible ombra 0 No

Taula 17. Interpretacio del valor dels pixels 2065.

Aquests pixels s’han de comprovar en un altre control de qualitat, la qualitat és forca

baixa i la quantitat d’aerosol és la normal segons la climatologia de la zona.

En la Taula 18 s’interpreta el valor dels pixel 2120.

N° de Bit Parametre B [ Interpretacié
individual
0-1 VI Qualitat 00 Prod_wt amb bona
qualitat
2-5 VI Utilitat 0010 Quialitat decreixent
6-7 Quantitat d'aerosol 01 Baix
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9 Correcci6 atmosférica 0 No
10 Barreja de nivols 0 No
11-13 Mascara d'aigua i terra 001 Terra
14 Possible neu o gel 0 No
15 Possible ombra 0 No

Taula 18. Interpretacio del valor dels pixels 2120.

Aquests pixels s’han produit correctament, per a la seva utilitzaci6 sén de baixa

qualitat i la quantitat d’aerosol és baixa.

Certament no s’acaba d’esbrinar que és el que li succeeix a les imatges MODIS. De
totes maneres les variacions entre els valors numeérics d’'NDVI de les franges
horitzontals que s’han anomenat “soroll” sén molt petites d’aproximadament 0,01.
Aquestes franges només se situen en la part mitjana i superior de la imatge, per tant,
no afecta la zona on hi ha vegetacio6 i es podria tractar d’'un tema de quantitat d’aerosol
tipic del clima de la zona del llac Txad, encara que, segons aquest estudi sembla que
no. Les quantitats d’aerosol interessa que siguin baixes perqué aixi en les imatges

satél-lit no hi ha pérdues d’informacio per interferéncia d’aquests.

6.3.3.- Aerosols

L’Aerosol és un conjunt de particules solides o liquides suspeses en un gas. El terme
aerosol es refereix tant a les particules com al gas en el qual les particules estan
suspeses. La mida de les particules pot ser de 0,002 a més de 100 micres. La
generaci6 d'aerosols pot ser d'origen natural o deguda a l'activitat humana. Algunes
particules es donen de manera natural, les cendres volcaniques, les tempestes de
pols, els incendis forestals i la polvoritzacié d'aigua marina. Les activitats humanes,
com la crema de combustibles i l'alteracié de la superficie terrestre també generen
aerosols. Les pols minerals s6n aerosols atmosférics originats per la l'erosié de
I'escorca terrestre i la seva posterior dispersio en l'aire. Les emissions de pols minerals
a nivell mundial s'estimen en 1000-5000 milions de tones per any, 2 de les quals la
major part s'atribueix als deserts. El desert del Sahara és la principal font de pols
mineral, que és dispersat en el mar Mediterrani i el Carib cap al nord d'’Ameérica del

Sud, América Central, Ameérica del Nord i Europa. (Voiland i Simmon, 2010).

En general, com més petita i lleugera sigui una particula, més temps es quedara

suspesa en laire. Les particules més grans de més de 10 micres de diametre
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tendeixen a caure per gravetat en questi6 d'hores, mentre que les particules més
petites de menys d'1 micra de diametre poden romandre en l'atmosfera durant

setmanes i majoritariament s'eliminen per les precipitacions.

Depenen de la quantitat i del tipus d’aerosol, pot tenir efectes d’absorcio i dispersio de
la radiacié en determinades bandes del espectre electromagnétic inclis emissio per la

seva temperatura en la banda de l'infraroig térmic. (SIGMUR, 2006).

En 'Annex 3 es mostra una série d'imatges d’aerosol en la zona d’estudi.

Existeixen problemes residuals amb els navols i aerosols en el producte final MODIS.
L’equip de reflectancia de la superficie MODIS ha arribat a la conclusié de que la
correccié d’aerosol no és molt efectiva sobre carregues pesades i mitjanes d’aerosols,
i molt pobre quan s’utilitzen dades de climatologia. S’han fet modificacions en el
procediment de filtratge de dades amb la finalitat de reduir la recollida de dades
problematiques. (Kamel Didan, Alfredo Huete, 2006).

En la Figura 45 s’observa en la imatge de I'esquerra com té problemes relacionats
amb l'aerosol i s’observa franges i ratlles horitzontals. En la imatge de la dreta es
redueix al minim aquests problemes gracies al resultat d’'una correccié d’aerosol que

millora el nivell de reflectancia de la superficie i a un nou esquema de filtratge.

Figura 45. Imatge amb problemes d’aerosol i corregida.
Font: MODIS Vegetation Index Product Series, La Universidad d’Arizona.






Estudi de I'evoluci6 de la vegetacio en la zona del llac Txad amb imatges SPOT, MODIS i PROBA- 73

Capitol 7 Conclusions

Actualment gracies al desenvolupament tecnologic s’ha pogut fer Us de la teledeteccio
en infinitat d’ambits i amb moltes possibilitats. En aquest treball s’ha plasmat per
I'estudi en concret de la coberta vegetal, que ha permés identificar i estudiar la
tendéncia de la seva evolucié durant un periode de 13 anys. També ha permes
realitzar una comparacioé entre els sensors utilitzats. Tot aixd s’ha pogut efectuar
gracies a les imatges amb les quals s’ha treballat que han complit els objectius

plantejats inicialment.

Es important tenir en compte tot el procés que s’ha seguit des de la descarrega
d’'imatges fins a la seva utilitzacié; canvis de format, canvis de resolucié temporal,
modificacions de metadades de les imatges PROBA-V, retalls i adaptacions de les
imatges. En tot I'apartat de preprocessat de les imatges s’ha treballat amb diversos
programes per acabar reunint totes les eines necessaries per a la realitzacié de

I'estudi.

El processat de les imatges ha permés extreure dades que han sigut utilitzades tant
per I'estudi de la tendéncia de I'evolucié de la coberta vegetal de la zona del llac Txad
com per a la comparacio entre les séries temporals generades pels diferents sensors.

La comparacié de les séries temporals anuals entre els sensors MODIS i SPOT-
VEGETATION des de I'any 2000 fins al 2013 a permés observar clarament les zones
on hi ha hagut canvis tant d’augment com de disminucié de la vegetacié. Les
tendéncies d’'NDVI per ambdds sensors és ascendent, encara que el sensor SPOT-
VEGETATION és el que detecta un creixement meés fort. Tot i aixd 'augment detectat
dels valors d’NDVI en aquests 13 anys pels dos sensors és molt similar amb una
diferéncia de creixement de vegetacio petita. Les diferencies d’'NDVI detectades entre
les séries temporals generades pels dos sensors sOn notories. Les zones on la
correlacio és alta, es tracta de zones on el tipus de vegetacié no varia durant tot I'any i
també sén zones de gran superficie de sol nu. Les zones on la correlacié és baixa,
solen ser zones on apareix aigua o zones on hi ha canvis molt forts d’'NDVI en petites
superficies. El resultat ha estat que tan sols un 48,62 % de la superficie estudiada s’ha

considerat de molt alta correlacio.

La comparacioé de les séries temporals mensuals entre els sensors MODIS, SPOT-
VEGETAION i PROBA-V ha estat des del novembre de l'any 2013 fins al maig del
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2014. Les diferencies d’'NDVI detectades entre les séries temporals generades pels
tres sensors s6n menors que en l'anterior comparacié, ja que, els resultats de
correlacio sén meés elevats. Entre els sensors MODIS i SPOT-VEGETATION la
superficie molt correlacionada és del 77,94 %, entre els sensors MODIS i PROBA-V és
del 67,77 % i entre els sensors SPOT-VEGETATION i PROBA-V és del 80,45%.
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Annex n°l. Mapes amb els diferents usos del sol que hi ha en la zona d’estudi
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Annex n°2. Série d’imatges que corresponen a I’evolucié de I'index de vegetacio
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Annex n°3. Série d’imatges d’aerosols en la zona d’estudi
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Annex n°3. Serie d’imatges d’aerosols en la zona d’estudi.
Font: Notaspampeanas.
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Annex n°3. Serie d’imatges d’aerosols en la zona d’estudi.
Font: Nasa, Earth Observatory.
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Annex n°4. Traduccié d’una part de la memoria a la tercera llengua

Summary

This work examines the evolution of the vegetation in the area of Lake Chad from 2000
to 2013 by means of analysis of time series of images of normalized difference
vegetation index (NDVI) of sensors MODIS, and SPOT-VEGETATION and PROBA-V;
and comparing the results obtained between them.

Chad Lake is an African lake that is situated on the border between Chad, Niger,
Nigeria and Cameroon. It is the fourth largest lake in Africa but it is currently threatened
and may disappear. It has suffered a decline of extension along the time and 15 million

people who live around depend on it.

Thanks to the many existing remote sensing techniques, you can get a lot of useful
information to carry out monitoring of the Earth's surface and study various phenomena
that affect it. Monitoring the state of the vegetation cover and identify the trend is
important to plan strategies for its conservation. Comparing the three sensors which

are used shows the differences between them and how the results vary.

From NDVI images from different sensors and using a methodology that is explained in
this work, it has been generated different graphs on the trend of vegetation which have
been compared to each other. It is observed that the evolution of the vegetation on the
Lake Chad area is positive. Also, it has been compared the results of NDVI obtained
with different sensors and analyzing the degree of correlation between them it has
been possible to appreciate the differences.


file:///G:/PROJECTE_FINAL_DE_CARRERA/FINAL%20ENTREGA/CORREGINT%20GRAU%20EN%20ENGINYERIA%20GEOMÀTICA%20I%20TOPOGRAFIA.docx%23_Toc422777820
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Chapter 1  Introduction

1.1 Introduction

Lake Chad is the fourth largest lake of Africa between the West and Africa Center. It is
fed mainly by the rivers Chari and Logone. For various reasons the lake is
disappearing along the time, being the main cause the desertification of the Sahara
desert and the uptake of water for irrigation of crops from neighboring villages. In 1960
the water surface was 26,000 km?, but after 46 years, in 2006, the water surface was
only 900 km?.

The study of this work is based on see how evolves the vegetation of the Lake Chad
area from the satellite image sensors MODIS, SPOT-VEGETATION and PROBA-V
and comparing between them. To see how evolves the vegetation of Lake Chad area it
has been worked with satellite image sensors MODIS and SPOT-VEGETATION during
the elapsed time from 2000 to 2013; and from November 2013 until May 2014 a part
from working with the before sensors it has worked with images of PROBA-V sensor.

The greenness of vegetation indicates the health and integrity of the vegetation cover.
To measure it has been used the normalized difference vegetation index (NDVI), which
is based on the spectral response of the vegetation in the red and near infrared bands.
These data are gathered by remote sensors and this information provides images

where each pixel contains information from the reflectance registered.

Monitoring the changes that occur in the vegetation cover indicate the health of the
ecosystem. To monitor these changes it is analyzed a series of temporal images

captured by satellite in order to find trends in NDVI.

The comparison between the sensors is made by analyzing the series of images which

have generated each one and examining the relationships between them.

This work defines the evolution of vegetation growing and the comparing the results of

the three sensors under consideration.



Study of the evolution of vegetation in the area of Lake Chad with images SPOT, MODIS and PROBA-V94

1.2 Historical Background

The amount of the Lake Chad water has decreased with the passage of time due to
desertification caused by the proximity of the Sahara desert, the reduction in rainfall
and the water used for harvesting for irrigation of crops and other uses of the lake and

neighboring villages of the rivers that flow into it.

When it was discovered by Europeans in 1823 was one of the largest lakes in the world
but has fallen considerably since then. The growing demand of water has accelerated
its degeneration in the last forty years. By the 1960s the area covered by its waters
was 26,000 km?, by 2000 its size had been reduced to less than 1,500 km? and in 2006
was only 900 km?. This evolution is shown in Figure 1 (Fernando, 2007).

1973 1987 1997 2007

Figure 1. Evolution of Lake Chad with the passage of time.
Source: Hispagua, transfers in Africa.

The lake provides shelter to 120 species of fish and 372 types of birds and it is
strategic for global biodiversity, but is threatened to disappear. The continued descend
of local water level, crop failures, death of livestock, the collapse of fisheries services
are caused by the variability of the hydrological cycles of the rivers that feed the lake,
rainfall patterns in the region, low levels of awareness about environmental issues and
the absence of sustainable development in political programs. The economic
consequences are food insecurity and precariousness of the population health, which
affects to more than 15 million people (Project analysis of the basin of Lake Chad,
2007).

- Lake Megachad
In the past, the basin of the Lake Chad, contained a giant lake known as "Lake

Megachad" with an area of approximately 361,000 km? as shown in Figure 5. At its

peak of maximum surface was feed by a series of large river systems which come from
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several mountains in the area. The Megalake theory was supported by the

interpretation of the topography of the Lake Chad basin using digital elevation models

as shown in Figure 2 (King's College London, 2015).

<160 m

Figure 2 Location and size of the lake "Megatxad." Digital elevation model of the lake area
"Megachad."
Source: King's College London.

1.3 Objectives

One of the main goal of this work is a study of the variation of NDVI to determine how
evolves the area of Lake Chad from 2000 until 2013. In order to carry out it has been
used images sensors MODIS and SPOT-VEGETATION.

The other main objective is to carry out a comparative study between the sensors
MODIS, SPOT-VEGETATION and PROVA-V to determine the differences between
their results. It has been compared the series of NDVI images which were generated

each of them from November 2013 until May 2014.

1.4.- Study area

Chad Lake is a lake that is located on the border between Chad, Niger, Nigeria and
Cameroon, in Africa. It is a shallow lake with an average depth of 1,5 m and a relatively
small volume. It is located at an altitude of 280 meters above sea level. This lake does
not loose significant quantities of water neither from surface usage nor for infiltration,
and all the water that collects in the basin evaporates on the surface. The basin
drainage Lake Chad area is the largest in Africa, it is in the central and western of
Africa, between 6 ° and 24 ° north latitude and between 8 ° and 24 ° east longitude.
Figure 3 shows the member countries of the Lake Chad, while Figure 4 shows the Lake
Chad basin (Project Analysis of the Lake Chad, 2007).
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Lake Chad basin

- Lake Chad basin membre states,

‘ Lake Chad basin possible membre states

Others African states
1000 K

Figure 3. Member countries of the Lake Chad basin.
Source: Project analysis of the Lake Chad basin of the federal Ministry of the environment.

Chad River Basin

Figure 4. Lake Chad Basin.
Source: Hidrojing, major watersheds.

Lake Chad is the fourth largest lake of Africa and the largest in Western and Central
Africa. It is fed by the rivers Logone and Chari, which has its origins in the Central
African Republic and provide around 95% of the water supply from the lake and it is fed
as well by the Komadugu and Yobe rivers that has its origins in northern Nigeria,
contributing insignificantly to the basin, but they are very important for the local wetland
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areas north of the lake. In Figure 5 shows the hydrographic network Lake (Project
analysis of the Lake Chad, 2007).

The big Lake Chad « Villages
Lake in 2002 ~ Borders
Niger

L3
Nigeria ‘w
¥

~

Cameroun "Gla
4. B
d S‘
| ‘o %
a\' o, b
Ngalahesf o e I ‘bﬁ’/

Figure 5. Lake Chad basin network.
Source: Google.

The Lake Chad basin is mainly characterized by the presence of wetlands in arid
regions. The arid degree varies from desert to savannah. Human communities and

wildlife population is concentrated in humid regions.

The current lake basin covers an area of 967.000 km2. The land area inside Chad
Basin is 34% of the total area of the basin that means it has 361.980 km?, Cameroon
6% (56.800 km?), Niger 17% (162.375 km?) Nigeria 19% (188.000 km?) and Central
African Republic 22% (197.800 km?). In Table 1 are the percentages of area occupied
different countries within the Lake Chad (Project Analysis of the Lake Chad, 2007).

State Part of the basin P_art of the_ Part of the country
(km2) conventional basin (%) (%)

Cameroon 56.800 6 12,12

Niger 162.375 17 12,7

Nigeria 188.000 19 22,15

Chad 361.980 36 28,42

R.C.A 197.800 22 31,75

Total 967.000 100 -

Table 1. Areas and percentages of the lake and African countries related to Lake Chad
Source: Project analysis of the Lake Chad basin of the federal Ministry of the environment.
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Chapter 2 Introduction to Remote Sensing

Remote sensing is the science and the set of techniques that allow obtaining
information on the properties of an object at a certain distance from the observer
without coming into physical contact with it. It is done by detecting and recording the
energy reflected or emitted of the object and processing, analyzing and applying this

information. (Carol Puig, 2013).
- Difference between sensor and platform:

Platform is the satellite or plane that transports the equipment necessary to capture,

store and transmit images at a distance.

A sensor is the device that meets the necessary technology to capture images
remotely and is transported on a platform. It can capture information for different
regions of the electromagnetic spectrum and each of these regions is called channel or
band.

- Orbit type:

The polar orbit or sun-synchronous is a retrograde orbit almost polar with a tilt angle of
about 98 degrees where satellites pass at the same time and at the same place at
regular intervals. The satellites orbit 14 laps to Earth a day, so every 100 minutes does

a lap, and they are located at an altitude of about 800 km.

The equatorial orbit or geosynchronous orbit is located in the plane of the equator and
circular in which the satellites are located in front of the same area of the Earth at an

altitude of about 36.000 km. The satellites with this orbit give one lap to Earth a day.
Figure 6 shows the sun-synchronous orbit and geostationary.
<> /-dm"m
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Figure 6. Sun-synchronous orbit on the right and geostationary orbit on the left.
Source: Introduction to Remote Sensing Project, Carol Puig.
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- Sensor Type:

The passive sensors are limited to collect energy from the covers, reflected or emitted.

The active sensors are based on the emission of its own energy beam that is reflected

on the covers and back to the sensor.

- Remote sensing process:

The process of remote sensing involves an interaction between several factors. An

example of this process with the usage of capturing systems of images can be seen in
Figure 7 (Dr. Manuel Arbelo, 2000).
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Figure 7. Process of remote sensing with the use of image capture systems.
Source: Introduction to Remote Sensing, Dr. Manuel Arbelo.

A- Energy source or lighting: The first requirement on remote sensing is to have an
energy source that illuminates or supply electromagnetic energy the object of interest.
B- Radiation and atmosphere. Do to the energy travels from the source to the object,
there will get in contact and interact with the atmosphere. This interaction occurs a
second time when the energy travels from the object to the sensor.

C- Interaction with the object. The energy interacts with the object depending on the
properties of it and of the incident radiation.

D- Energy detection by the sensor. It is necessary a sensor to collect and record the

electromagnetic radiation emitted or reflected by the object and the atmosphere.
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E Transmission, reception and processing. The energy recorded by the sensor has to
be transmitted, usually electronically to a receiving and processing station where the
data is converted to digital images.

F- Interpretation and analysis. The processed image is interpreted, visually and / or
digitally, to extract information about the object that was illuminated or emitted
radiation.

G Application. The final step of the remote sensing process is achieved at the moment
is applied information extracted from the images of the object for a greater
understanding of it, revealing new information or helping to solve a particular problem.

- Electromagnetic spectrum:

Most of the remote sensing devices make use of electromagnetic energy as shows
Figure 8. However, the electromagnetic spectrum is very broad and not all wavelengths
are equally effective for purposes of remote sensing. In addition, not all have significant

interactions with the materials of the earth's surface.
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Figure 8. Electromagnetic spectrum.
Source: Scale of electromagnetic radiation, physics Guide 2000.

The visible spectrum includes wavelengths between 0,4 and 0,7 uym and receives its
name because is the only electromagnetic radiation perceptible for the human eye. It is
divided into three bands which are blue between 0,4 and 0,5 um, green between 0,5
and 0,6 ym and red between 0.6 and 0.7 pm.

The near infrared comprises wavelengths between 0,7 and 1,3 pym and is mainly

applied to discriminate vegetable masses and moisture concentrations.
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The mid-infrared comprises wavelengths between 1,3 and 8 pym and is used to
estimate the moisture content in the vegetation and identify the source of high
temperature.

The far infrared or thermal comprises wavelengths between 8 and 14 ym to allow the
detection of heat coming from most of the land covers.

Microwaves are wavelengths from 1 cm onwards and is of great interest due to it is

transparent to the cloud cover (Carol Puig, 2013).

- Different types of sensor resolutions:

The spatial resolution is the size above of the field of the minimum unit of information in
an image which is called pixel; therefore will be discriminated above of the image
elements which its size is larger than or equal to the pixel. Depending on the type of
sensor you can have better or worse resolution. The smaller the pixel, the more detalil

has the image, more resolution and better quality.

The spectral resolution determines the number and width of spectral bands that can
discriminate the sensor, which will be better as many bands it would provide due to it
will facilitate the spectral characterization of the different covers. In addition, these
bands should be as narrow as possible to be able to collect signal on coherent regions
of the spectrum due to that wide bands supposes to register values that hinder the

differentiation between covers.

Radiometric resolution refers to sensor sensitivity, that is, its ability to detect variations
in the spectral radiance received and, as the before ones, the larger, the better able to
interpret the image that contain many more digital color levels. This is the number of
bits that stores the pixel.

The temporal resolution refers to the frequency of coverage which is provided by the
sensor. It is the regularity in which it takes images of the same portion of the earth
surface, so it depends on the orbital characteristics of the platform, that is, the height,
the speed and the tilt. (Carol Puig, 2013).
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Chapter 3 Description of the used data

3.1 MODIS sensor

The MODIS sensor is on board the Terra satellites which was launched in December
1999 (Figure 9) and Aqua which was launched in May 2002. The orbit of both platforms
is sun-synchronous and almost polar with a tilt of 98.2 ° and 98 ° and with an average
altitude of 708 and 705 km respectively (NASA, 2015).

Figure 9. Terra satellite.
Source: Google.

The Terra satellite is programed to go from north to south across the equator at 10:30
am inside its orbit descending while Aqua passes south to north over the equator at
1:30 pm. The first images taken by Terra were obtained in February 2000. The two

platforms monitored the entire Earth's surface every 1 or 2 days depending on latitude.

The MODIS instrument has a high radiometric sensitivity of 12 bits in 36 spectral bands
in a range of wavelengths that goes from 0,4 ym to 14,4 ym. The first 19 bands are
positioned in the region of the electromagnetic spectrum between 0,405 ym and 2,155
pm. From the band one up to seven they are useful for terrestrial applications, from the
band 8 up to 16 for ocean observations, and from the 17 up to 19 for atmospheric
measurements. From the band 20 up to 36, covers the thermal infrared portion of the
electromagnetic spectrum between 3,660 ym and 14,385 um. Two bands are taken at

a resolution of 250m, five bands at 500m and the 29 remaining bands at 1km.

The MODIS sensor is an explorer sweep. It has a movable mirror that oscillates
perpendicularly to the direction of the trajectory with an angle of + 55 ° which allows

you to explore a strip of land on either side of the trace of a satellite of 2.330 km wide.
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The optical system is an telescope with two mirrors outside its focal axis that addresses
the incident radiation to four optical systems reflectors, one for each spectral region
(visible, near infrared, middle and thermal).Table 2 shows some specifications of the
MODIS sensor (NASA, 2015).

Orbit Altitude: 708 km (Terra) and 705 km (Aqua), passing the equator
at 10:30 am descending node (Terra) and 1:30 pm ascending
node (Aqua). Sun-Synchronous, near-polar, circular.

Scan Rate 20.3 rpm, perpendicular to the orbit

Swath Dimensions 2.330 km (perpendicular) by 10 km (along the orbit, at nadir)

Telescope 17.78 cm diam

Size 1.0x1.6x1.0m

Weight 228.7 kg

Power 162.5W

Data Rate 10.6 Mbps (peak); 6.1 Mbps (orbital average)

Codification 12 bits

Spatial Resolution 250 m (bands 1-2), 500 m (bands 3-7), 1000 m (bands 8-36)

Lifespan 6 years

Table 2. General specifications MODIS sensor.

Source: Wikipedia.

Table 3 shows each spectral band which has the MODIS sensor and its use. Bands
from 1 to 19 are in nanometers and the bands from 20 to 36 are in micrometers (NASA,
2015).

Primary Use Band |Bandwidth
Limits of

1 620-670
Land/Clouds/Aerosols/

2 841 -876
Proprieties of 3 459 - 479
Land/Cloud/Aerosols

4 545 - 565

5 1230-1250

6 1628 - 1652

7 2105 - 2155
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Color of Ocean /
Phytoplankton/ 8 405 - 420
Biogeochemistry

9 438 - 448
10 483 - 493
11 526 -536
12 546 - 556
13 662 - 672
14 673 - 683
15 743 -753

16 862 - 877

Atmospheric water vapor 17 890 - 920
18 931-941

19 915 -965

Temperature of the
20 3.660 - 3.840
Surface/ Clouds

21 3.929 -3.989
22 3.929 - 3.989
23 4.020 - 4.080

24 4.433 -4.498

Cirrus clouds water vapor 25 4,482 - 4.549

26 1.360-1.390

Clouds properties 27 6.535 - 6.895
28 7.175-7.475

29 8.400 - 8.700

Ozone 30 9.580-9.880

Surface/Clouds Temperature | 31 10.780 - 11.280

32 11.770-12.270
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Clouds Altitude 33 13.185-13.485
34 13.485 -13.785
35 13.785 - 14.085

36 14.085 - 14.385

Table 3.Characteristics of the 36 bands of MODIS sensor.
Source: NASA.

3.1.1.- Products of MODIS sensor

The MOD13Q1 product is a product obtained from MODIS sensor images. It provides
images every 16 days with a spatial resolution of 250m. The use of a composition of 16
days allows us to have better information because, in the images of daily life is more
common the presence of clouds. It is also designed to determine the vegetation
indexes NDVI and EVI. The size of each file is about 270MB and is composed of 12

layers.

Table 4 shows in detail the contents of the product MOD13Q1. (Ramon Solano, Kamel
Didan, Andree Jacob Alfredo Huete, 2004).

Science Data Set Units Data type Valid Range Scale factor
XYZm 16 days NDVI NDVI intl6 -2000, 10000 0.0001
XYZm 16 days EVI EVI intl6 -2000, 10000 0.0001
XYZm 16 days VI Quality detailed QA Bits uintlé 0, 65534 NA
XYZm 16 days red reflectance (Band 1) Reflectance  intl6 0, 10000 0.0001
XYZm 16 days NIR reflectance (Band 2) Reflectance  intlf 0, 10000 0.0001
XY¥Zm 16 days blue reflectance {Band 3) Reflectance  intl6 0, 10000 0.0001
XYZm 16 days MIR reflectance (Band 7) Reflectance intlé 0, 10000 0.0001
XYZm 16 days view zenith angle Degree intlé -9000, 9000 0.01
XYZm 16 days sun zenith angle Degree intlf -9000, 9000 0.01
XYZm 16 days relative azimuth angle Degree intlé -3600, 3600 0.1
XYZm 16 days composite day of the vear Day of year intl6 1. 366 NA
XY¥Zm 16 days pixel reliability summary QA Rank int8 0,3 NA

Table 4. Product Content MOD13Q1.
Source: User Guide MODIS vegetation index, University of Arizona.

3.2 SPOT-VEGETATION sensor

The project SPOT (Systeme Probatoire d’Observation de la Terre) is a French initiative

in collaboration with Belgium and Sweden. SPOT satellites are in an almost polar sun-
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synchronous orbit crossing the equator at 10:30 am (SPOT-VEGETATION Program,
2015).

VEGETATION sensor was incorporated in the SPOT-4 satellite with the aim of doing a
daily monitoring of vegetation cover at regional and global scale where the width of the
image is 2.250 km and with an spatial resolution of 1 km. It has the ability to form at
daily images of the whole Earth. The SPOT-5 (Figure 10) improves the spatial
resolution of the images and adds a new version of the VEGETATION sensor that
improves the dynamic study of vegetal cover.

Figure 10. Satellite SPOT-5.
Source: Google.

The launching date of SPOT-VEGETATION1 was on March 24th 1998 and the SPOT-
VEGETATIONZ2 was on May 4th 2002. Both sensors are at an altitude of approximately
820 km and the images that they generate have 8 bits of radiometric resolution . The
main objectives of the mission "VEGETATION" are to determine parameters of the
Earth's surface, to make monitoring of agricultural production, forestry and pastoral and
the monitoring and modeling of the terrestrial biosphere. It provides accurate
measurements of characteristics of vegetal covers at regional and global scale for long
periods of time. These sensors collect data in four spectral bands. The bands 2 and 3
are used to calculate the normalized difference vegetation index (NDVI). The band 0
(blue) is used strictly for atmospheric corrections (EVI). Table 5 shows spectral
characteristics of sensors VEGETATION1 and 2. (SPOT-VEGETATION Program,
2015).

Spectral Range wavelength | VEGETATION 1 | VEGETATION 2 Range of
bands reflectance
of the

surface

Blue (B0) 0.430-0.470 um | 0.437-0.480 um | 0.438 - 0.475 pm 0.0-0.5

Red (B2) 0.610 - 0.680 um | 0.615-0.700 um | 0.615 - 0.690 um 0.0-0.5

Near infrared | 0.780-0.890 um [ 0.772-0.892 um | 0.782 - 0.890 um 0.0-0.7
(B3)

Mid-Infrared 1.580 - 1.750 pm 1.600 - 1.692 pm | 1.582 - 1.685 pm 0.0-0.6
(MIR)
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Table 5. Spectral characteristics of VEGETATION sensors 1 and 2.
Source: SPOT-VEGETATION program.

Table 6 shows some characteristics of sensors VEGETATION.

1,15 km in both directions at nadir
Spatial
resolution
Minimal variations for observations outside the nadir.
Maximum angle of observation outside the nadir of
Vision field approximately 50.5
~ 2.200 km of width swath.
Around 90% of the equatorial areas are photographed
Spatial every day, the remaining 10% is photographed the
coverage following day. For latitudes above 35 ° North and South,
all regions are acquired at least once a day

Table 6. Characteristics of VEGETATION sensors.
Source: SPOT-VEGETATION program.

3.2.1.- Products of SPOT-VEGETATION sensor

SPOT-VEGETATION products are acquired systematically, archived and available in
Internet. Some of the products are free of charge and others have a cost. There are
three types of product: VGT-P, VGT-S-D VGT (SPOT-VEGETATION Program, 2015).
The VGT-S product is one that has been used in this work .

- Products VGT-P: They provide reflectance values from above the atmosphere.
They correct errors of the wrong records of the channels, in the calibration of all
detectors in each spectral band. They write full information on the corrections

applied and calibration information taking into account the position in the orbit.

- Products VGT-S: They are probably the most widely used data set. They
corresponds to VGT-P data to which it has been applied corrections using
auxiliary information. The criterion of "maximum NDVI" is a daily synthesis
using the best available measure of a day for a specific location. The synthesis
is of 10 days and it is based on the selection of the "best measurement” of the

entire period. The selection is based on the maximum value of NDVI.
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- Products VGT-D: They are currently the most advanced products. They have
10 days to summarize and they are generated from raw data that go through a
process of improving masking of clouds, including the identification of cloud
shadows and thin clouds and atmospheric correction based on the evaluation of

aerosol load and normalization of reflectance values.

3.3.- PROBA-V sensor

The PROBA-V satellite (Figure 11), launched on May 7th 2013, is designed to map
land cover and vegetation growth worldwide. The "V" represents "Vegetation." It
provides global coverage every two days, in addition, most of the surface of the Earth
is photographed every day. (ESA, 2015).

Figure 11. Satellite PROBA-V.
Source: Google.

During the last decade it has worked with high performance small satellites designed
through technological innovation. The previous two satellites of the series PROBA,
worked in demonstration missions to test promising technologies and they had a lot of
success. The PROBA-V, nevertheless it is different. The mission begins serving Earth
observations as soon as possible after its launching phase which lasted six months. It
is a very lightweight design that has been designed to continue supplying vegetation
data, since the sensor SPOT-4 stopped its supply in 2012 and SPOT-5 in 2014. The
design of the sensor is a little bit different, is a cleverly miniaturized version of the
SPOT-5 camera.

The sensor PROBA-V has a vision field of 102 ° with a width swath of 2.250 km. It
collects the light bands of blue, red, near infrared and mid-infrared. Thanks to these
four spectral bands, PROBA-V could distinguish between different types of vegetation
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cover. With a spatial resolution of 350 m provides crystal clear images. It counts clouds
cover. A full picture of the earth should be available to users in ten days. Table 7 shows
some characteristics of the satellite PROBA-V. (ESA, 2015).

Launching date April 2013

Mass 140 kg

Orbit Sun-synchronous polar , 820 km altitude, local time 10:30 descending node
Instrument New version of the instrument SPOT-VEGETATION

First contractor QinetiQ Espai (BE)

Shuttle Vega

Table 7. Characteristics of the satellite PROBA-V.
Source: VITO, PROBA-V.

3.3.1.- Products of PROBA-V sensor

PROBA-V products are L1C / P and synthesis products (S1 = Daily, S10 = decade).
They ensure a daily coverage between Lat. 35 ° N and 75 ° N and between 35 ° S and
56 ° S, and complete coverage every two days at the equator. There are four types of
products with a spatial resolution of 333 m: (ESA 2015).

- L1C/ P: The data are radiometrically corrected. The digital values of the
pixel are converted in values of radiance. The sensor image has no
projection. The resolution is variable between 100 and 350 m in the band

of near infrared and 200 and 660 m in the mid-infrared band.

- S1 TOA: TOA data (Top Of Atmosphere) are on the atmosphere and
atmospheric corrections are not applicable. The spatial resolution is
333m. Above the atmosphere reflectance of the four spectral bands
includes: NDVI, the geometric viewing conditions, the reference to the
date and time of the measurement, the information about the map that

identifies snow, ice, shadow, clouds, land and sea for each pixel.

- S1 TOC: TOC data (Top Of Canopy) are on the land surface and

atmospheric corrections are applied. The spatial resolution is 333m.
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Above the ground surface reflectance of the four spectral bands includes

the same as

for S1 TOA.

- S10 TOC: Is the same as S1 TOC, but the synthesis product is ten days

and not one.

In the PROBA-V products there are different layers. For each product there are 13
different layers as shown in Table 8. (ESA 2015).

Layer | Abbreviation | Description Data type | NO_DATA Real value = Units
flag DN*a+b
GEOMETRY
SAA Solar Azimuth Angles 8-bit a=3/2
1 unsigned 255 b=0 Degrees
character
5 SWIR VAA Viewing Azimuth 8-bit 255 a=23/2 D
Angles SWIR detector | unsigned b=0 egrees
character
SWIR VZA Viewing Azimuth 8-bit a=05
3 Angles SWIR detector | unsigned 235 b=0 Degrees
character
SZA Solar Zenith Angles 8-bit a=05
4 unsigned 255 b=0 Degrees
character
VNIR VAA Viewing Azimuth 8-bit a=23/2
s Angles VNIR detector unsigned 255 b=0 Degrees
character
VNIR VZA Viewing Zenith Angles | 8-bit a=05
6 VNIR detector unsigned 255 b=0 Degrees
character
NDVI
7 NDVI Normalized Difference | 8-bit 255 a=0.004
Vegetation Index unsigned b =-0.08 )
character
QUALITY
8 SM Status map 8-bit 5 a=1
unsigned b=0 )
character
RADIOMETRY
9 BLUE Top Of 16-bit 1 a = 0.0005
Atmosphere/Canopy integer ) b=0 )
Reflectance BLUE
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10 NIR Top Of 16-hit 1 a = 0.0005
Atmosphere/Canopy integer ) b=0 )
Reflectance NIR

11 RED Top Of 16-bit 1 a = 0.0005
Atmosphere/Canopy integer ) b=0 )
Reflectance RED

12 SWIR Top Of 16-bit 1 a =0.0005
Atmosphere/Canopy integer ) b=0 )
Reflectance SWIR

TIME
TG Time grid 8-bit a=1 .
13 unsigned -1 b=0 Minutes
character

Table 8. The layers of products PROBA-V.
Source: ESA, PROBA-V

3.4.- NDVI values transformations

To correctly generate graphs representing variations on NDVI of each sensor along the

time, it is necessary to make a change of the NDVI values extracted.

All the output data which are extracted from the analysis come with no real values. It

has to make a little change with Excel of the resulting digital values which are obtained

to real numerical values of NDVI. For each sensor this transformation is different and it

is necessary to apply a different scale factor, as it is shown in Table 9.

Scale factor

MODIS SPOT

PROBA-V

0,0001*DN -0,1+0,004*DN

-0,08+0,004*DN

DN = digital value.

Table 9. Scaling factor for each sensor.




