irection

Environnement, Sante et Developpement
dans le contexte du CES Paysage

Maria Isabel Sobral Escada
Antonio Miguel Vieira Monteiro

Alberto Giacometti, Piazza, 1947-48 , Peggy Guggenheim Collection



En quéte de dialogue ...

ce qui est en dessous des chapeaux

une conclusion

, une autre idée deux idées dansantes
une idée

Lini &X'S, Auteur de bandes dessinées argentines.



[ ]
Pogrammes institutionnels
® 06 o espace et société

Laboratorio de investigacao
de Sistemas S6cio-Ambientais

Laboratoire de recherche
sur les Systémes Socio-environnementaux



Premiere partie
Enjeu Géneral



EO and Health: In Search of the Lost Time

Next July, 47 Yeats of Earth Observation Satellites Programs around the World
!

Operational Landmark - Action

Space Technology

ERTS-1, NASA 1972
4 Key Applications Areas
Forests, Agriculture, Geology
and

Public Health!!



‘At the end of the day, we will not
be judged on these infrastructures,
but rather on the results they

deliver.’

Barbara J. Ryan !
Director, GEO Secretariat [2012-2018]

(1) at the First Eye on Earth User Conference.Dublin, Ireland. 5 March 2013



. in dealing with Health Issues a very complex set
of interacting systems is involved !!



Intervening Variables:

A Lot of | mportant things beyond Climate&\Weather and Environmental Data

Socio-Demographic data
Urbanisation Process

Economic Development Strategies
Health Services

The social production of the spaces of our
daily lives

some of them leave footprints at the

Land Use and Land Cover Datasets



From an EO Perspective, it means:

Landscape as a Mediator



Un point de départ de cette
reflexion repose sur la possibilite
d'utiliser une lecture particuliere
du concept de paysage dans le
cadre d'une  strategie de
mediation.



Systéemes Théorico-Conceptuels
Santé-Environnement

Natural Foci
Natural Nidality

Pathogenic Complex
LMax Sorre, ~1933 (1951.ﬂ

Evgenii Pavlovsky,
~1939, 1966(1964)

SORRE, M. Complexes pathogénes et géographie médicale. Annales de géographie 1933 ; 235 :1-18.

PAVLOVSKY, E.N. On Natural Foci of Infection and Parasitic Diseases, Vestnik Akad. Nauk SSSR 10, 98-108 (1939).
PAVLOVSKY, E.N. Natural Nidality of Transmissible Diseases, With Special Reference to the Landscape
Epidemiology of Zooanthroponse. Urbana, Ill.: University of Illinois Press, 1966.(1964, in Russian)




"Le citoyen est I'individu dans un lieu.”

SANTOS, Milton (2007) O Espaco do Cidaddo, Edusp, 7ed. Sdo Paulo. 1ed. Nobel, Sao Paulo, 1987

Milton Santos
(Brotas de Macauba, BA, 1926 —Sao Paulo, 2001)



Systemes Théorico-Conceptuels
Santé-Environnement-Développement

L'idee que I'action humaine produit de l'espace, transforme
la paysage, et donc, l'idee que l'espace geographique est
une production sociale

Cela apportera une approximation entre les
concepts de paysage et de territoire




Systéemes Théorico-Conceptuels
Santé-Environnement-Développement

Paysage ~ Territoire == Le Paysage est Territoire

Paisagem ~ Territorio == A Paisagem € Territorio

Landscape ~ Territory ==The Landscape is Territory

en francais, portugais et anglais!




Systemes Théorico-Conceptuels:
Implications Méthodologiques

A evolucdo da doenca de Chagas no
Estado de Sao Paulo. Silva, Luiz Jacintho
da. Hucitec, S3ao Paulo, 1999 (Revisdo

comentada da Tese de 1981)

L “évolution de la maladie de Chagas dans I’Etat
de S&do Paulo. Silva, Luiz Jacintho da. Hucitec,
Sao Paulo, 1999 (compte rendu commenté de la
thése de doctorat, 1981)

Pathogenic
Complex

Landscapes~Territories*

Patterns&Processes
Opportunities ( and Risks!) for

RS Imagery Data
& Geotechnologies +
Socio-Economic-
Demographic Data + Field

Data
+
Spatial Analysis Methods
Methodologies&Tools
+
Local Knowledge
@ DA PN Ry -\

Natural Foci
Natural Nidality

EO Data + Socio-Economic-Demographic Data +

Integrative Spatial Methodologies
EO&Public Health Possible Conceptual Framework




Deuxieme partie:

Comme les Données d
‘Observation de la Terre son
Utilisées ?

Quelques possibilités ...
... qui illustrent les defis !!



1. Hantavirus dans le Cerrado Paulista

2. Paludisme dans la région Métropolitaine
de Manaus

3. Une Expérience en construction:

Le lien

santeé, environnement et developpement
dans la région d’Alto Jurua, Acre



Base Méthodologique:
Aspects Généraux



Landscape Observed with Remote
Sensing Image Data :

Combined use of data and tools




Landscape Analysis: Structural, Functional
and Contrast Metrics

|
Structural Analysis: Landscape
composition and spatial configuration
Functional Analysis: Parameterization
11

Edge, border and boundary.

Land Cover 1

Core Area
ffffffffffffffffffffffffffff __ | Edge Contrast analysis:
Boundary Edge 1 . } Border Zone P . 1 C
__________ Bdge2 ' otential Contact
Land Cover 2
Core Area

—

Source: Becker (2018) - Adapted from Forman (1995).



I. The Landscape as a Mediator concept articulating different scales of analysis and
data: Structural Analysis

Landscape Pattern
Typology

Linking land change patterns to health-disease processes




Typology of Landscape Patterns related to the
presence/absence of Vectors (Reservoir) and Human

Activities

1. Defining the appropriated size of the
cells taking into account the dimension
and spatial arrangements of landscape ET——
elements inside the cells.

2. Defining a landscape typology related to the presence of
the vector and human activities according to the cell
composition and spatial arrangements of the landscape
elements in each landscape pattern.

TerraClass Mocajuba,PA

100x100m
250x250m

1000x1000m.

Exemplo: Dengue Fever, (Reis, 2011)
Rio de Janeiro

Ikonos, Im



Reis (2011) Landscape Patterns Typology

PPU I PPU Il PPU Il PPU IV PPU V

PPU VI PPU VII PPU Vil PPU IX PPU X




Mining Landscape Patterns

KORTING et al. (2008)

Input data: Attributes

Categorical - extraction Classification
" maps or image and

and grid cell Training

l

o Results
Validation 4

\

C4.5

Shape

<
ﬁ&a

Density

s

Composition Decision tree
Size



Mining Landscape Patterns

KORTING et al. (2008)

Input data: Attributes
Categorical - extraction » Classification
" maps or image and
and grid cell Training
Validation
— T

Landscape Pattern
Classification

Reic (2011)



Border Analysis

Border Typology

Linking land change patterns to health-disease processes




Border Typology

Analysis under two points of view: Vectors X Humans

1. Edges of the vector habitat X Land use classes

habitat ‘

2. Edges of classes with population density X Land use classes

Population ‘



Contrast Edge Metrics

Based on:

= The Lenght of edge of
specific patch types;

= Dissimilarity between
patch types (edge
contrast weight)*

* It’s the degree of contrast
between a habitat patch and the
surrounding landscape

Fragstats - McGarigal, 2015



Contrast Edge Index indicating Potential Contact

Furtado, 2018



1. Hantavirus dans le Cerrado Paulista

Michelle Andrade Furtado. O complexo da hantavirose em um polo sucroalcooleiro do estado de sdo paulo investigado pela analise funcional
da paisagem . PhD Thesis. Graduate Program in Earth System Science. INPE. Supervised by Isabel Escada&Miguel Monteiro. Fevereiro de
2018

Michelle Andrade Furtado. Le complexe d'hantavirus dans un pole sucroalcooleiro de l'état de Sao Paulo étudié dans le cadre d'une analyse
fonctionnelle du paysage. These de doctorat. Programme d'études supérieures en sciences du systeme terrestre. INPE. Supervisé par Isabel Escada
& Miguel Monteiro. Février 2018



Hantavirous Transmission Cycle

Necromys lasiurus
Mouse infected by
Hantavirous

Horizontal Transmission

Inalation

Epidemiologic Profile

* High lethality 56%
* Rural zone — 53%

*  Workplace - 50%

* Man - 79%

*  White Race — 65%

* Age: 20to 39 - 54%



2

Study Area

Hantavirous cases from 2001 — 2012
Sao Paulo State

15

Legend: Number
of cases

L] 1-2

[ ] 3-4

[ | 5-8
I De9- 11
B pe12-14
[]o

Sugar cane expanded from
2in 1996 to 55.906 km?
in 2016 in Sao Paulo State (IBGE,
2016).




Landscape: Spectral Classification (Landsat)

2003 2010
Sugar cane area
increased replacing
other crop areas
Accuracy
was estimated with 2000

randomic samples

C)

o ——

— 4000

i I

T zoo0

=

[, ) B E] —
Mesaico de Apua Cana-de-agicar Pasto

Carado Urbano Chacara
o



Typology of Landscape Pattern Relevant for
SCPH Complex

Padroes de Composicao celular | Roedores que podem ser encontrados

paisagens : : : : | neste padrao da paisagem : :
Cerradao (PI) Pouco relevante para o complexo da SCPH.
Urbano (PII) Pouco relevante para o complexo da SCPH.

Mosaico de cobertura com pouco Ppgyco relevante para o complexo da SCPH.
cerrado (PIII)

Cerrado e mosaico de cobertura (PIV)  Moderada relevincia para o complexo do SCPH.

Urbano e mosaico de cobertura (PV) Alta relevancia para o complexo do SCPH.

Chacara e mosaico de cobertura (PVI)  Alta relevancia para o complexo do SCPH.

Mosaico de cobertura (PVII) Altissima relevancia para o complexo do SCPH.
Pasto e mosaico de cobertura (PVIII)  Alt{ssima relevincia para o complexo do SCPH.
Mosaico de agricultura exceto cana de Altissima relevincia para o complexo do SCPH.

acucar e mosaico de cobertura (PIX)

Cana de acucar e mosaico de cobertura Ajtissima relevancia para o complexo do SCPH.
(PX)




Strutural Classification of Landscape Patterns

0 12,5 25 50 74 100 0 125 25 50 74 100

B r1 B e Py B Pvin I PIX PX 72% PIX -50%

Legenda: Padroes de paisagem de interesse para o SPH. ‘ PIV 46% l PIIl  -43%
T pa PIV pvi B pvin M PX



Border Typology: Edge Contrast

Potential Contact
Analysis under two perspectives:

Rodent (habitat Class - Cerrado) — 5 Classes
Human (high density population: Urban and Small farms classes)

—




Border Typology: Edge Contrast

Potential Contact
Analysis under two perspectives:

* Rodent (habitat Class - Cerrado)
* Human (high density population: Urban and Small farm classes) — 4 classe

Urbano e Chacara X 0.6 Alta abundancia de roedores e alta soropositividade

Agricultura

Urbano e Chacara XCana 0.6 Cada vez mais trabalhos vém relacionando os casos de HPS com a
de agucar expansao das areas de cana de ag¢ucar.

Urbano e Chacara X Pasto 0.5 Se alimentam da semente do capim, sendo bastante encontrados

nesse tipo de paisagem.

Urbano e Chacara X 0.8 Habitat natural do roedor Necromys lasiurus

Cerrado



Analysis by Contrast Metrics

* TECI (magnitude do contraste)

eix= Comprimento total (m) das bordas entre as classes i e k em cada
célula.

d; = peso do contraste das bordas entre as classes i e k.

* CWEN (maanituda dn coptraste e abundancia)

E— . ( e * dﬂc) lpri,mento total (m) das bordas entre as bordas i e k,
Y a célula.

CWED =

> do contraste das bordas entre as bordas i e k.
n — nica total da paisagem (m) na célula.

* Comprimento das bordas

e = Comprimento total (m) das bordas entre as classes i
ike k em cada célula.

d;.= peso do contraste das bordas entre as classes i e k.




CWED estimated for Cerrado Class: Rodent Habitat

2003 2010

\_ /U )

* Increase of SCPH edges from 2003 - 2010

* Expansion of sugar cane/cerrado edges

* More fragmented landscape in this area, but..

* Until 2010 there were few cases of hantavirous

CWED Diference
2010 - 2003

(]

]

65%



CWED estimated for urban and small farm Class

CWED Diference
2010-2003

2003 2010

80%
* Few edges and Lower CWED T

* Predominance of sugar cane and other crops edges
* These classes are neighbors of cerrado class (rodent habitat)



2. Paludisme dans la région Métropolitaine
de Manaus

Jaidson Nandi Becker. Mobilidade Humana e Heterogeneidade Espacial: Novos elementos para o Estudo da Malaria na Regido Metropolitana
de Manaus”, . PhD Thesis. Graduate Program in Earth System Science. INPE. Supervised by Isabel Escada&Miguel Monteiro. Maio de 2018

Jaidson Nandi Becker. Mobilite humaine et hétérogénéité spatiale: Nouveaux éléments pour l’étude du paludisme dans la région métropolitaine
de Manaus . Thése de doctorat. Programme d'études supérieures en sciences du systéme terrestre. INPE. Supervisé par Isabel Escada & Miguel
Monteiro. Mai 2018



Study Area: Metropolitan Region of Manaus - RMM



Land Use and Land Cover in RMM em 2014
(Terraclass)



Landscape Mosaics for RMM in 2014

Cell space
[2X2] km




Gradient of Relevant Landscape for Malaria Transmission
(GRM) in Manaus Metropolitan Region in 2014

Cell space
[2X2] km



Contrast Index for RMM in 2014.



(GRM)

Landscape Relevance
Index for Malaria

Transmission (IRPm)

RMM - 2014
(Contrast Index - C) o




Landscape Relevance Index for Malaria
Tranmission (IRPm) for RMM, 2014



The proposed and tested methodology can be
replicated to any region of the Legal Amazon, using the
same data sources (SIVEP-malaria and TerraClass

Project). A better assessment must be done. It can be

easily adapted to different scales of time and space.

The continuity of the data produced (and made
available) by SIVEP-Malaria and the TerraClass Project,

provides a perspective for the operationalization and

replication of the methodology developed.




3. Une Expérience en Construction:
santé, environnement et développement
dans la région d’Alto Jurua, Acre




ECOLUVA-JURUA:

Economic Development Pathways, Production Landscapes Units and
Mosquito-Borne Diseases in the Alto Jurua, Acre, Brazilian Amazonia

Ana Paula Dal Alasta
Antonio Miguel V. Monteiro
Maria Isabel Sobral Escada
Anielli Souza

Silvana Amaral

Raquel M Lana
Claudia T Codeco




AltO ]UI'U. é Re gion currently 90% of Acre’s malaria cases
are concentrated here



Alto Jurua Complex Landscape



Case Study: ECOLUVA-JURUA

Represents the epidemiological dynamics of
malaria associated with trajectories of change
of the production systems - forest, agroforestry
and agricultural production chains -



Case Study: ECOLUVA-JURUA

- produced by a set of heterogeneous Social
Agents that live and circulate in a mosaic of
environmentally and  socially  sensitive
landscape units, called Production Landscape
Units (PLU), represented in a cell grid world and

its association with health intervention
scenarios.



General Framework: Dynamics
Spatially-Explicit Agent-Based Model Geographically Grounded

Disease
/ Dynamics .\
H
Mosquito Human
Dynamics : Demography -
Dynamics

Production Landscape
Units
Combination of
(land use + land cover)
=>
Social Agents of Production

A changing Landscape
associated to PLU changes

Gvrounding Geographic Information




The Economic Development Pathways:
a Typology oriented by the footprints of the Productive
Systems* left over the Landscape

the Landscape as a Mediator for the Regional Territories and its Modes
of Production

Francisco de A. Costa
Economist, UFPA-NAEA

Cambridge Schoolar, 2019

* Based upon the ‘Technological Trajectories” concept.developed for the Amazon Region by Francisco de Assis Costa:
(1)  Trajetorias Tecnologicas como Objeto de Politica de Conhecimento para a Amazonia: uma metodologia de
delineamento. Rev. Bras. Inov. / Braz. Inov. J., Campinas (SP), v.8, n. 1, 2009.
(2)  Mercado e produgdo de terras na Amazonia.: avaliagdo referida a trajetorias tecnologicas. April 2010 Boletim
do Museu Paraense Emilio Goeldi:Ciencias Humanas
(3) A Brief Economic History of the Amazon (1720-1970). Hardcover, 348 pages. Published February. 1st ed. 2019
by Cambridge Scholars Publishing




Mapping Technological Trajectories in an Acai Production Region — Mocajuba, PA

Input Data:

TerraClass-2014 refined with RapidEye

Data Mining, Boosting 99

Confusion Matrix

Training Sample

Test Samples Err

Error (0.0%)

(£) <-classified as
{(a): class AgFamiliarl
(b): class ExthgFamiliar2
(c): class Extrativismo
(d}) : class Cutros
(e): class Patronal

2 (f): class Tramnsitorio

3 {a):
(b)) :

()

(d):

1 (e):
11 [£):

or (11.6%)

<-claszified as

class
class
class
class
class
class

LgFamiliarl
ExthgFamiliar2
Extrativismo
Cutros
Patronal
Transitorio




The Malaria Landscapes:
Placing together

health,environment and development strategies

a Typology oriented by the Productive
Systems in the Alto Jurua, Acre



Set of variables

Variable/theme

Description

Source/ more information

Land use and land cover

% land use and land cover classes in the municipality

TerraClass (2014)
- shapefile/ - matriz (30 x 30m)

Protected area

% protected area in the municipality

ICMBio or INCRA
- spatial limits; - class (integral or sustainable use, indigenous area)

Settlements projects

Location of the settlements projects

INCRA

- spatial limits;

- creation date;

- name and type (PA, PDS, PAE);

- number of family;

- area

- implementation stage;

Avaliable on: http://acervofundiario.incra.gov.br/acervo/acv.php

urban population

Ratio between urban population and the total population (state, municipality and census
tract)

Ratio between rural population and the total population (state, municipality and census

rural population tract) (state, municipality and census tract)
Sex ratio Number of men for each group of 100 women (state, municipality and census tract)
Ratio between the age group of the population defined as economically dependent (those
total dependency ratio under 15 years of age and those of 60 and over) and the potentially productive age group
(between 15 and 59 years of age). (state, municipality and census tract)
. Graph showing the distribution of the population in age groups
Age pyramid

(state, municipality)

"rural" or "urban"

Official classification of what is rural and urban (municipal law).
Census tract are classified in 8 levels (gradient of spatial forms)
*spatial limits (census tract/ for all Brazil)

Population - Census
1991, 2000 and 2010
- spatial data

Statistical grid

Total population per cell (resolution: 2km and 250m)
Demographic density (conversion grid to raster - resolution: 250m)

Grid. Each cell has:
- population/ - total of men/ - total of women
Data from Census (2010)

Rural establishments engaged in fish farming

Ratio between rural establishments engaged in fish farming and the total rural
establishments

Source: Censo Agropecuario (2006 and 2017 - preliminary data)
Scales: region; state; municipality

Fish production

Production (tons)

Source: Censo Agropecuario (2006 and 2017 - preliminary data)
Scales: region; state; municipality

Local participation in regional production of fish
farming

Ratio between local production of fish farming and the regional production (for sale)

Source: Censo Agropecuario (2006 and 2017 - preliminary data)

Value of fish farming production in relation to
temporary crops

Ratio between the value of fish farming production and the value of the temporary crops
production. (2013 and 2016)

Scales: region, state, municipality
Source: PPM (2013; 2016); PAM (2013; 2016)
Declared data

Participation of fish farming in the GDP

Ratio between value of fish farming production in the GDP at current prices

Year: 2015
Scales: municipality
Source: PPM and IBGE (GDP)

Rural establishments

Lot size

CAR - Cadastro Ambiental Rural - Spatial limits
Declared data by the land owner

Lot size

SIGEF - INCRA and MDA




Different and Heterougeneous Datasets

Land use and land cover (TerraClass, 2014)
Protected area (ICMBio, 2018)

Population (Demographic Census 2010 - IBGE)
Land structure (CAR - 2018; SIGEF - INCRA)
Land production - Economy

(Censo Agropecuario; PAM; PPM)

Local Surveys (when available)



Alto Jurua Region
Micro-region of Cruzeiro
do Sul, AC

Data TerraClass - 2014



i Demographic
Alto Jurua Density

From Datasase:
Statistical Population Grid

Cells: [1km x 1km]
rural areas
[25m x 250m]

urban areas

Demographic Density (hab/
km?)
Cells: [250m x 250m]
Conversion: grid to raster

Database Producer:
Censo demografico 2010, IBGE

Census Data, IBGE - 2010




CAR - Cadastro Ambiental Rural (Cadastre de I'environnement rural ??)

Lots CAR - UC Lots CAR — area (ha)

Source: SICAR CAR Data, SICAR — Servigo Florestal Brasileiro



LPU Typology — Landscape Production Units for Jurua

LPU 1 Extractivist

LPU3

Small-scale Agricultural
System

LPU 2 Small-scale
Transitional Frontier
Agricultural System
Transitional medium-
LPU 4 scale agriculture




LPU — Landscape Production Units for Jurua

LPUS

Large Farmers

LPUG6

LPU 7

City

Urban Fringe










Troisieme partie:
Besoin/Demande en Produits
Spatialisés

Quatrieme partie:
Pour Produire quels Resultats



Results and Products that can Bridge the
Gap between Research and Services in
Public Health Operational Programs

National
Level

I
Health Surveillance Secretary *

State
Level




Although, free tools, free data and free
knowledge are important parts of building

these bridges, the essential and most
difficult one is ...

Peopleware
_|_

Long standing financed
Institutional Networks!
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