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Application of SIT in public health field

New requirements for the development of SIT
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Prevention and control of major infectious diseases is

Health faced with severe situation

Field , , , ,
High health risks regionals are heavily polluted

Emergent public health events never come to an end

3S can meet the requirements from data acquisition, analysis and evaluation to decision support.
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Analyze space-time distribution of environment
and disease, and their correlation, causality

Sample collection

Extracting the information of water, land and
atmosphere.




Application of SIT in public health field

In 2003, the "Center for Applied Research on Spatial Information Technology in the Field of Public
Health “ was jointly established by Institute of Remote Sensing and Digital Earth, Chinese
Academy of Sciences, Institute of Microbiology and Epidemiology, Academy of Military Medical
Sciences and Remote Sensing and GIS Research Center, Beijing Normal University.

In 2012, the sub-center of "Center for Applied Research on Spatial Information Technology in the
Field of Public Health" was established in Institute of Remote Sensing and Digital Earth, Chinese

Academy of Sciences.
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technology in the field of health.




Application of SIT in public health field
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Application of SIT in public health field

for disease prevention and control

High resolution satellite remote sensing information service system

Mission Unit:
China National Space administration

Statistical Information Center of National Health
and Family Planning Commission

Institute of Geographical Sciences and Natural
Resource Research, Chinese Academy of
Sciences

Chinese Centre for Disease Control and
Prevention

Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences

Shanghai Center for Disease Control and
Prevention

Institute for Parasitic Disease control and
Prevention, Chinese Centre for Disease Control
and Prevention

Institute for Infectious Disease control and
Prevention, Chinese Centre for Disease Control
and Prevention

The total project time: 2012-2020

« Advance research (2012-2014)

Phasel (2014-2017)

e  Phase Il (2017-2020)

« Project budget: 5,810,322 $ (40 million
RMB)

Main research contents:

« Monitoring and evaluation of
infectious diseases (schistosomiasis,
dengue fever, plague, kala-azar,
hemorrhagic fever);

« Monitoring and evaluation of
residents' health risks in polluted
areas (highways, mines, large
chemical plants);

« Abrupt public health event emergen
(earthquake, flood, landslide / debris
flow)




Monitoring and prevention of schistosomiasis

* Schistosomiasis is a disease caused by parasitic worms of the Schistosome.

» The disease is spread by contact with water that contains the parasites (&4
H).These parasites are released from freshwater snails that have been infected.

Schistosomiasis

o Cercariae released by snail
into water and free-swimming

A= Infective Stage
Sporocysts in snail o A= Diagnostic Stage
(successwe generatlons)
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Cercariae lose tails during
penetration and become
schistosomulae
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e Miracidia penetrate
snail tissue

Migrate to portal blood
in liver and mature
into adults

Eggs hatch. \
releasing miracidia /

Paired adult worms migrate to:
mesenteric venules of bowel/rectum
(laying eggs that circulate to the
liver and shed in stools)
C venous plexus of bladder

S. haematobium

S. mansoni

Schistosomiasis =  Schistosome
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Snails
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Monitoring and prevention of schistosomiasis

Distribution

«  Mainly distributed in the Yangtze River Basin and 12 provinces and municipalities south of the
Yangtze River.

« In 2015, 77194 patients were calculated.
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Monitoring and prevention of schistosomiasis

Environmental
factors

Water distribution
Surface temperature
Surface humidity
vegetation index

Snail distribution
area

Snail density
Sampling point
density data

<Snai| density modeD

Regional density
estimation

Technical flow chart

Schistosomiasis
risk

Snail density data

v

Resident population
data

v

Risk assessment of
schistosomiasis
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Field sampling

Using 1M * 1M quadrat

Snail information sampling points



Method for extracting water information
based on spectral characteristics:
« Band threshold method
( Bnir>a)
e Spectrum-photometric method
(TM2+TM3>TM4+TM5)
« Water body Identification method
( NDWI=(G-NIR)/(G+NIR) )

e # (sr)

____________________________________________________________




Monitoring and prevention of schistosomiasis

Remote sensing inversion of environmental factors——water body

Based on the high spatial resolution image, the object-oriented method was used to
extract the small water bodies such as ditches, river networks and ponds.

Image clipping

GF-1 image (16m)

Geometric correction

Y

Atmospheric correction

Image preprocessing

DEM clipping

A4

Multiscale segmentation
based on optimal
segmentation scale

Object oriented small
water extraction

Field investigation

Y

Feature extraction (NIR,
SWI, DEM,
Length/Width)

Fusion images of GF-1
(2m and 8m)

Accuracy evaluation

Rule building

v

Post processing

Morphological dilation

A 4

Pavlidis asynchronous
refinement

Water thematic map

Based on the principle of
minimum heterogeneity

eg: Using NIR band
threshold to distinguish
between dark objects and

bright features; Establishing
thresholds of DEM or Length
/ Width to remove mountain
shadows.

For broken lines, etc.




Ditch information extracted from GF-1 image



Monitoring and prevention of schistosomiasis

Remote sensing inversion of environmental factors——vegetation
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For 5 kinds of vegetation: Artemisia, rushes, Polygonum, reeds, Carex in Dongting Lake area.
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« There are significant differences in the band range
610-680 nm, 810-880 nm, 1030-1100 nm, 1170-1240
nm, 1635-1705 nm.

« Inthe band range 1030-1100 nm, the spectral
difference is the largest.
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The logarithm of the
reciprocal of spectral
reflectance

After LOG (1/ R)
transformation,
five vegetation
types could be
distinguished
from band
range 660-680
nm.
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The growth of Carex can be clearly
distinguished from 500-700 nm.







The main algorithms of LST inversion based on Landsat TM/ETM+ thermal
infrared band data include: radiative transfer equation method, single
window algorithm and single channel algorithm.

based on the data characteristics, single window algorithm was selected:

4 1 N

LST= - [a(1-C-D) + (b(1-C-D) + C + D)T....o,, — DT}

Where a and b are constants, C and D are intermediate variables, the formula is:
C=et, D=(1-1)[1 + (1-¢) 1], Tsensor is the thermal infrared band, ¢ is the surface
emissivity in the Tsensor range, T is the atmospheric transmittance in the
Tsensor range, Ta is the average atmospheric temperature.

)




Monitoring and prevention of schistosomiasis

Remote sensing inversion of environmental factors——Surface temperature

Multichannel inversion method based on

Split window algorithm

1— Ne T +T. 1- ANe T —T.
T=C+(A+A—+A )22 (B+B—+ B— )t
fo g 2 g s 2

Where T, and T, are atmospheric top brightness temperature corresponding to
AVHRR/3 sensors Ch,, Chg, € is the mean of two adjacent channel emissivity (=

(g +ec) 12), Ag is the difference between the emissivity of two adjacent
channels ( Ae=g,-¢c ), C, A, A,, A;, By, B,, Bgare the coefficients of the
windowing algorithm.




Monitoring and prevention of schistosomiasis

Remote sensing inversion of environmental factors——Surface temperature

surface temperature inversion

The radiation of the shallow surface temperature is mainly reflected in the
high frequency channel, and

Many statistical regression models have been developed based on this
feature and other channels (T22V, T19H, T85V)




Monitoring and prevention of schistosomiasis '

Remote sensing inversion of environmental factors——Soil moisture

In , the spectral reflectance of soil moisture is mainly in the
. Soil surface reflectance, soil surface emissivity or surface
temperature are used to estimate soil moisture.

The inversion formula of this study is as follows :
Wetness = 0.2325CH1 + 0.207CH2 + 0.087CH3 + 0.079CH4 - 0.638CH5 - 0.497CH7 ,

Where CH1-CH7 represent 1-7 bands of TM image, respectively






Monitoring and prevention of schistosomiasis

Leading factors in the spatio-temporal distribution of Oncomelania (£T#2)

« Vegetation, light,
temperature, moisture and
soil will affect the snails,
then affect the geographical
distribution of
Schistosomiasis.

« The environment conditions
could be monitored and
analyzed by SIT.
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Monitoring and prevention of schistosomiasis

Snail density estimation model

 extracting the environmental factors related to the survival of
Oncomelania: water distribution, surface temperature, surface humidity,
vegetation index, land use types.

« construct the regression model of snail distribution using these
environmental factors.

D=5 () =85 (NDVI xP++LSTxP:+Wetnessx Pi+Distance xBs+Zy)+s

Where D is the density of snails, g-1() is the inverse function of the monotone
differentiable continuous function g (), B is the estimated parameter of the
observed variable, NDVI is the vegetation index, LST is the surface temperature,
Wetness is the surface humidity, Distance represents the distance to the water
body, Z represents the random variable, y is the estimated parameter of the
corresponding random variable, € is the random error.



Monitoring and prevention of schistosomiasis

Snail density estimation model

Y1=-0.006407d-0.1846t+1.925m+0.1168b-0.995v+15.689
Y2=0.0644d+0.1957t+0.08948m +0.407b-0.4411v-4.476

where Y1 and Y2 are the snail density in spring and autumn in Dongting Lake
area, respectively, d is the distance between the observation point and the water
body, t is the surface temperature (LST), m is the surface humidity (Wetness), b

represents the brightness component of the hat conversion (Brightness), v is the
vegetation index (NDVI).



snail density Distribution Schistosomiasis risk distribution



Dr. Prof. Dafang Zhuang
Beijing, China
Email:zhuangdf@igsnrr.ac.cn
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