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Foreword

Environmental condition ﬁrevailing in the world is indistinguishably linked to human
and animal health. It is the environment which helps the pathogen for transmitting to the
susceptible host and to cause the disease. The environmental parameters that influencing the
occurrence of the disease can be extracted from various data sources. The manual on Climate
data generation, mapping and modeling the impact of climate change on livestock diseases
using R is intended to describe the installation of software, data generation, data representation
and address the various steps for performing desired analysis. The practical knowledge
presented in this booklet is up to date and has been organized in a very practical terms, keeping
in mind the facilities available and difficulties encountered in handling the software. The
analysis of climate data will help in geographical surveillance of livestock diseases and their
influence on disease occurrence.

This manual provides how the basic information on remote sensing and disease-climate
modeling can be generated and also help in better correlation of disease occurrence and climate
change. [ am happy that the manual developed by our team of scientists and project staff under
National Innovation in Climate Resilient Agriculture (NICRA) project will help the scientists
working on generation of climate data and its analysis using open source software. I
congratulate the team for preparing this manual and providing a useful source of resources for
climate change studies, which will go a great way in the research on climate change. This
manual is unique and useful for the researchers working in the field of animal health and
livestock diseases.

/\L’f e

(Parimal Roy)






Preface

The environmental variables are very crucial in determining the epidemiology and
transmission pattern of infectious diseases and analyzing these variables will enhance the
accuracy of disease prediction that ultimately helps to implement timely and effective control
measures. The emergence of Remote sensing satellites provided a wide array of environmental
variables at different spatial and temporal scales which created an avenue to increase our
understanding about the correlation between diseases and a variety of environmental/climatic
variables. Remote sensing offers the ability to observe and collect data for large area as
relatively quickly, and is an important source of data for Geographical Information System
(GIS). The generation of remote sensing data manually is a difficult task since it demands
handling of huge data that require more time, manpower, storage space etc. The extraction of
these variables from the remote sensing data products and databases are made easy by the use
of software like R, an open source software available to all the researchers. R is designed for
statistical computing, with thousands of packages that contain the implementations of almost
every available statistical methods. R is an integrated suite of software facilities for data
management, calculation and graphical display.

This manual states the importance of understanding the climate variables influencing
the livestock disease incidence and the change in the climate profoundly alters disease
dynamics. It provides guidelines on installation of R software and RStudio. A skeleton R codes
are written to generate the remote sensing parameters and meteorological parameters from the
satellite datasets available from different sources. It also includes the making of point maps
and intensity maps for different geographical boundaries using R software. Protocol to develop
climate-disease models and risk maps to predict the disease occurrence developed using R
software.

It is hoped that this publication will be useful in achieving its objective to provide a
practical, easy-to-use instructions for the data and geostatistical analysis, representation and
simplified interpretations. This manual will help the researchers in the field of climate change
studies and its relationship to livestock diseases and animal health. We thank the Deputy
Director General (AS), ICAR, New Delhi and our Director for their support and encouragement
in bringing out this manual. The editors thank the National Innovations in Climate Resilient
Agriculture (NICRA) project for providing funds and support in preparing this manual.

K. P. Suresh
P. Krishnamoorthy

Siju Susan Jacob
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I. Introduction:

In the era of global climate change, the burden of infectious diseases of livestock is
alarmingly increasing. As the scientific evidence of climate change is unequivocal, the
challenge of reducing the incidence and transmission of infection diseases in livestock is a
growing concern especially in developing countries. As it is envisaged that climate change is
profoundly modulating the survivability and transmissibility of pathogens, the situation of
emergence of new species or strains of pathogen with increased virulence and shift in the
geographic distribution of diseases especially vector borne diseases may be anticipated in the
near future. A better understanding of disease incidence with respect to climatic variables is
essentially required for speculating the future incidence trends with respect to climate change.
In order to establish the link between climate change and infectious diseases, it demands
(1) examining the evidence for association between climate variability and incidence of disease
from recent past, (ii) determining early indicators of already emerging infectious diseases and
(ii1) use of above mentioned evidences to create predictive models to estimate future burden of
infectious disease under projected climate change scenarios. In order to understand the effect
of climate change on infectious diseases both statistical and mathematical models have
imperative roles to play; statistical models generally use descriptive correlations between
explanatory (climate change) and response (disease incidence) variables to predict the future
trend. Such models may not be suitable for underpinning the biological mechanisms behind the
predictive changes. On the other hand, mathematical models following a process based
approach by combining different environmental, epidemiological and biological process to
formulate assumptions that characterize models. Further, model calibration and validation may

provide reliable means to predict short term and long term disease dynamics.

The use of remotely-sensed data in mapping of disease incidence and as source of input
data for environmental processes modeling has become popular in recent years. With the
availability of remotely-sensed data from different sensors of various platforms with a wide
range of spatiotemporal, radiometric and spectral resolutions has made remote sensing as one
of the best source of data for disease mapping. The extraction of environmental variables
remotely sensed data using software like R will help to correlate these environmental variables

with disease incidence that ultimately will help to understand the pattern of disease distribution.
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I1. About R software

Ross Thaka and Robert Gentleman created a programming at the University of Auckland, New
Zealand, they named it ‘R’ based on their first letter of first names. R is free online software
with pre-compiled binary versions for various operating systems like Windows, Linux and
Mac. It is an integrated suite of software for data management, calculation, statistical analysis,
graphical representation and reporting, it also has an effective data handling and storage
facility. R is world’s most widely used statistics programming language. As of June 2018, R
ranks 10" in the TIOBE index, a measure of popularity of programming languages. RStudio

is the most commonly used graphical integrated development environment.

A. Installation Protocol

i. R Software installation

1. Open an internet browser and go to www.r-project.org. and Click the "download R" link in

the middle of the page under "Getting Started."

rc . — “6 s

o D a0 vipmiie ) At 6040 N Woos A Mk boriteO @ v ok oot () Mot @ M i D ety ARG 408

Q The R Project for Statistical Computing

Getting Started

160 Rl e Vot ot @ i g ) Wik @0 M et @ 5o Py () S

The R Project for Statistical Computing

Getting Started
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4. Click on the link "Download R for Windows" for suitable Operating System.

‘R The Comprehenzive R\ %

L]

C | ® cranusrprojectorg

*| @ «

Apps [ VilegesinIndia [ vilageinfo [) Reverb|ECHO R Yehoo A\ National Institute Of (@) Latitude and Longit.

[} MetData @ Moderate R

esolution G Draft Planto Study o () AQUASTAT - FAOs I

The Comprehensive R Archive Network

Pownload and Install R

fthese versions of R

« Download R for (Mac) 0S X
« Download R for Windows

[Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of

« Contributed extension packages

Task Views
Search IR is part of many Linux distributions, you should check with your Linux package management system in addition to the link
Jabove.
bout K [Sourca Coda for 211 Platforms
R Homepage
The R Journal [Windows and Mac users mast likely want ta download the precompiled hinaries listed in the upper hox. not the source code The
Sofware lsources have to be compiled before you can use them. 1€ you do not kaow what this means, you probably do not want to do itl
R Sources « The latest release (Friday 2017-06-30, Single Candle) R-3 4 1 tar g7. read what's new in the latest version
R Binaries Reer
Pﬂ;kms « Sources of R alpha and beta releases (daily snapshots. created only in time periods before a planned release)
ther
« Daily snapshots of current patched and development versions are available here. Please read about new features and bug
Documentation fixes before filing corresponding feature requests or bug reports.
Manuals
EAQs « Source code of older versions of R is available here.
Contributed

luastions About R

« T yon have questions about R fike how to download and install the software. or what the license ferms are. please read onr
answers to frequently asked questions hefore yom send an email

5. Click on install R software and Save the file in the desired folder
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7. Run it

Application Tools

Share View Manage

Training_20_2Tsept
da OneDrive
[ This PC

¥ Network

Zitems 1 item selected 7

. 4 cut B =
= _J e Copy path * x i

I3 Mew item ~

W [ 0pen = Fselectan
£ Easy access - | Edit

Select none
Copy M, C Delete R M P rti
P | Paste shotcut | toe  toe | m | folder ORI @ istory | S invert selection
Clipboard Organize New Open Select
« v A » ThisPC » Desktop » floDeRsSs » new 2017 » septl? » Training_20_21sept » R
Name
# Quick aceess Open File - Security Waming
Mew folder
4 Downloads
35 R-34.1-win.exe The publisher could not be verified. Are you sure you want to run this
[ Desktop software?
£ Documents e Name: ...ew_2017\sept17\Training_20_21sept\R\R-3.4.1-win exe
% OneDrive Publisher: Unknown Publisher
&1 Pictures Type: Application
app From:  C\Users\admin\Desktoph\fLoDeRsSs\new_201T\sept 1 7...
R
Screenshots

Run Cancel

[7] Always ask before opening this file

This file does not have a valid digital signature that verifies its
publisher. You should only run software from publishers you trust.
How can | decide what software to run?

8. Follow the instructions to install the software on your PC
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ii. R Studio Installation

1. Go to www.rstudio.com and Click on the "Download RStudio" button.

T - 7 - T 5 - 5~
wgye o o e B
ST T Tl - S e e Y R i A S W i S e e Wi,
. & O studio S 6 Mmass Bop Q@

s d L Download Rstudio i)

RStudio B@
Open source and enterprise-ready -

professional software for R i,

Bt et RStudio Shiny R Packages

A few of our professional fans.

2. Click on "Download RStudio Desktop Open Source."

@ Download Rétutic - RS: % e - o x
& o C | @ Secure | ntips//wwwsstudio.com

* G+
i fpps [} Vilagesininda [ vilsgeinio [ Reverb|ECHO [ Yohoo A Notional Isiitvte O (@) Latitode and Longit [ MetData @ Moderste Resolution  Draft Planto Study © () AQUASTAT - FAD's »

@Studio studiozconf  Products  Resources  Pricing boutUs Blogs Q

Choose Your Version of RStudio

3. Click on the version recommended for your system, or the latest Windows version

@ Download RStudeo - RSt X
< c|a
= Apps

=] - a8 x

it s rstudio com/ | Ll R
[y vilagesinindis [B] vilegeinio [Y Reverb|ECHO [ Yehoo M Mational institte ¢ (7) Letitudeend Longitu [} MetDsta @ Moderste Resolution B Draft Plan to Study T ACQUASTAT - FAD's

GStudio A Bicing - About s Begs Q

RStudio Desktop 1.0.153 — Release Notes

2455714 FageFI37 FeocETse289achch
FRedffa7ecs2665524192477 facd346
2077c181 31 1d 15004 #
92ela2zd149

S5a55beE14T
@b71cSaTFcSIcBabIfebT242240b3531

Source Code

~ WD @ @ e
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4. Save the executable file and Run the .exe file

[= | = = =
% 9% X L8 L
:.__u..m.. = B = gt B == =3 e s e

0 [i&] Filters “/
Best match
@ RStudio
Desktop app
Apps
& Remote Desktop Connection
Run
& RStudio-1.0.153.exe
®” Ri38634.1
Search suggestions
L r-see web results
Folders

Photos

~TO@ e @ e M o

9/13/2017

Page | 6



III. Remote sensing and GIS

Introduction

Remote sensing is a multi-disciplinary science which forms a complete integrated system to
detect, monitor and obtain information or physical characteristics of objects or areas at the
earth’s surface by measuring its reflected and emitted radiation using instruments which are
remote to the surface typically from satellites. Remote sensing enables to observe and collect
data for a broad area at a time and to observe the area for a long period by which time series
data is easily obtained and change detection is effortless. This substitutes the costly and slow
data collection on the ground making it possible to collect data of dangerous or inaccessible
areas. Remote sensing has made it easy for scientist necessitating continuous data requirements
for atmospheric, ocean, and land studies at a variety of spatial and temporal scales to identify
environmental attributes relevant to global change research by monitor physical and biological

processes.

Applications of Remote Sensing widespread in many fields Oceanography, Glaciology,
Geology, Topography and cartography , Agriculture, Hydrology, Oil and mineral exploration

and Climate.

NDVI (Normalised Difference Vegetative Index)

Remote sensing phenology studies use data gathered by satellite sensors that measure
wavelengths of light absorbed and reflected by green plants. To determine the density of green
on a patch of land, researchers must observe the distinct colours (wavelengths) of visible and
near-infrared sunlight reflected by the plants. When sunlight strikes objects, certain
wavelengths of this spectrum are absorbed and other wavelengths are reflected. The pigment
in plant leaves, chlorophyll, strongly absorbs visible light (from 0.4 to 0.7 pm) for use in
photosynthesis. The cell structure of the leaves, on the other hand, strongly reflects near-
infrared light. Many sensors carried aboard satellites measure red and near-infrared light waves
reflected by land surfaces. Using mathematical formulas (algorithms), the raw satellite data
about these light waves is transformed into vegetation indices. A vegetation index is an
indicator that describes the greenness, the relative density and health of vegetation for each

picture element, or pixel, in a satellite image.
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Calculations of NDVI

NDVI is calculated from the visible and near-infrared light reflected by vegetation. Healthy
vegetation (left) absorbs most of the visible light that hits it, and reflects a large portion of the
near-infrared light. The Normalized Difference Vegetation Index(NDVI) can be calculated by

NDVI = (NIR — VIS)/ (NIR + VIS)

Calculations of NDVI for a given pixel always result in a number that ranges from minus one
(-1) to plus one (+1); however, no green leaves gives a value close to zero. A zero means no
vegetation and close to +1 (0.8 - 0.9) indicates the highest possible density of green leaves.
MODIS product MOD13A1 is used to obtain NDVI values of 500m resolution. The data is
captured for every 16 days.

Land Surface Temperature

Land surface temperature is how hot the “surface” of the Earth would feel to the touch in a
particular location from a satellite’s point of view, the “surface” is whatever it sees when it
looks through the atmosphere to the ground. It could be snow and ice, the grass on a lawn, the
roof of a building, or the leaves in the canopy of a forest. Thus, land surface temperature is not

the same as the air temperature that is included in the daily weather report

The data is collected by the Moderate Resolution Imaging Spectroradiometer (MODIS) on
NASA’s Terra satellite. Temperatures range from -25 degrees Celsius (deep blue) to 45
degrees Celsius (pinkish yellow). At mid-to-high latitudes, land surface temperatures can vary
throughout the year, but equatorial regions tend to remain consistently warm, and Antarctica
and Greenland remain consistently cold. MODIS product MOD11A2 is used to obtain LST

values of 1km resolution. The data is captured for every 8 days.

Protocol to Generate NDVI and LST

The HDF files for LST (°C), NDVI were downloaded from the MODIS website using the
MODI11A2 and MODI13A1 products respectively by specifying the coordinates and time
period (dates). HDF files were then converted to TIF files using gdalUtils package of R
software. The pixel values were converted to index value for NDVI (pixel value X 0.0001) and
LST were converted to degree centigrade (pixel value X 0.002- 273.15 Kelvin). In NDVI the
index values were considered negative for water, 0-0.1 for rock, soil and barren land. 0.2- 0.4

was taken as low vegetation, 0.41-0.6 as moderate and 0.6-0.8 as high vegetation.

1. Arrange the excel sheet (CSV/XLSX) comprising latitude & longitude and its address.

2. [Install the following Packages in R software"rjava", "raster" ,"Rcurl" and "gdalUtils"
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3. Download the Data from an Online Source LAADS DAAC- Click on Find data

unvesd) - rashvmikt. % '\ G laads lanc - Googhe Ses- x | @ LAl
> C &

ps://ladsweb modaps.eosdis.nasagov

ABOUT LAADS DATA DISCOVERY

What we do Information, products, and services

Purposs & Mission Missions & Measurements

| 1)
* @ i

QUALITY

Evaluation and validation

Product Quality Assessment

About our Atmosphere Find Data

MODIS Atmosphere Product Validation

Tools & Services

4. Select MODIS: TERRA Sensor.

(37 urvesd) - rashmikur X

L= C | @ Secure | hitps

G ladacase - Gaogleseal )/ @ Find Data - LAADS DAAC

ladsweb,modaps eosdis.nasa.goy

AVHRR NOAA-
AVHRR NOAA-19
Multip

1MODIS Combined-Terra-Aqua
10DIS Terra.
ESA-Copemicus-Senfinel-3A
TRESA-Copemicus-Sentinel-3A

VIRS:Suomi-NPP.
All Sensors

Distribut

MODIS Land Product Validat

o= | 6 e
* B i

Qualiy +  Help

Privacy Policy and Important Notices

5. Select the collection- MODIS collection 6 Atmosphere, Land

5 37 urveod) - reshmiurt. X | G laods deac - Google Sea X ) @ Find Dota.- LASDS DAAC X
€« C | & se

ladsweb.modaps.eosdis nasa.gov,

6
55~ MODIS Collection 5 5 - Selected Land Products
61 - MODIS Collection 6 1 - Level 1, Atmosghere, Land
404 - MODIS Collection d - Gap Filled an ved Land Products for NACP .
1003 - MODIS Collection § - Gap Filled and Smootfied Land Products for NCAP over Asia’
MODIS Terra, Aqua [7]
Atmosphere [10]
Aerasol [2]
ter Vapor [1]
ud Properties [1]

Atmasphere Profies [1]

Join ere Proauct (1]

L3 Atmespnere Praguet [3]

e (i
v @ ¢

wdData  Data Dk Help ~

Privacy Policy and Important N

e .
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6. Select the product MOD11A2 for LST and MOD13A1 for NDVI

S s 25 ) e i o v e

Atmosphere [10]

8. Select the location by specifying the area or selecting the country boundaries

5 (37 urewsd) - bkt X { G eace danc - Google Ses: X )/ @ LAADS S8O [3: MOD1.. X o 15 it

€ @ | @ secure | ntipsy/adswebmodaps.eosdi.nasa.gon * @ :

Flal IRCH ¢ aa i

9. The files will appear in the Files menu which can be downloaded by clicking on it




10. R code to generate input .csv file containing geo coordinates.

library(rgdal) Data format

library(raster)

#Set directory by clicking on Session in the menu bar and on set working
directory and select choose directory. Now choose the folder containing

input files. The output files will be saved in the selected folder

s=readOGR("shp/2011_Dist.shp") # shapefile of |:
India (District level)
s1=cbind(s@data,coordinates(s))

SERaHYERESEES
i

Esb83sfeit

colnames(sl)
colnames(s1)[6:7]=c("long","lat")

write.csv(sl,"IND_dist.csv")

H
EEESHENE Y

EHEEHUEYEN RSN

HE
«HEYNBRL RSN WsYudnat
H

s
5 «
B
s

Io[BEYREREOEBREN RN

11. TIF file generation

#LST

library(gdalUtils)

library(MODIS)

files <- list.files(path="LST",pattern = glob2rx("*.hdf"),full.names = T)

#specify the directory name containing HDF files
J<-length(files)
date=extractDate(files,asDate = T)
filename <- pasteO("LST/", substr(files,23,28),date$inputLayerDates,".tif")
# specify the directory name to store TIF files
i<-1
while(i<=j){
sds <- get subdatasets(files[i]);
gdal translate(sds[1], dst_dataset = filename[i]); # sds[1] LST

1<-i+1;

#NDVI
library(gdalUtils)
library(MODIS)
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12.
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files <- list.files(path="NDVI" pattern = glob2rx("*.hdf"),full.names = T)
#specify the directory name containing HDF files
J<-length(files)
date=extractDate(files,asDate = T)
filename <- pasteO("NDVI/", substr(files,24,28),dateSinputLayerDates," .tif")
# specify the directory name to store TIF files
1<-1
while(i<=j){
sds <- get subdatasets(files[i]);
gdal translate(sds[1], dst_dataset = filename[i]); # sds[1] LST
1<-it+1;

}

Remote sensing variable extraction

#LST Measurements

ss<-read.csv("IND _dist.csv",sep=",",header=T,check.names = F) # Specify the
geocoordinates file

filename <- list.files(path="LST/",pattern = ".tif",full.names = T) #specify the

directory name containing TIF files

x<-ss$lat

y<-ss$long

data<-data.frame(y,x)

latlon1<-CRS(*+proj=longlat +datum=WGS84 +no defs +ellps=WGS84
+towgs84=0,0,0"

coordinates1 = SpatialPoints(data,latlon1)

sinus] = CRS("+proj=sinu +lon 0=0 +x 0=0 +y 0=0 +a=6371007.181
+b=6371007.181 +units=m +no_defs")

coordinates sinusl = spTransform(coordinates1,sinus1)

df total<-NULL

i=1

for(i in 1:length(filename))

{

my<-raster(filenamef[i])




my<-stack(my)
dd<-extract(my,coordinates _sinusl)
tempf = which(is.na(dd))
if(length(tempf) !=nrow(dd))
{

df total<-cbind(df total,dd)
}

b

df total = as.matrix(df total)

write.csv(df total,"IND LST.csv",row.names = F) # output filename

#NDVI Measuements

ss<-read.csv("IND _dist.csv",sep=",",header=T,check.names = F) # Specify the
geocoordinates file

filename <- list.files(path="NDVI/",pattern = ".tif",full.names = T)#specify the

directory name containing TIF files

x<-ss$lat

y<-ss$long

data<-data.frame(y,x)

latlon1<-CRS(*+proj=longlat +datum=WGS84 +no defs +ellps=WGS84
+towgs84=0,0,0")

coordinates1 = SpatialPoints(data,latlon1)

sinus] = CRS("+proj=sinu +lon 0=0 +x 0=0 +y 0=0 +a=6371007.181
+b=6371007.181 +units=m +no_defs")

coordinates_sinusl = spTransform(coordinates],sinus1)

df total<-NULL

i=1

for(i in 1:length(filename))

{

my<-raster(filename[i])

my<-stack(my)

Page | 13



dd<-extract(my,coordinates sinusl)
tempf = which(is.na(dd))
if(length(tempf) != nrow(dd))
{

df total<-cbind(df total,dd)

df total = as.matrix(df total)

write.csv(df total,"IND_ NDVIL.csv",row.names = F) # output filename

13. Preview of output files

NDVI and LST values.

% | aon <n Gewnl - B Condtons Formatting - Belet -+ X - fre B A | - Generl = I Coniional Formatling - | B st = | % e~
B - T2 9 0 [ Formatas Table Evaee - [T~ 2~ By - G- 9 0 (i Fommatac Table - B Deiete - | [T £

e R ST oy 5 B i B | bR B T P i 3 [ B

5 Wb 28 I3 Celt syles Eiformat- 4 z 48 07 col Stes 5 Farmat

Clipbasrd 1 Fant i3 Aigrment o Mumbe Stes cells Editing ~ | cipbasra = Fent 5 Aignmert o Humber Shvies cell: Edting -

AL v Fo| st || m =z % | nowi -
A s A £ v s " ) « L ™ N 4 & | = c o E 0 5 W ) 3 i M N -

1 [T 1 [Novi

2 465759 2 | 0.273637

3| azssan 3 | 0242022

4 455053 4| 0.2a5027
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6 2668148 5 | 0.77752

7 487866 7| 023062

& ss00m3 8 | 0.226108

0 3133908 9| 0467209

10 391148 10 0298692

1 asas 11| 0306475

12 a06299 12| 0.262377

13 3116220 13| 0518848

18 4374327 14| 0.2202m1

15 35.357% 15| 0.292933

16 3972808 16| 0.298796

17 911736 17| 0287938

18 4884358 18| 0.237228

18 3985853 19| 0.248154

20 41.15806 20 0378831

21 4274003 21| 0.228502

22 wsmn 22| 0.6223m

3 s 23| o0sa0s

24 1938678 24| 0.375002

25 as.se201 25| 0282516

25 3257685 26 0.505732

7 aL16045 27| naraam

28 482578 28| 0213664

28 4050995 29| 0.247549

0 427718 30| 0.232227

31 4782933 31| 023173

32 4074833 32| 0.254741

35 2062306 33| 0.560509

34 a1s0045 24| 032007

35 e 35| 0507231

3 3657285 36 0339808
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3 3006702 38| 0.6ama

30 4283155 - |l ozeaiz -
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IV.  Meteorological Parameters

Introduction

All meteorological parameters are subject to short-term variations, normally caused by
turbulences within the atmosphere. They are influenced by solar radiation, directly or
indirectly, and this results in typical daily or yearly trends.The main meteorological parameters
in this field are: Temperature, Pressure, Sea level pressure, Precipitation, Perceptible water,

Zonal wind, Meridional wind, Relative Humidity etc.

Protocol for generating Environmental parameters

GLDAS Noah Land Surface Model containing the environmental parameters such as Potential
evaporation rate (W m-2), Pressure (Pa), Specific humidity (kg/kg), Total precipitation rate (kg
m-2 s-1), Soil moisture (kg m-2), Temperature (K), Wind speed (m/s) were downloaded and

data was extracted.

1. Arrange excel sheet (CSV/XLSX) comprising latitude, longitude and address.
2. Data was downloaded from the “GLDAS NOAH025 M V2.1” Dataset

(https://disc.sci.gsfc.nasa.gov/) by setting the start and end dates.

3. The extent of map was set to the boundary of India map by drawing rectangular box.

p—
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4. The dataset was downloaded from search results.

[ cesoisc x { N GESDISC 8 -

€ G| @ Secure | ttps//discscigefznasagoy

W EARTHDATA Find a DAAC +

GES DISC [ e e e vyt ies| # A Feeack Hepv Login
Atmospheric nergy Cycke y a8 ]

9 Data Collections  snouing 1-1cr1 datasets associated wih GLDAS_NOAHQ25 1M V2.1 for date range 2000-01-01 to 2017-1-18 within 66,358, 6.328, 100,18, 37.563

Temporal Spatial Process
Refine By Image  Dataset Source ¢ Resoluion$  Resoltion® Level#  BeginDate EndDate
EI e ModelsiAnalyses 1 menin 025°x025° 4 20000101 20174118

atmosperc Pressure (1 g“"} ———

Amospheric Radation (1) L >'

Atmospneric Temperaturs (1) -

Atmospheris Nater Vapor (1} Hover

Amospheri i
More.
Measurement ot
Evapotrnspiaicn (1)
Heat Flux (1)
Humidity {1)
Lend Surace Tampecalure (1)
Longuiave Redalon (1)
More...
Source ot »
Vodes/anelyses Noh-LSV (°

Pracessing Level Sori~
4

Project Sort -
GRS (1)

Terporal Resolution Sot+
1 month (1

Spatial Resolution Sort~
025°%x025* (1,

85 NOAH025_V_V2.18:tari=2000-01-D1Bienc=2017-11-188bbox=E

soves ] | 0 ¢ & ¢ T3 s wow B

#GLDAS data extraction code
library(ncdf4)

library(raster)

library(rgdal)
library(data.table)
library(qdap)

pars=c("PotEvap tavg","Psurf f inst","Qair f inst","Rainf f tavg","SoilMoi0 10cm
inst","Tair f inst","Wind f inst")

files nc=list.files(path="E:/NC4/GLDAS _NOAHO025 M.2.1/LSM/",pattern=glob2rx(
"* nc4"),full.names = T,recursive = T) #specify the directory where the GLDAS
dataset is downloaded.

files nc=grep(paste0(2013:2017,collapse = "|"),files nc,value = T) # To filter data
between particular years

k=1

fs="IND_dist.csv" # input file containing lat long
ss<-fread(fs[k],header=T,check.names=F,data.table = F)
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#Change column names of geo-coordinates to long,lat
# names(ss)[6]="long"
# names(ss)[7]="1at"
for (j in 1:length(pars)) {
for (k in l:length(fs)) {
x<-ss$lat
y<-ss$long
data<-data.frame(y,x)
df total<-data.frame(c(1:(nrow(data)+1)),stringsAsFactors = F)
for(i in 1:length(files nc))
{
mydata<- raster(files nc[i],varname=pars[j])
crs(mydata) <- "+proj=longlat +datum=WGS84 +no defs
+towgs84=0,0,0"
ff<-extract(mydata,data)
fffwhich(ff=="-9999")]=""
if(i==06)
{
ff= as.numeric(ff) -273.15
b
dd<- substr(basename(files_nc[i]),18,23)
dd=pasteO(substr(dd,1,4),"-",substr(dd,5,6))
ff<-c(as.character(dd),ft)
df total<-cbind(df total,ff)
}
v=as.character.Date(data.frame(df total[1,]))
v=substr(v,nchar(v)-6,nchar(v))
v=gsub("\\.","-",v)
df total= setNames(df total,c(v))
df total=df total[2:nrow(df total),2:ncol(df total)]
final df=data.frame(stringsAsFactors = F)
final df=cbind(ss,df total)

+ellps=WGS84
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filename= pasteO(beg2char(basename(fs[k])," "),

fwrite(final _df,filename,row.names=F,col.names=T,sep

" ")
b

Jpars[j],".csv",sep="")

The input file containing latitude and longitude were read and corresponding parameter

values were extracted from the downloaded datasets.

5. Preview of output .csv/xlsx files containing remote environmental values.
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V. Generation of maps using R

Introduction

A map is a graphic representation or scale model of spatial concepts. It is a means for conveying
geographic information. Mapping of disease events is one of the best method for better
visualization for exploring the complex structure of data. Data visualization is not only creating
interest and also attract the attention of viewer and provide the way for discovering the pattern.
Disease mapping is one of the tools of geographical epidemiology, fulfilling the need to
generate accurate and precise maps of disease events. For Example, dot or dot density maps
are used display point data, while areal data were presented by Choropleth (Intensity) maps
and for continuous surface data. In the veterinary epidemiology, the presentation of maps is

established as a basic tool for analysis and interpretation.
Maps are useful visual tools, from displaying sample sites to performing spatial analyses,

i. Shape files:
A shapefile stores geo-spatial data and attribute information related to the dataset. Shapefiles
can support points, lines, and polygon features. Areas are represented as closed shape, double-

digitized polygons.

An ESRI shapefile consists of a main file (.shp), an index file (.shx), and a dBase (.dbf) table.
The main file is a variable-record-length file each record representing a geometry shape with a
list of its vertices. Index file record contains the offset which indicates beginning of the record
in main file. The dBase has attributes with one record per feature. The order of records in the

dBase must same as records in .shp file.
. Main file: 2011 _Dist.shp
. Index file: 2011 Dist.shx

. dBase table: 2011 Dist.dbf

ii. Link to download the shape files
https://drive.google.com/file/d/1RoyV52W08weGPHp-ZEaOnfETn4GYrjhU/view?usp=sharing

Page | 19



Generating Point maps when input data contains Geo coordinates.

1. Install packages (rgdal) and load library

install.packages("rgdal") #Don’t run if already installed
library(rgdal)

2. Set directory(mention the path of the folder) or go to session in the menu bar and click on

set working directory and select choose directory.

[0 Rswudio
Fle Edt Code Yiew Plots §ession fuld Debug Profile Took Help
- BB New Session ‘

[ | Envitonment  History [=J=]

| rRun  S% o Source - e oz

& Clssurceor
I Mibrary(rgdal)
Tibrary(rgeos)

3. Read the file containing lat long and output data

df=read.csv("latlong.csv")

Data Format

#filename containing geo-

coordinates
ka=readOGR("shp/2011_Dist.shp")
#Shapefile of India (District level)

4. R code for plotting the point map

plot(ka, main= "Name of the map") #plots the outline of the map, Main ="the title of
the map”

xy=df,c(2,1)]

points(xy,col="red",cex=0.5)Col represents the colourof the dots displaying on map,

cex="size of the dot”
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5. Exporting the map in an image or PDF format.

File Edit Cede View Plots Session Build Debug Profile
Q- O =2
O untitled1* ©] Point_map.R* O Intensity_map.R.

SourceonSave | & /7 -
1 1install.packages("rgdal™)

2 Tibrary(rgdal)

3 #point map

4 df-read.csv("latlong.csv™)

5 ka-readoGR("shp/2011_pist.shp")
6 plot(ka)

7 ky=df[,c(2,1)]

8§ points(xy,col="red",cex=0.5)

a

71 | (Top Level) &

Console  Terminal

LU an 3 1iEIun
plot(ka)

xy=df[,c(2,1)]

points(xy,col="red")

df=read. csv("latlong.csv")

> ka=readoGrR("shp/2011_Dist.shp")

0GR data source with driver: ESRI shapefile

VOV VW

Tools Help

~ Addins -

=+ Run

L3

Source

=0

R Script

=0

source: "C:\Users‘\Rashmi‘\Desktop\April\SAARC Training\training\Files\shp\2011_bist.shp",

layer: "2011_pist”

with 641 features

It has 5 fields

> plot(ka)

> xy=df[,c(2,1)]

> points(xy,col="red", cex=0.5)
>

Em

[

) Project: (None) ~

Environment  History  Connections 50

Files Plots Packages Help Viewer

=5

4 /5 Publish ~

A zoom | -Tepert~ | @ |

= SaveasImage.
“ Saveas PDF..

Save the current
G
U “°PY plot as a PDF file
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(25
Moy
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T
AnleSIN T
AT
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o
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Intensity map
iii. Intensity World map
1. Install and load packages rgdal, plyr and dplyr

nn

install.packages(c("plyr","dplyr","rgdal")) #Don’t run if already installed
library(rgdal)

library(plyr)

library(dplyr)

2. Set directory (mention the path of the folder) by clicking on Session in the menu bar
and on set working directory and select choose directory. Now choose the folder

containing input files. The output files will be saved in the selected folder

[© esiudic - o =
B Bt Code View Plow [Sesion Build Debug Drofie Took Hep
Q- B3 e Session |

B Dlsouceor Teminate .

o4 L Souee -
. Bestit R Culeshin-F10
62 i
6 89 obs. of 2 variabl
& Pp— [ — 245 . of 32
- R F1es : Factor w/ 284 levels T7,” 1367851221
& vt Encomboaom=y Our:d 23 se1rezon L
68+ wor Ga,..: 15 64 18 6 11 3 12
69 Ka-readodR ("TH_wa p-2.she

-: plotika e ? L1104 163127511
73 anga 4 2 1260 2740 2820 124670 20 273669 768230 71 ...
73 POP20S ¢ fAt 83039 12854150 8352021 MSI7IL 017661 16095214 64051
i v REGION : fnt 19 2 142 150 142 2 919 9 142 ...

5 > SUBREGION: 1Nt 29 15 145 39 145 17 615 53 145 ...

o scre LON : num -61.78 2.63 47.4 20.07 44.56
= o | AT : fum17.128.2 40.8 41.1 40.5 .

M Pt pakages Hep Viewer =
 egor -

3. Feed the shape file and input file.

ka=readOGR("TM_WORLD_BORDERS-

.3/TM_WORLD_BORDERS-0.3.shp") B (o i o

= & oo T [ S R e K

- BLEE A BEBEE Huewstne- §-% ¢ WS e

# read the world shape file

plot(ka) #Plots the outline of the world map
df=read.csv("TM_WORLD_BORDERS-
0.3.csv")

#Read the .csv file containing outbreak

data

B L
1 e o
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4. R code for world map

ka@data=join(data.frame(ka@data),data.frame(df),type="left" ,match="first")
#Joining the shape file data with input data

spplot(ka,main="World Intensity Map", "Value",col.regions=c("white",
"yellow","orange","red") ,at=c(0,2,4,6,8,10),scales=list(draw=T))

nmn

pink",

#Plotting the map with colouring the output data, Main ="“the title of the map”
Value indicates the column name of data to be presented on the map,Col.regions
will represent the colours for the range of values, scale indicates lat long of the world

map, at divides the output data into 5 intervals.

5. Export the plotted map (Save as image or PDF)

@ Rstudio - X
Flle Edit Code View Plots Session Build Debug Profile Tools Help
-2-lB8 B S (55« addins ~ & project: (None) ~
89 cR — [ Envionment History =
T -ral - > =
oo (3 Osourceonsave | Q /- il “#Run | 39 | [ Source = I | e =
2 ==
& ) & 200m | Heot - | @) % puslish - (&
64
65 ) Save asImage.
o T Save as PDF...
68 # w (3] Cog] Save thecurrent
69 reachR "TM_WORLD_BORDERS-0. 3 /TM_WORLD_BORDERS-0. 3. shp™) plot as a PDF file

70
71 GForead. csv("TM_WORLD_RORDERS-0. 3. Csu"
72 (data. frame(kacdata) , data. frame(df) , type="left", match-"Firsc")
73 ka,"value",col.regions=c("white", "pink", "yellow", "orange”,"red"),
74 at=c(0,2,4,6,8,10) , scales=Tist(draw=1)) 0
75
76 ¥ world v
< > 5
761 | (fop Leval) = R Seript ¢
Console C:/Users/admin/Desktop/fLoDeRsSs/new_2017/septt/Training_20_21sept/Required Files == s
> ka—readoGR( “TM_WORLD_BORDERS -0. 3/TH_WORLD_BORDERS -0. 3. shp™)
0GR data source with driver: ESRI Shapefile
Source: "TM_WORLD_BORDERS-0.3,/TM_WORLD_BORDERS-0.3.shp"”, layer: "TM_WORLD_BORDERS-0.3" 4
with 246 features
It has 11 fields
2

Integer64 fields read as strings: POP200S

> plot(ka)

> df=read. csv(""TM_WORLD_BORDERS-0. 3. C5V")

> kagdara-join(dara. frane(ksedata)  data. frame(df) type—"lefr" march-"Firse")
POP2005, REGION, SUBREGION, LON, LAT 10050 00

O pince: "yaTiou". "orAnge", red"},

100°E

,"pink”, "yellow", "orange”,"red"),

. pink”,"yellow", "orange”,"red"),
at—c(0,2,4,6,8,10),scales=1ist(draw=T))

- 11 PM
~M QI & ene TR
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iv.

1.

Intensity map- State wise India Map

Install and load packages rgdal, plyr and dplyr

2. Set directory

3.
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Feed the shape file and input file.

ka=readOGR("state/state.shp")

Data Format

) - e - Wi Excel
| tome | ot Paselwmst  Fomus:  Gabs  Bedew  Vew  Dewoper

# read the State wise India shape
file

plot(ka) #Plots the outline of the map
df=read.csv("district.csv") #Read

N A = ] | S e -
S5 A EEEEE st §-% o WA Cesee

the .csv file containing outbreak

data

R code for State wise India map

df=dffwhich(df$disease id==8),] #specify the disease id

df agr=df %>% group by(state id,state name) %>% summarize(outbreaks =
sum(number_of outbreaks, na.rm = TRUE)) #to extract the disease outbreak data
and aggregate it to the state level

colnames(df agr)[2]="ST NM" #to change the column names of state as present in
the shape file.

View(ka@data) #To view the column names of the shape file data

names(ka)

ka@data=join(data.frame(ka@data),data.frame(df agr),type="left",match="first")
ka$outbreaks[is.na(kaSoutbreaks)|<-0 # To join the shape file and outbreak data,
and to set 0 at the missing data

spplot(ka,"outbreaks",main="Anthrax disease outbreak map",
col.regions=c("white","pink","yellow","orange","red"),cuts=4,
scales=list(draw=T)) # to Plot the disease outbreak data map._Main ="the title of
the map”, outbreaks indicates the column name of data to be presented on the map,
cuts divides the output data into intervals.if cuts=4, five colours are to be entered.

colors() #colors can be chosen using the color names available.




5. Export the plotted map (Save as image or

PDF)

- 8 x

& project one) +

=1=]

strict.csv

id,state_name) =
um (nunber _of _outbreak:

2
13 35°N
14  katdatajoin(data. frame(katdata) data. frame(df_agr) ,type="left" match="first")

15 kaSoutbreaks[is.na(kasoutbreak: 0

16 spplot(ka, outbre: in="" disease outbreak map",

17 egions ‘white","pink”, "yellow", "orange”, "red"),

18 cuts=4,scales=Tist (draw=1)) 0N
1

20

2 v

161 (Top Level) + R Script & 25°N

ept17/Training_20_21sept/Required Files, =0

> df-read. csv("district.csv") 2
> df=df [which(df Sdisease_id—8),] 20 1
> df_agr= df %% group_by(state id,state_nane) %%

Summar i ze (outbreaks = sun(number_of outbreaks, na.rm = TRUE))
> colnames (df_agr) [21="ST_\
> view(ka)
> naes (ka) 150 -]

[1] "sT_w"
> kaedata=join(data. frame(kadata) ,data. frame(df_agr) , type="left", match="first")
Joining by: ST_w

> kasoutbreaksis. na(kasoutbreaks)]<-0

outbreaks” ,main="Anthrax disease outbreak map",col.regions=c("white","pink", 10 o
orange”, "red"),

uts=d,scales=1ist (draw=T))

.rm - TRUE))
na.rm = TRUE

© Rstudio
Fie Edit Code View Plots Session Buid Debug Profie Tocls Hep
9-2-la 3 [ -/ addins ~
7 Untitedre ) Envionment History
3 Olsourceonsave  Q / ~ . “#Run | (59 [HSource v =
Fies Plots  Pacages Help Viewer
5 ka-readocR("state/state. shp") - v -
(ka) & & zoom | Fepot - O ¥

=5

& Publsh ~

5] Saveas Image. se outbreak map

T Save as PO,

21 Copy to Cipboar.
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> spplot(ka, "outbreaks” ,main="Anthrax disease outbreak m
+ col.regions=c("white", "pink”, "yellow", "orange”, "
" Cutsed,scales=1ist (draw-1)) 8

o B

V. Intensity map- District wise India Map

1 Install and load packages rgdal, plyr and
2 Set directory
3 Feed the shape file and input file.

dplyr

]

4 R code for District wise India map & extracting the state for separate state map

ka=readOGR("District_shp/2011_Dist.shp")
# Read the district level India map shape file
plot(ka) # plot the map

View(ka@data)

# extracting state, district wise map# |
ka=ka[which(ka$ST CEN_CD==15),]
#specify the state code for separate state map
plot(ka) #plots the state map

# extracting state, district wise map#
df=read.csv("district.csv") # Read the .csv
file containing outbreak data(all india/

specific state)

Data Format
I'™NCERDE distickesv - Microsoft Bxcel
- Home | Inset  Pageloout Fomulas  Data  Review  View  Developer
B * ot Calbr <1 =(®| | Swapret Genersl . ﬂ
T—"|l53 Copy - £
e | g romathane || B £ 07| | EBergeacener [+ % o 58 5| Conditn
Clipboard i Font & Alignment & Number i
I M %]
A B 5 D E F G
1 state_name state id district id district_name disease_id disease_name number_of_outbreaks
2 Andhra Pradesh 1 117 Prakasam 43 Haemarrhagic septicaemia 4
3 |Andhra Pradesh 1 117 Prakasam 12 Bluetongue 1
4 |Andhra Pradesh 1 108 Karimnagar 37 Foot and mouth disease 1
5 |Andhra Pradesh 1 103 Chittoor 43 Haemarrhagic septicaemia 1
6 |Andhra Pradesh 1 103 Chittoor 11 Black quarter 2
7 |Andhra Pradesh 1 103 Chittoor 8 Anthrax 1
8 |Andhra Pradesh 1 108 Karimnagar 11 Black quarter 2
9 |Andhra Pradesh 1 111 Kurnool 11 Black quarter 1
10 |Andhra Pradesh 1 102 Anantapur 43 Haemarrhagic septicaemia 1
11 |Andhra Pradesh 1 102 Anantapur 11 Black quarter 4
12 |Andhra Pradesh 1 122 Warangal 11 Black quarter 1
13 |Andhra Pradesh 1 120 Visakhapatnam 37 Foot and mouth disease 1
14 |Andhra Pradesh 1 114 Nalgonda 48 Haemorrhagic septicaemia 7
15 Andhra Pradesh 1 113 Medak 8 Anthrax 2
16 Andhra Pradesh 1 113 Medak 11 Black quarter 4
17 Andhra Pradesh 1 113 Medak 79 Trypanosomiasis 3
18 |Andhra Pradesh 1 110 Krishna 43 Haemorrhagic septicaemia 3
19 |Andhra Pradesh 1 114 Nalgonda 11 Black quarter 8
20 Andhra Pradesh 1 115 Sri Potti Sriramal 31 Enterotoxaemia 1
21 |Andhra Pradesh 1 107 Hyderabad 43 Haemarrhagic septicaemia 2
22 |Andhra Pradesh 1 107 Hyderabad 11 Black quarter 1
23 Andhra Pradesh 1 107 Hyderabad 37 Foot and mouth disease 6
24 |Andhra Pradesh 1 112 Mahbubnagar 65 Sheep & Goat pox 1
25 Andhra Pradesh 1 112 Mahbubnagar 62 Rabies 1
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df=dffwhich(df$disease id==8),] #Extract the disease outbreak data by specifying the

disease id

df agr=df %>% group by(state id,state name,district id,district name) %>%
summarize(outbreaks = sum(number of outbreaks, na.rm = TRUE)) #aggregate it to the

district level.

colnames(df agr)[1]="ST_CEN_CD"

colnames(df agr)[3]="DT_CEN_CD" #Change the column names of state and district as

present in the shape file.

View(ka@data) #check and view the column names of the shape file data

names(ka)

ka@data=join(data.frame(ka@data),data.frame(df agr),type="left",match="first")

kaSoutbreaks[is.na(ka$outbreaks)]<-0 # To join the shape file and outbreak data, and to set

0 at the missing data

spplot(ka,"outbreaks",main="Anthrax disease outbreak map",

col.regions=c("white","pink","yellow","orange","red"),cuts=4,scales=list(draw=T))

# Plot the disease outbreak data map Main ="the title of the map”,

5 Export the plotted map (Save as image or PDF)

= H ==

District wise Intensity map of India District wise Intensity map of
Maharashtra State
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VI.  Generation of Risk Maps

Risk map
A risk map is a data visualization tool for communicating level of risk for specific disease. A risk
map is used to assist in identifying, prioritizing, and quantifying risks associated with the disease

occurrence.

Protocol to Generate risk maps

Disease Climate Modelling also known as Species distributions models (SDMs), bioclimatic
envelope models, ecological niche models and habitat suitability models, explore the relationship
between geographical occurrences of species or disease occurrence and corresponding

environmental variables.

i. Data preparation
e The livestock disease outbreak data has to be collected for a particular place and time

period. The geo coordinates of the outbreak locations can be obtained by Google API.

Data format

=] Bl -
HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW
A-D kS A = o, | FE Conditional Farmatting - & |
Bz - % Format as Table ~
Paste 2 Font Alignment Number = ormatesTable Cells  Editing
- - - - {5 cell Styles - - -
Clipboard & Styles ~
Al - S | et v
A B C D E F G H [=

1 |lat long value
2 | 21.15552 76.15664
3 | 21.31548 75.28874
4 | 20.75367 75.66935
5 20.8822 75.12535
6 | 20.66928 75.22908
7 | 20.92658 75.33247
&  21.00766 75.5626
9 | 21.21187 75.804
10 | 21.15063 75.88593
11 21.23422 75.1634
12 | 21.00766 75.5626
13 | 20.98388 74.96179

[ N A A A A

latlong

e The district wise remote sensing data obtained using the R code mentioned under heading
IIT B is merged with the geo coordinates of Indian districts. (code given below)

fl=c("IND_NDVlL.csv","IND_LST.csv") # filenames containing generated NDVI and LST
values

fdf=read.csv("IND_dist.csv") #read input file containing geo-coordinates
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for (i in 1:length(fl)) {
d=read.csv(fl[i])
fdf=cbind(fdf,d)

}

write.csv(fdf,"Model IND pars.csv",row.names = F) #filename used for modelling

ii. Disease climate modelling
Geo coordinates of livestock disease outbreak are compiled. The values of environmental and
remote sensing variables were extracted. The extracted valuesand outbreak data are subjected
to disease climate modelling. The model estimates similarity of disease occurrencewith the
climate providing the predicted risk maps, which can be used as the basis for resources
allocation and provide control measures.The different bio modelling data models were used to

predict the risk probability across the region.

R code for Disease-climate modelling

library(biomod2)
library(randomForest)
library(raster)
library(e1071)
library(rgdal)
library(plyr)

set.seed(4)
s=readOGR("shp/2011_Dist.shp") #read India district level shapefile contained in shp
directory

d <- read.csv("Model IND_pars.csv",sep=",",header=T) #read csv file containing remote

sensing parameters along with state and district names
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colnames(d)[c(2,4)]=c("ST_NM","DISTRICT") #rename columns of state and district so as to

match with shapefile column names

s(@data<-join(data.frame(s@data), data.frame(d), by =c("ST_NM","DISTRICT"), type = "left",
match = "first") # join the shapefile data frame and remote sensing data using similar columns.

View(s@data) #Check whether data got merged or not by viewing shapefile data.

r <- raster(extent(s)) #create empty rectangular raster object of shapefile
projection(r) <- proj4string(s) #set projection system of raster to that of shapefile
res(r)=0.01745 #set resolution of raster object
cols=names(d) # obtain column names of data frame d containing remote sensing data.
cols=cols[5:ncol(d)] # obtain only parameter column names from it.
# convert each remote sensing data stored in shapefile to raster object
for(i in 1:length(cols))
{
resize <- rasterize(s, field=cols[i], r) #Fill empty raster object with parameter values
filename= paste(cols[i],".tif",sep="") # filename for raster object
writeRaster(resize, filename, format="GTift",overwrite=T) #write raster to a tif file
}
#create a formula object of dependent and independent variables.
formula=paste(cols,collapse = "+",sep="")
formula=paste("pb ~",formula)

formula=as.formula(formula)

DataSpecies <- read.csv("latlong.csv",sep=",",header=T) # read outbreak data file
containing lat,long

DataSpecies=na.omit(DataSpecies) #Exclude blank values

myRespName <- "AI" # Set a response name

myRespXY <- DataSpecies[c("long","lat")] # store geo coordinates in a variable

myRespXY=na.omit(myRespXY) # Exclude blank values
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myResp<-rep(l,nrow(myRespXY)) # store 1 equal to number of rows in myRespXY to
indicate presence of outbreak

raster data<-list.files(path = ".",pattern=glob2rx("*.tif$"),full.names = T) #obtain path of tif
files used for modelling

myExpl<-stack(raster data) # store it in a single variable

plot(myExpl) # plot the stack data

myBiomodData <-  BIOMOD_FormatingData(resp.var =  myResp,expl.var =
myExpl,resp.xy=myRespXY ,resp.name=myRespName,PA .nb.rep= 2,PA.nb.absences
=200,PA.strategy = "random") #BIOMOD_ FormatingData generates 200 random geo
coordinate points within India, # number of random points can be adjusted

plot(myBiomodData)

coor<-myBiomodData@coord #obtain random geo coordinate points

temp<-length(myResp)+1 #obtain length of myResp variable

presvals <- extract(myExpl,myRespXY) # Extract parameter values for outbreak geo
coordinates

lat<-coor$lat[temp:nrow(coor)] #store latitude of randomly generated points

lon<-coor$lon[temp:nrow(coor)] #store longitude of randomly generated points

latlon<-cbind(lat,lon) # column bind lat, long objects

backgr <- latlon # store it in variable

absvals <- extract(myExpl, backgr[,c(2,1)]) # Extract parameter values for randomly generated
geo coordinates

pb <- c(rep(1, nrow(presvals)), rep(0, nrow(absvals))) # repeat 1 equal to rows of presvals
dataframe and repeat 0 equal to rows of absvals dataframe

sdmdata <- data.frame(cbind(coor,pb, rbind(presvals, absvals))) #combine randomly generated
geo coordinates, binary data and presence absence data frame

count_one<-nrow(sdmdata[pb==1,]) #obtain number of rows where pb is 1.

count_onel<-count_one+1 #increment value

nr<-nrow(sdmdata) #obtain number of rows in sdmdata

cut_abs<-sdmdata[count_onel:nr,] # Extract rows that contain 0 in pb.
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ss<-replicate(10,sample(nrow(cut_abs),500,replace=T)) # create random 500 values using row
numbers of cut_abs variable

pp<-round(rowMeans(ss),0) #Make it integer

gg<-cut _abs[pp,] #Extract the rows

pre_abs<-rbind(sdmdata[ l:count_one,],gg) #bind rows of data frames.

pre_abs<-data.frame(impute(pre_abs)) #Fill empty values.

#GLM Model

ml <- glm( formula,family="binomial", data=pre abs) # provide formula object and data
containing geo coordinates of presence and absence locations along with parameter values

pl <- predict(myExpl, m1,type="response") #predict the probability values for geo coordinates
of raster file.

plot(p1) # plot the predicted raster object

glmresult<- extract(p1l, coordinates(s)) # extract probability values for all districts of India.

rf2 <- randomForest(formula, data=pre abs,ntree=500,mtry=1,importance=T) # provide
formula, presence absence data, number of trees to grow for classification, mtry is square root
of number of variables used in model.

prl <-predict(myExpl, rf2) #predict the probability values for geo coordinates of raster file.

plot(prl) # plot the predicted raster data

rfresult<- extract(prl,coordinates(s)) # extract probability values for all districts of India.

res=cbind(s@data,glmresult,rfresult) # combine shapefile data and model results

write.csv(res,"Results.csv") # write results to the csv file, Change the outputfile name

Note:
Red colour: Change the file name
Purple Colour: comment explaining the changes to make in that line (Red colour)

Blue colour: comment explaining the code line execution
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