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1. Introduction to DroughtWatch

DroughtWatch is an operational drought monitoring system using remote sensing . This enables MODIS data

processing, index calculation, Drought monitoring, statistics and analysis, and data management for Mongolia.

DroughtWatch consists of six modules as shown in Figure 1. The four modules include data preprocessing,
indices, drought, analysis, and database management and an auto operational portal (batch). The system

database was built through Microsoft ACCESS, which manages all kinds of data.

e The main interface of DroughtWatch includes many parts. The Modules menu selects different operating

modules. The Help menu provides assistance on system content.

¢ The Help menu provides detailed instruction about the whole operating system for users. The About section

includes system version information, finished time, copyright and linkage.

e System access and operational authority is granted to registered users only. Refer to the figure below to
apply for RADI to obtain a serial number. For more detailed information, please consult to the system owner

(changsheng@radi.ac.cn).

DroughtWatch 3.1
Version: 3.1 Build ID: 20150527

‘Copyright (c) 2015 by Digital Agriculture Division, Institute of Remote sensing and Digital Earth (RADI),
‘Chinese Academy of Sciences.

User Registered

User. Lkhagvaa

Register Module: Data Management, Preprocessing, Indices, Drought Monitoring, Drought Statistics and
Batch of processing.

Prompt : After installing this software, please register immediately, If not, some fucntions can not be used,
and can lead to some system errors. If you want to use this software normally, you need to register when
registering, please provide the ‘username’ input in registration window, and the ‘machine code’ created by
‘sustem automaticly, if you want to get registration code’, please contact with the developer of this sofeware
orthe seller, to complete registration. The software development based on ENVI/IDL, users must obtain
ENVINDL genuine license, so the intellectual property rights dispute has nothing to do with the software
developers, users need to bear all the consequences. ENVIIDL license please contact
hitp.ifwww.esri.com/.

User Name: Lkhagvaa

Machine Number: 3L50C-462YS6-26262-H0H-0J1HD

Serial Number: [W3M3-46C407SU-PTPOUN-SC45-7C457-C4570362




2. Authority

Copyright of Drought Watch software belongs to the Digital Agricultural Division, Institute of Remote Sensing

and Digital Earth, Chinese Academy of Sciences.

Unauthorized access or use of the software is strictly prohibited and may be subject to criminal, civil, and/or

DroughtWatch 3.1

administrative action. The system may only be used by registered users.

e First users will be prompted to create a user name by registering.

e Registered users, can input their authorized user name and password, and then click Login, to operate the

system.

F- ==

Uzer Mame:

Password:

Confirm Password:

User Login |

User Hame: S

Password :

| logn || Register | [ Seting |[ Help |

When using the system, use the static directory to store image data. (See configuration window below):

e Click Setting in the main interface, then through Browse , every pathway can be changed. Finally, the

changed pathway will be saved.

E WinRAR
Criginal Data
Prepout
Parameter
Index
Drought_out
Drought_stat
Mrtswath_bin
Mrtswath_data
Reference_data

Station_data

D:\Program Files (<86)"360"360zip\

D:\DroughtWatch3. 2\datadir\Originaldatas

D:\DroughtWatch3. 2'datadir.Prepout’.

D:\Drought Watch 3. 2\datadir\Parameter,

D:\DroughtWatch 3. 2\datadirndex'.

D:\Drought Watch 3. 2'\datadir\ Droughtout'.

D:\Drought Watch3. 2\datadir\ Droughtstat®.

CAMRTSWATH bin

CAMRTSWATH \data"

D:\DroughtWatch 3. 2\datadir Reference’,

D:\Drought Watch 3. 2\datadir\Station™

R

-
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3. Database

The Database module inputs data by .csv file in batches and queries data. Duplicate data also can be

automatically eliminated. When querying data for a certain period, one can edit and change the table settings.

’Ilnwﬂ Edit Table Window I
aitemperature where{ countrid=1)} -

W wm9 ol HHPFT| M oo

The database interface is mainly composed of menu bar, toolbar, standard query toolbar, status bar and the
view window.

3.1 Import

The Import menu organizes station data input. It enables users to: browse a certain directory, search a default

path, or add and delete certain files. Then the data can be imported into the database.

D:\DroughtWatch 3. 2\datadir\Station’, Browse

precipitation0607.csv  D:\DroughtWatch3.2\datadir\Station \precipitation 0607 csv Search
soilmoisture D:\DroughtWatch i i ilmoi

soiltemperature [\ Drought Watc

Also one can input into this menu using the station date input button below: Station data input

-8-
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3.2 Edit

The Edit menu changes the table operation. Detailed functions can be seen below:

Redo Recover accidentally deleted data
Copy Copy selected data
Paste Paste selected data

Delete Delete selected data

Refresh Refresh the current database

Delete all records Delete selected data

Select all records Select all data

Export Export data

3.3 Query

By querying from the window menu or by this button 88 | one can select a certain period, and query three
kinds of data: in-situ observation, geotiff grids, and drought statistics data.

¢ By using different select buttons, different results can be displayed in the table.

Start Time: 2017 |5 ~|[23 +]

End Time: 2018 ~|5 ~|[23 +|

Category: | In-situ Observation -
[ tem: [ Ar Temperature |
l Province: (A v ;
Ccunty: A -]
| i Al - i

Also SQL language can be used to query any kind of data.

ke|BSlsclect * from aiftemperature wherel countryid=1) - ¥
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3.4 Table

The Table menu changes the table order and settings. Detailed function can be seen below:

Table color Set color of cursor position and indicate abnormal data

Sort ascending Ascending table data

Sort descending Descending table data

Right after enter  Click enter and cursor moves right

Down after enter  Click enter and cursor moves down

Properties
Cursor Row [I](176.212.247)
Odd Row [ ](255.255,255)
Even Row [ ](244.244 244)
Exceptional Data  |[JJj(255.0.0)

| Defaut || Ok

3.5 Window

The Window menu changes the widget showing and hiding operations. Detailed functions can be seen below.

Standard toolbar ~ Whether standard toolbar is displayed or not

Query Whether query toolbar is displayed or not

Status Whether status bar is displayed or not

The Standard toolbar can be conveniently accessed by following: File & window & standard toolbar.

a| 8% [T

=l

It includes the following editing tools.

B3y copy [ paste ) redo
5] refresh 4| ascending £} descending
move right after clicking 'enter" ‘ move down after clicking 'enter’

-10-
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Status bar

The Status bar displays information of currently selected data in the bottom of the work area, including:
¢ All rows and a certain row;
e Country /province/country name and in-site name;
e Start time and end time of data; and

e Data type.

Total 0 Rows , The 0 Row Country: Mengolia, Frequency: Dekad, Start Time: 2017-5-3, End Time: 2018-5-3, Observation Type: Air Temperature, Province: All, County: All, In-situ: All

4. Data Preparation

Remote sensing data needs to be processed by standard methods, which include geometric correction (GEO),
mosaic (MOS), radiate correction (RAD), cloud mask (CLD), atmosphere correction (ATC) and so on, also by
calculating NDVI and LST. The MRTSWATH program released by the USGS EROS Data Center (https://Ipdaac.
usgs.gov/tools/modis_reprojection_tool_swath/) is integrated into the sub-module to perform geometric

correction.

For drought, composition of daily parameters in three frequencies is necessary, which are Month, Dekad and

Pentad. Also, two composition methods are used for selection.

4.1 Preprocessing

From the DroughtWatch main menu bar, select Preprocessing, to process two formats of MODIS 1B data,
separately MOD021KM and MODO03, whose file names are as follows:

MODO03.A2002121.0245.006.2012253055724.hdf
MODO021KM.A2002121.0245.006.2012255114906.hdf

-11 -
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4.1.1 Operation

F3% DroughtWatch 3.1 - Preprocessi [
Preprocessing | Compaosition

Sensor: [MODIS/TERRA ~
Resolution: | Tkm -

Input Folder:

D:\DroughtWatch 3. 2\datadir\Originaldata \MODIS 1b% Browse Search
Output Folder:

D:\DroughtWatch 3. 2\datadir\ Prepout®. Browse Preview

<- Processing Procedurs >

Tme(GMT) | GEO | MOS | RAD | CLD | ATC | NDVI | EWI | LST |
v v v v v v v v -~

[

e By preprocessing, select the data start time, end time, MODIS1b data directory and output directory. It’s
also possible to determine different procession parts in every operation from the table. For example, when
right clicking the window, select Yes or No, to determine if the process will include this step or not, see

below:

* One can click Run to process data; every operation’s results will be produced and stored in the appointed

directory.

e The last selected list data will be drawn by the windows to the right of the interface. View positional data

values by moving the mouse.

¢ To show an image, load the image by clicking preview, which can be found in the viewer tool.

-12 -



DroughtWatch 3.1

'Irna;_ﬂ;e-m—zmm _ACR_MODI <
EE x| (XA ¥E 7| Do

* Preprocessing includes many steps, and different steps can be selected to getdifferent results.

<- Processing Procedure =
Time(GMT) | GEO | MOS | RAD | CLD | ATC
20180518 v v v v v

EVI | LST |

Select
Clear
Select All
Clear All

o After finishing all operations, Cancel the interface.

¢ To learn more about the preprocessing operation and instruction, click Help.

4.1.2 File Name Formats

File name formats are collated as:
Input files: The file names have not been changed, and are the same as the MODIS 1b data.

Output files: YYYYMMDD_NDVI(LST,REF1,REF2,REF3,REF4,REF5,REF6,REF7)_ACR(NON).tif

4.2 Composition

In this module, pentad, dekad, and month parameters can be composited by daily data. One month can
be divided into three dekad, which separately comprise the first ten days, second ten days and third ten

days(sometimes, the third dekad may have nine or eleven days ).

Detailed operations can be found in the content of operation.

13-



MANUAL DROUGHTWATCH SYSTEM

4.2.1 Operation

e From the DroughtWatch main menu bar, select Preprocessing = Composition to get into the setting

interface.

4 Droughf ch
Sensar: [moDIS/TERRA ~
Resolution: | Tkm ~ |
ey
Parameter Type: NDWI -
Atmospheric Comection: YESgr
Composition Method:

(@) Mapdmum () Average

Input Folder:
D:\DroughtWatch3. 2 datadir\Prepout
Output Folder:
D:\DroughtWatch3 2\datadir\Parameter'.

20180519 NDVI_ACR _MODIS1b MNG 1KMtif

e Select a timeframe and frequency (five, week, decad and month).

¢ Select one of the parameters type among NDVI, LST, REF1, REF2, REF3, REF4, REF5, REF6 and REF7.
¢ For synthesis method, there are two choices; the maximum and average synthesis method.

¢ Load the daily parameters file for composition, browse the directory and find them, and choose the output

path for storing the output results.

e Click OK, and the program will create a dialog indicating the status of the program. Once finished, the data

map will be displayed in a new preview window,(preview functions can be found in the viewer tool).

-14-
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sd| r [ QR 5| Do

4.2.2 File Name Formats

Input files:
YYYYMMDD_NDVI(LST/ REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON).tif

Output files:
YYYYMMM_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON)_MAX(AVE).tif
YYYYMMDDD_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7) _ACR(NON)_MAX(AVE).tif
YYYYMMPPP_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON)_ MAX(AVE).tif

5. Indices

In this module, five remote-sensed drought indices (VCI, TCI, VHI, NDDI, and VSWI) and two meteorological

indices (SPI and Al) are calculated by the composition parameters.

To know every index’s algorithm, please see the appendix.

15 -
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5.1 Vegetation Condition Index (VCI)

Sensor

Resolution:

Frequency:

Date:

< Input Data ->

NDVI D:\DroughtWatch3.2\datadir\Paremeterdekad 2018 Load Preview

Max_NDVI D:\Drought\Watch3.2\datadir\Reference\05020_max Load Preview

Min_NDVI: D-\Drought\Watch3 2\datadirReference 05020 _minr Load Preview
Output Folder: D:\Drought\Watch3.2\datadir\Index Browse Preview

Run |[ Concs |[ Hep |

Select the frequency and date.

Load the destined NDVI files, and the file name will be displayed in the window.

Load the maximum and minimum NDVI file, but if the destined path has no such file, an extremum window
will be displayed.

In this window, maximum and minimum NDVI can be calculated by clicking calculation. There are two
calculation methods. If the destined path has the older maximum or minimum data, the latest NDVI
extremum can be calculated using these data. When the destined path has no such data, calculate by the
long time series NDVI data to calculate extremum(see below).

Maamin MOVI: D \DroughtWatch 3. 2\datadir\Pammeter\dek Calculation

Longtime KD | || Calculation |

e Click preview to view every input data and perform many operations such as select, pan, zoom in, zoom out,
zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in

the viewer tool.
¢ From the output directory, click Run to produce VCI.

¢ VCl data will be stored in a local pathway and database automatically.

-16 -



DroughtWatch 3.1

5.2 Temperature Condition Index (TCI)

vel | T [vHi [ nooi [ nowi Jvswi [sei Ja |

Sensor: |MODIS/TERRA ~ |

Resolution: |1krr| "

e

EslE e

<- Input Data >

LST: D:\DroughtWatch3.2\datadir\Parameter\dekad 2018 Load Preview

Max_LST: D:\DroughtWatch3. 2\datadir\Reference 05020 _max Load Praview

Min_LST: D:\DroughtWatch3. 2 datadirReference 05020 _minl Load Preview

Output Folder: D:\DroughtWatch3.2\datadirIndex\. Browss Preview
Run_ |[ Concel || Hep |

e Select the frequency and date.
¢ Load the destined LST file and the file name will be displayed in the window.

e One can load the maximum and minimum LST file, but if the destined path has no such file, the extremum
window will be displayed.

¢ In this window, maximum and minimum LST can be calculated by clicking calculation. There are two
calculation methods. When the destined path has the older maximum or minimum data, the latest LST
extremum can be calculated, and when the destined path has no such data, calculate by the long time series
LST data to calculate the extremum (See below).

Maomin LST: D:\DroughtWatch 3. 2\datadir\Parameteridek Calculation

Langtime L5T: | | | Calculation |

¢ In preview, one can view every input data and perform many operations such as select, pan, zoom in, zoom
out, zoom fit window, zoom full size, add shape file, setting color and so on. Details can be found in the
viewer tool.

¢ |n the output directory, click Run to produce TCI data.

¢ TCl data will be stored in the local pathway and database automatically.

-17 -
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5.3 Vegetation Health Index (VHI)

[va [1a | vl [noDi [nowi[vswi [sPi A |

S (VoD <)

) — i 050
Resolution: | 1|Em_v| F = D =
— -

TCI: ’

4 = »
<-Input Data ->
NDVI: D:\Drought Watch3. 2\datadir\Parameter'dekad 2018 Load Preview

Maxmin_NDVI:  D:\DroughtWatch3.2\datadir\Reference\05020_max Load Preview

LST: D:\DroughtWatch3. 2\datadir\Parameter’dekad" 2018 Load Preview

Maxmin_LST: D:\DroughtWatch3.2\datadir\Reference\05020 _max Load Preview

Output Folder: D:\DroughtWatch3.2\datadirIndex\. Browse Preview
Run | Concel J[ Hep |

e Select the frequency and date.
¢ By hitting the Load button, load destined LST file. The file name will be displayed in the window.

e The maximum and minimum NDVI file as well as maximum and minimum LST file can be loaded. If the

destined path has no such file, the extremum window will be displayed.

¢ |n this window, maximum and minimum LST can be calculated by clicking calculation. There are two
methods for calculating. When the destined path has older maximum or minimum data, calculate the latest
LST extremum by these data, and when the destined path has no such data, calculate by the long time series

LST data to calculate extremum.

e By clicking Preview, view every input data or perform many operations such as select, pan, zoom in, zoom
out, zoom fit window, zoom full size, add shape file, setting color and so on.. Detailed operations can be

found in the viewer tool.
¢ |n the output directory, click Run to produce VHI data.

* VHI data will be stored in the local pathway and database automatically.

-18-



DroughtWatch 3.1

5.4 Normalized Difference Drought Index (NDDI)

[va [1or [whi | nDDU [nDwi [ vswi [sPi [al

Sensor:
Resalution:
Frequency:

Date:

MODIS/TERRA ~

Tkm |

(208 ~|ls_~]z -]

<- Input Data ->

Mir_band{Band2):

Red_Band(Band1):

D:\DroughtWatch3 2\datadir' Parameter\dekad® Load Preview

D:\Drought Watch 3 2\datadir\Parameter'dekad* Load Preview

Swir_Band(Band7):

D:\Drought Watch 3. 2 datadir\Parameter'dekad* Load Preview

Output Folder:

D-\Drought Watch3 2\datadirIndexc.

Browse Preview

J(

Cancel

J(

e Select the frequency and date.

¢ By clicking the Load button, load destined Band1, Band2 and Band7 file. The file name will be shown in the

window.

¢ Select the output folder or use the default path.

¢ By clicking Preview, view every input data and perform many operations such as select, pan, zoom in, zoom

out, zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be

found in the viewer tool.

¢ In the output directory, click Run to produce NDDI data.

e NDDI data will be stored in the local pathway and database automatically.

-19-
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5.5 Vegetation Supply Water Index (VSWI)

[va [1or Jwei [ nooi [ nowi] vswi [spi Ja ]

Sensor: MODIS/TERRA ~

Resalution |1km '|

e

<- Input Data -»

NDVI: D:\DroughtWatch 3. 2\datadir\Parameter\dekad 2018 Load Freview

LST: D-\DroughtWatch3 2\datadir\Parameterdekad 2018 Load Preview
Output Folder: D:\DroughtWatch 3. 2\datadir Index'. Browse Preview

R |[ Concd J[ Heb |

e Select the frequency and date.
¢ By clicking Load , load destined Band1, Band2 and Band7 file. The file name will be shown in the window.
¢ Select the output folder or use the default path.

e By clicking Preview, view every input data and perform many operations such as select, pan, zoom in, zoom
out, zoom fit window, zoom full size, add shape file, setting color and so on.. Detailed operations can be

found in the viewer tool.
¢ |n the output directory, click Run to produce VSWI data.

o VSWI data will be stored in the local pathway and database automatically.

=20 -
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5.6 Standardized Precipitation Index (SPI)

[va [t [wei_ [ nooi [wowi]vswi| sPl (Al

Frequency: Month -
SPI Type: IMorth -

Input Station Data: Rairfal ~

(@) Database

Output SP1{Station) Folder:
D:\Drought Watch 3. 2\datadir' Station™, Browse

Qutput SP1{Grid) Folder:

D:\DroughtWatch 3. 2\datadir\ Index\month’. Browse Preview
_ R J[ Camed [ Heb |

e Select date and the output folder by Browse or use the default path.

e Click Preview to view the output data and perform many operations such as select, pan, zoom in, zoom out,
zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in

the viewer tool.
¢ |n the output directory, click Run to produce SPI data.
¢ This only calculates 3-month SPI.

¢ SPI data will be stored in the local pathway and database automatically.

21 -
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5.7 Aridity Index (Al)

[vor_[7c [ el [nooi [nowi [vswi[sei | A |

Frequency: Month

Input Station Data: Rairfall - || Temperature -

@) Database

Output Al{Station) Folder:
D:'DroughtWatch3 2\datadir Station™. Browse

Output AliGrid) Folder:

D:\Drought Watch3 2\datadirndexmonth’, Browse Preview
[ A J[ Camod J[ Heb |

e Select the date and the output folder by Browse or use the default path.

e Click Preview to view the output data and perform many operations such as select, pan, zoom in, zoom out,
zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in

the viewer tool.
¢ In the output directory, click Run to produce Al data.

¢ Al data will be stored in the local pathway and database automatically.

-22-
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5.8 File Name Formats

Input files:
YYYYMMM_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7) ACR(NON)_MAX(AVE).tif

YYYYMMDDD_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7)_ACR(NON) _MAX(AVE).tif
YYYYMMPPP_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7) _ACR(NON) _MAX(AVE).tif
YYYYMMM_maxNDVI(minNDVI,maxLST,minLST)_MAX(AVE)_YYYY.tif
YYYYMMDDD_maxNDVI(minNDVI,maxLST,minLST) MAX(AVE)_YYYY.tif
YYYYMMPPP_maxNDVI(minNDVI,maxLST,minLST)_MAX(AVE)_YYYY.tif

Output files:
YYYYMMM_VCI(TCI,VHI,NDDI,VSWI)_ACR(NON)_MAX(AVE).tif
YYYYMMDDD_VCI(TCI,VHI,NDDI,VSWI)_ACR(NON) _MAX(AVE).tif
YYYYMMPPP_VCI(TCI,VHI,NDDI,VSWI)_ACR(NON) _MAX(AVE).tif

6. Drought

Through the Drought module, obtain drought data in space or time from the indices based on remote sensing
and meteorological data. It’s possible to classify single indices and combine several indices for drought

monitoring. The dashboard is a very useful and convenient tool for displaying, comparing, and analyzing data.
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6.1 Single

Single | Combination | Dashboard

Sensor: [moDIS/TERRA ~|

Resolution: |1km V|

Frequency: Dekad -

IndexType:

Input File:

D:\Drought Watch3 2\datadir\Index\dekad\201805020_TCI [ Load | [ Preview
Image Information:

Max:  1.00000 Min:  0.00000D Mean: 0916233
Stdev: 0.276406 Accumulative Frequency(35%): 1.00000
Drought Classffication: [ Edit ] | Save |
Edreme: 0 ~ 009 D
Serous:  0.095 ~ 0167 D
Moderate:  0.167 ~ 0255 D
Slight: 0255 ~ 0343 D
MNormal: 0.343 | D
QOutput Folder:

D:\Drought Watch3 2\datadir\ Droughtout\single\dekad\. [ Browse | [ Freview |

Rn [ Cancd |[  Hep |

Based on a Single index, classification and drought result can be calculated.

e Select frequency, date and index type.

e The input file and output folder can be loaded(or use the default pathway), and then display the image

showing information including maximum, minimum, average, mean, standard deviation and accumulative

frequency above 95%.

classes).

zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in

the viewer tool.
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For the classes, edit to modify their values as well as save them in database(or simply use the default

Click Preview to view output data and perform many operations such as select, pan, zoom in, zoom out,

In the output directory, click Run to produce drought data based on the single index.

All drought data will be stored in the local pathway and database automatically.




6.2 Combination

Combination

Dashboard

Sensor:
Resolution:
Frequency:

Date:

[MODIS/TERRA ~ |

[tm ~]

Input Folder:

S2_16{VCIAVSWI)
52_23(TCIAVHI)

52_24(TCI&NDDI)
S2_25(TCIANDWI)
52_26(TCIAVSWI)
S2_34(VHI&NDDI)
S2_35(VHISNDWI)
52_3B(VHIBVSWI)

S2_45(NDDISNDWI)
S2_AB(NDDI&VSWI)
52_5G(NDWIEVSWI)

D:\DroughtWatch 3. 2\datadir Droughtout single™.

Index No.

Indesx List:
52 _15(VCIANDWI)

[ Erowse

| [ Preview

() Maximum (2 Minimum (@) Median
Combination Method: a
) Mean () Majority Subregion
Qutput Folder:
D:\DroughtWatch3.2\datadir\Droughtout \combinition'\ [ Bowse |[ Preview
Run || Cancel |[ Hebp

The drought result can also be produced based on combination of indices.

Select frequency and date.

DroughtWatch 3.1

e Determine how many indices to use for combination. Different combination results can be found in the

table below.

e The combination method can be selected, the input file and output folder can be loaded, or simply use the

default path.

e Click Preview to view the output data and perform many operations such as select, pan, zoom in, zoom out,

zoom fit window, zoom full size, add shape file, setting color and so on.. Detailed operations can be found in

the viewer tool.

e Click Run to produce drought data based on combination of indices selected.

¢ All drought data will be stored in the local pathway and database automatically.
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6.3 Dashboard

) DroughtWatch 3.1
SlngJelCombmatlon Dashboard|
Resolution: |1km v|
e
Administrative File:
DAZ_201711100NAdministrative_with_names\countrybnd-geo shp Select
Input Folder:
D:\Drought Watch3 2\datadir\Droughtout [ Bowse |[ Seach |
Single Indices: Combination Indices:
VCI 53134
TCI 53 234
VHI
NDDI
VEWI
Meteorological Indices: Statistics Data
[ sy J[ Cancdl J[ Heb ]

Based on the dashboard, compare different indices with other data, and add station data to the map to analyze
the drought result.

e Select frequency, date, also administrator unit data (country, province, county or other custom shpfile).
¢ By loading the input folder, note the available indices. Up to six may be chosen for comparison..

e Click Preview to view output data and perform many operations such as select, pan, zoom in, zoom out,

zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in
the viewer tool.

e Clicking Display to see drought map and data from different indices. Operate them like the windows below
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Station Datz: [7]SPI [JAI [C]SM

EEdeme Eserious  EMModerate [Siight I Normal B Exene EMserous [l Moderate [Siight [ Normal

Image Information:

[ Bom ][ Coed J[ Heb ]

The comparative analysis window displays:

¢ Drought distribution of different classes are shown by the value in left below of window.

¢ Station data (SPI, Al and SM) are shown in the bottom of the window.

7. Analysis

DroughtWatch 3.1

In the analysis module, perform drought statistics and analysis according to two scales (over spatial unit and

time interval).

7.1 Over Spatial Unit

Over Spatial Unit | Qwer Time Interval

—
-
Admin Unit:
ot
Drought Data:

Administrative File:

D:\DroughtWatch3.2\datadir\ Droughtout\single“dekad" ' 2016/ Load

Cutput Folder:

D:M\DroughtWatch3. 2\\data\Mongolia‘\county_code_MMG_1¢ Select

D:\DroughtWatch3. 2\datadir\Droughtstat®.

[ Bowse |

Sa ] [ |

Cancel || Heb |
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Select frequency, date, and also administrative unit data (country, province, county or other custom shpfile).

¢ By loading the input folder, available indices and data for comparison will be displayed. Choose between

two to six for comparison.

e Click Preview to view output data and perform many operations such as select, pan, zoom in, zoom out,
zoom fit window, zoom full size, add shape file, setting color and so on. Detailed operations can be found in

the viewer tool.

e Clicking Stat. to see drought statistics results ( as shown in the window below) in the new table and saved in

a local pathway. They can also be stored in the database.

Name Edreme(%) | Serous(%) | Moderste(:) | Slight(%) | Momali%) |  Sum(%) |

n.m 0.00 866 4382 4252 100.00 -
Bayanaol 0.00 0.00 0.00 0.00 0.00 0.00 K
Bayanzur 1.81 038 428 17.30 76.24 100.00

Nalaix 7.13 031 1140 729 8388 100.00
Songinowainan  |(0.85 141 Jre— - e u 29 100.00
Stndbaatar 0.00 N 100.00

Han-Uul 6.09 100.00
Chingeltei 0.00 100.00
Choibalsan 0.45 100.00
Bayandun 26.80 100.00
Bayantumen 461 100.00

Bayan Uul 14.42 100.00

Bulgan 378 100.00
Gurvanzagal 3881 100.00
Dashbalbar K| 100.00

Matad 4.19 100.00

Sergelen 34 100.00 i
4|:H| — S E— — e P —

e By clicking Map, a drought map and chart will be demonstrated in a new window. Select specific unit and
drought grades, and they will be shown in the chart at the right with different drought grades. The map and

chart may be exported.

Serious drought and above =

Serious drought and above (20160601D, TCI)
B EBayancagaan M XalxGol W Teshig
100%
"" 75%
W % &
¥ @ 50% [

Extreme  Serious Moderate  Slight
Co-a% 2040 EW40-600 Ele0-ars  EES0~100%

Name Teshig, EX-0.109882, SE-0.115539, MO:0.174881, SL-0.123643, NO-0 466055 [ EBpotChat || Cancel |[ hHep |
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7.2 Over Time Interval

Ower Spatial Unit | Over Time Interval

Start Time:

End Time:

Frequency:

Drought:

Uit :

Name:

@ -

J J

e Select start time, end time, frequency, drought by a certain index and administrative unit (country, province,

county or other custom shpfile).

e Click View to see drought statistics results over a certain period (as shown in the image below) in the new

map.

e

Proportion

Drought Area(%, Slight and above) - VHI_Dekad

of 7 s0r

2017-06-11

2017-07-01 2017-07-11 2017-07-21 2017-07-31

Time

2017-06-21 2017-08-10

¢ Select trend lines of different drought grades at the top left corner.

¢ Save the graph in a local pathway via Export.
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8. Batch

The DrougthWatch system can process multiple data in any time period. By setting up the configurations, the
system will be programmed automatically.

It is a very useful tool and can also save time to improve work and computer efficiency. It is possible to finish

processing procedures at will; by the next day or a few days later, the scheduled production will be present in
the designated pathway or database.

8.1 Operation

Sensor/Satelite i'MODIS/TEFlRA ~ | Resoltion: | 1KM Sensor/Satellte: |MODIS/TERRA ~ | Resolution: [ 1KM =
[l o oot oo o [P || | [T EE B e E e |
Frequency: [#|Month [|Dekad [7|Pertad [|Day Frequency: [@Month []Dekad [JIPentad [C]Day
<-Parameters Configuration-> <-Parameters Configuration->
Atmos Comection: ) No @ Yes Amos. Comection: @ Mo (D) Yes
Composttion: @ Maximum () Average Composition @ Madmum ) Average
Single Index: Flver EITC1 ®vH [Z/NDDI @INDWI [@]vswi Single Index: [#ver  [@TCl  [@]vHl  [FNDDI  [Z]NDWI [ vswi
Combination Indes: lSGJ23456(VC\&TCIWH\&NDD\&NDWIWSW\) v] Combination Index: [56_123456(VCI&TCI&VHIMDDI&NDWI&VSWI) ']
Combingtion Method: (&) Max ) Min (0 Mean () Median (@) Majority Combination Method: (0 Max (O Min () Mean (0 Median @ Majority
Batch | [ Cancel | [ Hep Bach | [ Camcel | [ hep
PROGRESS PROGRESS
ra.- =
I — -
| | 7»‘ :
o = T
Preprocessing Indices Drought Statistics Preprocessing Indices Drought Statistics

Batches can help operators finish the whole procedure of drought monitoring automatically.

First, set the period by choosing various methods in every step.

Then, click Batch to finish MODIS data preprocessing, indices calculation, drought monitoring and statistics, and

save all output results in the local pathway and database automatically.
e Current processes are displayed at the top of the window.

¢ A blue line will demarcate current progress.
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9. View tool

The View tool provides interactive operations for raster data. One can preview any input and output data in the

system. The main interface is shown like below with the button functions explained by the table:

2N RRE ¥R 7| T

= Open any image file
= Save and export image
L3 Select image pixel
Translation from one to another
@, Zoom to full
K Zoom in
e Zoom out
F Color slices
Data Value Range: Minimum Value: 273.000885 Masimum Value: 335.968445
Grade Number:
Grade 1 Grade 2 Grade 3 |  Graded | Grade5

Minimum Value [273.00088500977 |285.59439697266 238.18750833555 [310.78142083844 323.37493286133
Maximum Value [285.594339697266 298.18790893555 (310.78142089844 |323.37493286133 335.96844482422
Color l!{255,D‘D] [ (0.255.0 [ (0.255.0) []255.255.0y [I](0.255.255)

[ ok [ Concel |

¢ Also the bottom of the window will display the row and column values of the mouse’s position.

Via color slices, the image can be classified by data value range and grade number, setting a separate color for

each index.
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Appendix

There are 5 indices of remote sensing and 2 indices based on the meteorological data, which are VCI, TCI, VHI,

NDDI, VSWI, SPI and Al. Every index’s algorithms and instructions should be introduced as:

The preprocessing includes radiometric, geometric and atmospheric corrections, and cloud detection.
The MRTSWATH program released by the USGS EROS Data Center (https://lpdaac.usgs.gov/tools/modis_
reprojection_tool_swath) is integrated into the sub-module to perform geometric correction. The radioactive
transfer model 6S released by NASA was used to perform atmospheric correction (Vermote et al, 1999). Another

algorithm developed by NASA was also used for cloud detection (Ackerman et al, 2002).

Normalized difference vegetation index (NDVI) as defined below, has been widely used.

NDVI = (Pnir—Pred)

PnirtPred

where, Pnir and Pred are the reflectance in the near infrared band (band2 in MODIS) and the red band (band1
in MODIS) respectively.
Land surface temperature (LST) was calculated based on the split window algorithm developed by MAO et al.

(2005), using thermal infrared information, as explained below.
T =a*BT3; —b* BT, + ¢

where, BT31 is the brightness temperature of band31 in MODIS while BT32 is the brightness temperature of

band 32; and a, b, c are the coefficients.
VCI- Vegetation Condition Index is calculated by the NDVI and NDVI average of multi-year.

NDVI is the normalized difference between the near infrared (NIR) and visible red reflectance, is responsive to
changes in both the chlorophyll content and the intracellular spaces in spongy mesophyll of plant leaves(Rouse
et al., 1974; Tucker, 1979). Higher NDVI values reflect greater vigor and photosynthetic capacity (or greenness)
of vegetation canopy, whereas lower NDVI values for the same time period are reflective of vegetative stress
resulting in chlorophyll reductions and changes in the leaves’ internal structure due to wilting. NDVI’s role in
drought monitoring has been described several times in past years (Kogan, 1991; Kogan, 1995; Lozana-Garcia,
1995; Gutman, 1996; Yang et al., 1998; Gonzalez-Alonso, 2002; Ji and Peters, 2003).

To reflect the extreme climate resulting in the drought, reduce the spatial change of NDVI and drought results
comparable in different areas, vegetation condition index is calculated by the NDVI and multi years NDVI data

(Kogan, 1990), as follows:

vey — NDVE = NDViin

= 1009
i = NDVIL... —NDVI . * 100%

NDVI;is NDVI of date J; NDVImax and NDV I, are the maximum and minimum NDVI of all dataset.
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TClI-Surface temperature has a close correlation to the vegetation; increasing of vegetation temperature is the

initial indicator of the water stress and drought. So TCI can be developed (Kogan, 1995), which of equation is:
Tmax — TS]

TCl = ———L
Tmax - Tmin

TSj is NDVI of date J» Tmax and Tmin are the maximum and minimum surface temperature of all dataset.
VHI- estimated the vegetation health condition based on combination of the vegetation greenness and

temperatures (Kogan, F. N., 1995). The formula is:
VHI = a*VCI+ (1 —a) *TCI

where, a and 1-a are contribution to the VHI separately from VCl and TCI.

NDDI- was generated from NDVI and NDWI using the following equation (Yingxin Gu, 2007).

NDVI — NDWI
NDVI + NDWI

NDDI =

where, NDVI is the normalized difference between the near infrared (NIR) and visible red reflectance; NDWI is

the normalized difference between the near infrared (NIR) and shortwave infrared (SWIR).

VSWI-NDVI and Ts (surface temperature) are used for constructing the VSWI (Carlson et al., 1990). When water
supply is normal, vegetation index gotten by remote sensor keep a range, and the crop crown temperature by

remote sensor also keep some range; if drought emerges, the water supply of crop is insufficient.

VSWI = I
"~ NDVI

SPI- the standardized precipitation index, precipitation is the only required input parameter. The SPI was
designed to quantify the precipitation deficit in short timescale, which had been developed by McKee and
others in 1993.
P-P
o

SPI =

where, P is the current precipitation, P is average precipitation of multiyear and 0 is standard deviation of
multiyear precipitation.

Al- aridity index, Aridity indices inherently include an element of circularity in that they are calibrated against
known aridity patterns. The UNESCO aridity index (Al) is based on the ratio of annual precipitation (P) and
potential evapotranspiration rates. But if we did not get the ratio, then use the temperature instead of (De
Martonne, E).

p
=710

where, P is the annual precipitation and T is the annual mean temperature.
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1. DroughtWatch cucmemuiin manuayyynza

MoHron yncag raHrMiiH MOHUTOPUHIUIAH CUCTEMUIAT 3alMHaac TaHaaH cyanan (DroughtWatch)-aap MOAMC-
WIMH M3433 60M10BCPYYNaNT, MHAEKC TOOLL00/10X, [aHMMIH MOHUTOPUHT, CTAaTUCTUK, aHA/IU3 XMINX, M3AIINNINH
MEHEKMEHT 33P3r aprayianaap rymusTraHa.

DroughtWatch Hb goopx 3yparTt y3yyncaH 6 moaynvac 6ypasHa. YyHUn 4 moaynba mM3433 6on0BCcpyynant

(preprocessing), nHaekcyya, (indices), ran (drought), ayH wWKWHKKMAr33 (analysis) opox 6a ynacaH 2 moaynba,
M3423/111iH caH (database)-uitH meHexmeHT 6a bary, (batch)-aap 6on0Bcpyynax 3apar 6arraHa.

® DroughtWatch-uitH yHACSH X01600C Hb 0N10H Xacraac bypasx 6erees xaparnardy Modules uacuiir gap:, eep
eep 60N0BCPYYNANTbIH MOAYANIT COHTOXK, Help Uuac Hb CUCTEMUIH TYCNAMMKUIAH aryyara, TyyHUI Tyxan 6a
GYPTryya3X 33pruir xaHraHa.

Database Preprocessing

Indices Drought Analysis

¢ Help Hb cucTemmitH 6010BCPYYNANTbIH AINTIP3HIYIA 3aaBapumIraar Xapararyass erHe. YyHa cMcTeMUIAH

XyBunbap, AyyccaH xyralaa, 30XMorymiiH apx 6a xonbooc bartaHa.

® BypTryy/ICOHMIA Aapaa Xaparnary cuctemz XxaHgax 6a moaynnyapiH 6010BCPYYNANTbIT 333MLUMX IPXTIN
601HO0. Xaparnary 3aliHaac TaHAaH cyanan 6a TOOH A3XMIH Xyp3313H (RADI-Institute of Remote Sensing
and Digital Earth)-3ac cepvan ayraap aBax XyCanTuiiH Tasaap A0OPXM LLOHXHOOC XapHa yy. MeH A31rapaHryit
M333/IUIAT CUCTEMMIAH 33amwwmnry (changsheng@radi.ac.cn)-33c nasnaHa yy.

DroughtWatch 3.1
Version: 3.1 Build ID: 20150527

‘Copyright (c) 2015 by Digital Agriculture Division, Institute of Remote sensing and Digital Earth (RADI),
Chinese Academy of Sciences.

User Registered

User: Lkhagvaa

Reqgister Module: Data Management, Preprocessing, Indices, Drought Monitoring, Drought Statistics and
Batch of processing.

Prompt : After installing this software, please register immediately, If not, some fucntions can not be used,
and can lead to some system errors. If you want to use this software normally, you need to register. when
registering, please provide the ‘username” input in registration window, and the ‘machine code’ created by
sustem automaticly, if you want to get ‘registration code’, please contact with the developer of this sofeware
or the seller, to complete registration. The software development based on ENVIADL, users must obtain
ENVIMDL genuine license, so the intellectual property rights dis pute has nothing to do with the software
developers, users need to bear all the consequences. ENVIADL license please contact

hitp:fww esri.com/.

User Name: Lkhagvaa

Machine Number: 3L50C-462Y56-26262-H0H-0J1HO

Serial Number: IW3M3-46C4075U-PTPOUN-5C4S-7C457-C4570362
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2. Ynoscnon

DroughtWatch nporpambiH 30xnorumitH apx Hb BHXAY-bIH LLUMHXN3X YxaaHbl Acagemu (Chinese Academy
of Sciences)-uitH xapbaa 3aliHaac TaHAaH cyanan 6a TOOH A3AXUIH XypaanaH (RADI-Institute of Remote
Sensing and Digital Earth)-nitH Fa3ap TapnanaHrMitH TOOH M3a33AnIH xanTac (Digital Agricultural Division)-T

XapbsanargaHa.
AMap Har xyynb 6yc yMAA3N Hb LIYAAPTa LWYYX3, XaMaapHa.

36BXOH X3P3/13rY33p BYPTIYYNK, CUCTEMUIT alIMINaXK 6OJHO.

e AHXHbI X3p3r13rumng 6ypTryyaax 3amaap XapariarduniiH HIp aBax 60/Ho.

o BypTryyacaH Xaparaardy apx byxuii Xaparnardniid Hap (user name) 6a Hyyu, yr (password)-33 opyyncHbl Aapaa
Login f23p fapiK CUCTEMUIAT aXKUANYYHA.

E=N .|

User Name:
User Hame: 5
Password:
Password :
Confirm Password:

| logn || Regster | | Seting |[ Help |

[0 [ Cancel

CUCTEMUIAT aluMIiax yen 3ypruH mMaaaar xagranax 6a 6010Bcpyynax 3apmMm CTaTUK AUPEKTOP X3P3rTai Tyn
3A4r33pUIH XoN600TOoM 3am LWaapanarataid. YyHA:

e X3parary yYHACIH X0N600ChIH TOXMPrOOHbI TOBYAYYPLIT AAPMK, Aapaa Hb Browse ToBYOOP AamsKkyynaH byx
3aMbIr ©8PUYMMK BONHO. DLUICT Hb ©BPUNBILACOH 3aM Xaaranargax 601Ho.

Original Data D:\DroughtWatch 3. 2\datadir\Originaldata’. Browse
Prepout D:\DroughtWatch3.2\datadir\Prepout, Browse
Parameter D \DroughtWatch3. 2\datadirPammeter’. Browse
Index D:\DroughtWatch 3. 2\datadir\Index. Browse
Drought _out D:\DroughtWatch3. 2\datadir\ Droughtout*. Browse
Drought_stat D:\DroughtWatch 3. 2\datadir\Droughtstat's Browse
Mrtswath_bin CAMRTSWATH bin' Erowse.
Mrtswath_data CAMRTSWATH \data" Browse
Reference_data D:\Drought Watch 3. 2\datadir\Reference’. Browse
Station_data D:\DroughtWatch 3. 2\datadir Station'. Browse
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3. M30321uiin can (Database)

M>3433/1MIMH CaHTMIMH MOAY b Hb M3/33 opyynax 6a xalinT xuinx (querying) 6ereen oponTbiH M3a33 (inputting)-H
03X CTaHUbIH M3A433HKUI dalinbir .csv bary, (batch)-aap opyynx 6onoBcpyynax, MeH gaBxapacaH M3433r
aBTOMaTaap apuaraxk 60aHo. TogopPXoi XyraLaaHbl M3433T Xalx yen, Xaparardy xycHarT (table)-uitH Toxmproor
eepunex b6a 3aceap xuitxk (edit) 6onHo.

impert _Ed#Table - Windom —
| amolal HUET| M o

M3493111IH caHTMIAH Xon600C Hb U3CUtH cambap (menu bar), ToBunacoH Tosunyyp (toolbar), ctaHgapt
XalnTbiH ToBYNYYp (standard query toolbar), ctatyc cambap 6a LoHx (view window) 33prasc UxaBunsH bypaaar.

3.1 M»3033 opyynax (Import)

Import U3C Hb CTaHLbIH M3433HUIN OPOATLIT TYNUITrIA3T. JaNrapaHryi GyHKLUbIF 00p Xapyynas: Togopxoin
AVpPeKTop 6a eMHe COHIOCOH 3amblIr Xaix, 3cBan 6on0BCpyyacaH dainbir Hamax b6a ycTracHbl Aapaa X3parnary
M3Z33 M3433/1/IMIH CaHA, OpyyiXK 6onHo.

D:\Drought Watch 3. 2\datadir'.Station'. Browse

precipitation0607.csv  D:\DroughtWatch3.2\datadir\Station precipitation 0607 cav Search
soilmoisture D:\Drought Watch3. i i iimoisture_template
soitemperature [D:Drought Watch adirStation'soiltemperature_template

i

M@H X3p3rnard 3H3 L3CUIAT O0PX TOBYAYYPaap OpYy/IK 6OHO: Station data input
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3.2 3aceap xuiix (Edit)

Edit u3C Hb XYCH3IaH B60N0BCPYYNANTBIM T'YIMLITIIA3N. JaAr3paHryi GyHKLbIT 400P Xapyynas:

Redo Recover accidentally deleted data
Copy Copy selected data

Paste Paste selected data

Delete Delete selected data

Refresh Refresh the current database

Delete all records Delete selected data

Select all records Select all data

Export Export data

3.3 Xaiinm xuiix (Query)

YHACOH U3CUIAH query 3CB3aN R TOBYNYYypPaaApP X3P3rN3ry TOAOPXOM XyraLaa COHrOX, aXMUrAaaTblH M3433,
geotiff rpug, (geotiff grids) 6a raHrMH CTaTUCTUKMIAH M3A33 33P3T NYPBaH TOPIMIMH M3493T XalHa.

e Oep eep TOBYUYYPYYAbIH TyCaMKTairaap rapracaH yp AyH 6YpUIAr XyCHIrTaap xapyynHa.

Start Time: 2017 =|[5 ~|23 =]

End Time: 2018 v|5 ~|[23 +]

Category: [ In-situ Observation -
| kem: | Air Temperature -
Province: Al ||
Counly: [ Ml
In-situ: Al v]

MeH x3p3arnary SQL X3AMIT almMinax) XyCCIH M3A33r33 XalK 60/Ho.

Lie|BMls =lect * from aitemperature where( countryid=1) - ¥
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3.4 Xycnaem (Table)

Table u3C Hb XYCH3IT TOXMProo 6a M3433HUIA 3aXMaNrbIr F'YIMUITIIA3T. JaArapaHryit GyHKLbIr 400P Xapyynas:

Table color Setting color of cursor position and abnormal data

Sort ascending Ascending to the table data

Sort descending Descending to the table data

Right after enter ~ Click enter and cursor move right

Down after enter  Click enter and cursor move down

Properties
Cursor Row [](176.212,247)
Odd Row [ ](255.255.255)
Even Row DQ““-E‘M-E‘”}
Exceptional Data .'[255.9.9}
| Defaut || Ok

3.5 I{onx (Window)

Window L3C Hb a*K/bIH X3P3rcan y3yynax 6a xaax YAnaavinr ryiuatragar. AanrapaHryii GyHKLbIr 400P Xapyynas:

Standard toolbar Whether display standard toolbar or not

Query Whether display query toolbar or not

Status Whether display status bar or not

Standard toolbar xan6apxaH awwurnasx 6onox 6ereen xaparnary File & window = standard toolbar racaH

TyCnamiKTairaap XxaHaax 601Ho:

W 2B

a| & 5B [7

YyHA:
Edit xap3acayyd
gy copy [ paste ¥ redo
#3 refresh 41 ascending %] descending
move right after clicking 'enter ‘ move down after clicking 'enter’
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Cmamyc cambap

CraTyc cambap Hb COHFOCOH M3A33HMIN M3A33NNIT axKblH TanbapbiH L4004 X3CIT Xapyynaar. YyHA:
e Mep 6a To4OpXOW 3rH33;
e Ync / aitmar /-biH H3p 6a raspbiH XIMMKUITUIH HIP;
e M>3423HMIA 9X3/1C3H Ba AyyccaH Xyrauaa;

e M>3a33HUi Tepen

Total 0 Rows , The 0 Row Country: Mengolia, Freguency: Dekad, Start Time: 2017-5-3, End Time: 2018-5-3, Observation Type: Air Temperature, Province: All, County: Al In-situ: All

4. M3033 091mzax (Data preparation)

3aiiHaac TaHACaH M3A433r CTaHAAPT apryyaaap 6onoscpyynax 6a reomeTpuiiH 3anpyynra (GEQO), Hulinyynax
(MOS), uauparuiii 3anpyynra (RAD), yynHuit mack (CLD) 6a araap maHg/biH 3anpyynara (ATC) 33praac ragHa
NDVI 60n0oH LST-uitH Toouo0 6artaHa. AHY-biH USGS EROS Data Center-3ac rapracaH MRTSWATH nporpam
(https://lpdaac.usgs.gov/tools/modis_reprojection tool swath/) 6on reomeTpuiti 3anpyysira xminx 434

MOZY/b IOM.
FAQHTMIAH XyBbA, XOHOTWIMH NapaMeTPUMH HUINISMIKIIC YYCCIH 3-H Xyralaa xapartaii 6a Cap, 10 xoHor 60/10H 5

XOHOTWMIAH M3433 LWaapAaaraTau.

4.1 M»3033 6onoecpyyraam (Preprocessing)

Xaparnary DroughtWatch yHAcaH u3cH3ac Preprocessing coHrox, MODIS 1B-uitH m3assHmii MOD021KM 6a
MODO3 racaH x0€p M3a33r Tyc Tyc 6onoBcpyynHa. PaiiibiH HIpC Aapaax xanb63pTai HaiHa:
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4.1.1 bonoecpyynanm

¥i% DroughtWatch 3.1 - Preprocessi [
Preprocessing | Composition

Sensor: [MODIS/TERRA ~

Resolution:

Start Time:

End Time:

Input Folder:
D:\DroughtWatch 3. 2\datadir\Oniginaldata . MODIS 16 Browse Search

QOutput Folder:

D:\DroughtWatch 3. 2\datadir\Prepout’ Browse Preview

<- Processing Procedure ->

Time{GMT) | GEO | MOS | RAD | CLD | ATC | NDVI | EWI | LST |
v v v v v v v v -

[

o H0/10BCpYyyNanTaap Xap3ariard Maa3sHUM axnax, gyycax uar, MODIS1b m3a33HMIA 0pOAT, rapanTbir COHrOXooc
ragHa XyCH3ITMiH 6yx 6010BCPYYAANTbIH X3CTYYAUIT TOA0PXOMIK BOHO.

e X3parnary Run A33p AapXk, M3433r 60n0BCpyynax, 60N0BCPYyNanTbiH yYp AYH BYpuiAr TO4OPXOMACOH
[LVPEKTOP A0TOP XaArasHa.

o COHrOCOH KarcaanTblH XaMIMiAH CYYIMIMH M333r X0N600CbiH bapyyH Tang bairaa LOHXyyAaap 3ypHa. MeH
X3P3IN3ry XyaraHbl XefenreHeep eep eep 6apaanbiH M3A33HUIA YTIbIr Xap:K 60AHO.

® X3p3B X3P3rN3ry AMap Har 3ypar y33XMMr XYCB3/1 preview-uiH ToBYayypaap 3eBXeH 3ypruir adyaanax 6a
yyHuiir viewer tool-nitH ¢pyHKLI3C XaiK 6oHO.
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Image Viewer - 20170601 LST ACR

IS |

* M>3433 6010BCpYyAaNTaHA ON0H Yaayya 6artax 6a Xxaparaary XycBan yp AyH OypuiAr aBaxblH Ty, eep eep
aNXaMyyabir COHFOHO.

<- Processing Procedure =

Time(GMT) | GEO | MOS | RAD | CLD | ATC | LsT |
20180518 v v v v v

Select

Clear

Select All

Clear All

e X3p3B x3parnary 6yx 6010BCPYyNaNTbIr AyycracHbl gapaa xonboockir byuaax (Cancel) 6onomKToMN.

¢ BonoBcpyynanT b6a 3aaBpblH Tanaap aBaxbIr XYCB3N Xaparary Help a3sp gapHa.

4.1.2 @annvin Hapuiin Xan03pyyo

daiinbiH HapuiiH popmaT Aapaax xanbapTaii 6aiHa:
OponTbiH dainyya: PaiinbiH HIpYYA eepuneraeeryin 6on aarasp Hb MODIS 1b M3a33Tai UK baliHa.

FapantbiH daiinyya: YYYYMMDD_NDVI(LST,REF1,REF2,REF3,REF4,REFS,REF6,REF7)_ACR(NON).tif

4.2 Jenyynze (Composition)

IH3 moaynba, 5 xoHor, 10 xoHor 6a capbiH NapaMeTPYYAMIT 646p TYTMbIH M333H33C YYCI3XK, HIr cap Hb rypBaH
10 xoHOIT Byloy aXHUIA apBaH e4ep, X0Ep Aaxb apBaH egep 6a rypas Aaxb apBaH eaep (3apMmaaa rypas Aaxb
apBaH efep HalMaH efiep 3CB3/1 apBaHHIMH eaep 6aix 60HO) raK Ty TyC XyBaargaHa.

HapwiiBunncaH 6onoBcpyynantbir 6010Bcpyynant (operation)-biH aryynraac ok 60Ho.
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4.2.1 bonoecpyynanm

Sensor: m
Resolution: Tkm ~
Frequency:

Date:

Parameter Type:
Atmospheric Comection: YESgr

Composition Method:

(@) Mapdmum () Average

Input Folder:
D:\DroughtWatch3. 2 datadir\Prepout

Output Folder:
D:\DroughtWatch3 2\datadir\Parameter'.

20180519 NDVI_ACR _MODIS1b MNG 1KMtif

¢ DroughtWatch-uiH yHAC3H U3casc Preprocessing = Composition COHroXbIH Ty/14, X3P3rN3ry TOXMPrOOHbI
xon6ooc ypyy opHo.

o X3parnary COHMPXCOH xyrauaa (5 xoHor, 10 xoHor 6a cap)-aa COHroHo.

e MeH xaparnary NDVI, LST, REF1, REF2, REF3, REF4, REF5, REF6 6a REF7 racaH napameTpyyauiiH anb HIrUnAr
Hb COHIOHO.

o CMHTE3MIH aprbiH XyBbg, 2 COHTOAT baliaar 6a xaparnardy XxaMruiiH ux 6a AyHAaX CUHTE3UIH aprbir COHTOX
60nHo.

e MeH X3par/iary egep TYTMbIH NapameTpuitH Gaiabir axunnyynax berees xaparnard browse gupektopooc
T3Ar93PUIAT 010X, MEH YP AYHT XaAranaxbiH Ty/4 rapaaTbiH 3aMbIr COHTOX X3P3rTai.

® X3p3rnary mMag33HUN 3ypruiir WNHI LOHX00pP XapK 6onox 6a yyHuiir preview ¢yHKUMir viewer tool-3ac
Xalx 60Ho.
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NG

Compass

4.2.2 Daiinvin HIpUTIH XINOIPYYO

OponmeiH ¢aiinyyd:
YYYYMMDD_NDVI(LST/ REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON).tif

fapanmein ¢aiinyyo:
YYYYMMM_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON) MAX(AVE).tif
YYYYMMDDD_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON) MAX(AVE).tif
YYYYMMPPP_NDVI(LST/REF1/REF2/REF3/REF4/REF5/REF6/REF7)_ACR(NON)_MAX(AVE).tif

5. Unoexkcyyo (Indices)

OH3 Moaynba, NapameTpyyauiiH 3BYYN3ra3p 5-H 3aiMHaac TaHAaH CyananbiH raHrminH nHaekcyys (VCI, TCI, VHI,
NDDI 6a VSWI) 60n0H 2 uar yypblH nHAeKc (SP1 6a Al)-miir TooL,00/108.

X3pB33 X3P3rN13ry MHAEKC BYPUIAH anropndmblr M3gaXUIAr xycean XascpanT (appendix)-bir y3H3 yy.
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5.1 Ypeamnvin noxuauitn unoekc (VCI)

Sensor

Resolution:

Frequency:

Date:

< Input Data ->

NDVI D:\Drought\Watch3. 2\datadir\Parameterdekad 2018 Load Preview

Max_NDVI D:\Drought\Watch3.2\datadir\Reference\05020_max Load Preview

Min_NDVI: D-\Drought\Watch3 2\datadirReference 05020 _minr Load Preview
Output Folder: D:\Drought\Watch3.2\datadir\Index Browse Preview

Run |[ Concs |[ Hep |

e Xyrauaa 6a OrHoor COHroHo.

e AX/bIH TOBYNYYpPaap X3parnard coHrocoH NDVI dainbir ayaanax 6erees dannblH HIPUIT LLOHXOHA,
XapyynHa.

* MeH XxamMrniH mnx 6a xamritH 6ara NDVI ¢alinbiH Xamka3r a4aamk 60s10x 601084 X3p3B TOLOPXONICOH
Tan6apT COHrocoH daiin barixryin 60 acyynrbiH LLOHX rapy UPH3.

® JH3 LLOHX00P XaMruiiH nx 6a xamrmiiH 6ara NDVI-uitr 6oayynHa. dHA TOOL00/10X X0Ep apra baiaar 6a xapas
eMHe 6oayymk baiicaH XaMrMiiH UX 3CB3 XaMruitH 6ara ytra 6arisan xaparnardy NDVI xamMruitH cyyaminH
M3/93r33p TOOLLO0/IHO. X3P3B TOAOPXOMACOH 3aMA, A33PX M3A33HYYA, Balixryii 601 X3apariary ypT XyrauaaHbl
NDVI-nitH Mag33r AaxuH 6o4yynax XxaparTaid. YYHUIAT 00PX X3Craac XapHa yy:

Mzzemin NDVI: D:\DroughtWatch 3. 2\datadir'Parameter\dek Calculation

Langtime KWDWI: | | 5-

e MeH X3p3r1ary Preview TOBUMIT Aap»K, rapanTbiH M3423r XapaXx, 3ypruir Tompyynax, 3ypruir baracrax,
3yPrvir 43nrausHA 6yTHI3p raprax, BeKTop daiin Hamax 6a eHTMIAT CONMX X MIT O/1I0H BOIOBCPYYNANTHIT
rYMLSTraX33C ragHa A3Nr3paHry 6onoscpyynantbir viewer tool-33c xaiix 601Ho.

e [QpanTblH AUPEKTOPLIT HIMXK, Run ToBumiir gapaxag VCI-uinH magas 6onoBcpyynargaHa.

o V/Cl M3433 TyXaiH COHrOCOH 3am 6a M343311MIMH caHA, aBTOMaTaap XaZranargaHa.
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5.2 Temnepamypuin noxunuiin unoexc (TCI)

vl | T [vHi_ [ nooi [nowi Jvswi [sei Ja |

Sensor: [moDIS/TERRA ~|

Resolution: [tm ~

o

EslE )

<- Input Data >

LST: D:\DroughtWatch3. 2\datadir\Parameter\dekad 2018 Load Preview

Max_LST: D:\DroughtWatch3. 2\datadir\Reference 05020 _max Load Praview

Min_LST. D:\DroughtWatch3.2\datadir\Reference 05020 _minl Load Preview

Output Folder: D:\DroughtWatch3.2\datadirIndex\. Browse Preview
An ) (e ) [ )

¢ Xyrauaa 6a OrHOOr COHIOHO.
® AJ/bIH TOBYJTYypaap X3p3r1ary COHrocoH LST dannbir ayaanax 6erees, dainbiH HIPUINT LLOHXOHZ, Xapyy/Ha.

e MeH XaMruiiH nx 6a xamruiiH 6ara LST daiiabiH XamM¥Kaar adaank 6010x 6010BY X3P3B TOAOPXOM/ICOH 3aMg,

COHrocoH daiin bawxryi 601 acyynrbiH LOHX rapy UPH3.

® JH3 LOHX00P XaMruUiiH Mx 6a xaMruiiH 6ara LST-uiir 6oayynHa. IHA TooL0010X X0€p apra baraar 6a xapas
eMHe boayymk 6aicaH xaMrninH Mx 3cBaN XxamruiiH 6ara ytra 6aisan xaparnary LST xaMruidiH cyyauniH
M3/33r33p TOOLL00/IK 60MHO. X3p3B TOAOPXOMICOH 3aMa, A33PX M3A33HYYA 6anxryin 60oa xaparnary ypt
XyrauaaHbl LST-MitH m3a33r gaxuH 6oayynax xapartait. YYHUIAT SOOPX X3Cr33C XapHa yy:

Maemin LST: D:A\DroughtWatch3 2\datadir Parameterdek Calculation

Longtime LST: | | [ Calculation |

e MeH X3p3riary Preview TOBUMIT Aap»K, rapanTbiH M3433r Xapax, 3ypruir Tompyynax, 3ypruir baracrax,
3yPruir 430rausHA 6YTHI3P raprax, BeKTop daiin Hamax 6a eHTMIAT CONMX X MIT O/I0H HO0BCPYYAANTHIF
rYMLITraX33C ragHa A3Nr3paHry 6onoscpyynantbir viewer tool-33c xaiix 60sHo.

e [QpanTbiH AMPEKTOPLIT HIMXK, Run ToBumiir gapaxag TCI-uiMH M3a33 6o10BCpyynargaHa.

e TCl Mm3433 TyxaliH COHTOCOH 3am 6a M3/ IMIH CaH/, aBTOMaTaap XaAranaraaxa.

47 -



MANUAL DROUGHTWATCH SYSTEM

5.3 Ypeamnwvin spyyauun unoexc (VHI)

[va [1a | vl [noDi [nowi[vswi [sPi A |

— [wobis/TeRRA -] Facr

_ - - i 0.50
Resolution: 1|_<m b - D T
— -

TCI: ’

, = »
<-Input Data ->
NDVI: D:\Drought Watch3. 2\datadir\Parameter'dekad 2018 Load Preview

Maxmin_NDVI:  D:\DroughtWatch3.2\datadir\Reference\05020_max Load Preview

LST: D:\DroughtWatch3. 2\datadir\Parameter’dekad" 2018 Load Preview

Maxmin_LST: D:\DroughtWatch3.2\datadir\Reference\05020 _max Load Preview

Output Folder: D:\DroughtWatch3.2\datadirIndex\. Browse Preview
Run | [ Cancel ][ Hep

Xyrauaa 6a orHoor COHroHo.
o AN/bIH TOBUJIyYypaap X3pP3r1ary COHrocoH LST dannbir ayaanax 6erees dannbiH HIPUINT LLOHXOHZ, Xapyy/Ha.

o MeH X3parnary XxamrminH ux 6a xamruiiH 6ara NDVI dain TyyHUN3H XaMrmiiH nx 6a xamriH 6ara LST dannbir

QKUNNYYNHA, X3P3B TOLOPXOMICOH 3am/A, COHTOCOH daiin Barixryit 601 acyynrbiH LLOHX rapy MPH3.

® JH3 LOHX00P XaMruUiiH Mx 6a xamruiiH 6ara LST-uir 6oayynHa. HA, TooLo010X X0€p apra baraar 6a xapas
eMHe boayynxk baiicaH XaMrMiH UX 3CBIN XaMruiiH 6ara ytra 6aiiBan xaparnard LST XxaMruiH CyyaniiH
M3/133r33p TOOL,00/13K 60/HO. X3p3B TOAOPXONACOH 3aMa, A33PX M3A33HYYA balixryih 60 xaparnary ypT
XyrauaaHbl LST-MiMH M3a23r gaxuH 6oayynHa.

e MeH x3parnary Preview ToBUMIAT Jap:K, rapanTbiH M3433T XapaX, 3yprunr Tompyynax, 3ypruir 6aracrax,
3yPruir A3ArausHA 6yTHI3p raprax, BeKTop ¢ain Hamax 6a eHrMIr CONNX 13X M3T 0/I0H 60NIOBCPYYNANTbIT
rYMLITraX33C ragHa A3Nr3paHry 6onoscpyynantoir viewer tool-33c xaiix 601Ho.

o [apanTbiH AUPEKTOPLIT HIMXK, Run ToBumiir gapaxag VHI-uitH magas 6onoBcpyynaraaHa.

VHI M3433 TyXallH COHrOCOH 3aM 6a M333/1/IMIMH CaHA, aBTOMaTaap Xagranargax 6osHo.
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5.4 Hopmuuncon anzaepvin cancuiitn unoexc (NDDI)

[va 7o Jwhi | nNDDU [nDwiJvswi [sPi Ja |

Sensor: [moDIS/TERRA ~|
Resolution: | Tkm ~ |

Fecency
T O P
<- Input Data ->

Red_Band(Band1):  D:\DroughtWatch3 2\datadir'\Parameter'dekad® Load Preview

Nir_band(Band2): D:\DroughtWatch3 2\datadir\Parameter\dekad" Load Preview

Swir_Band(Band7):  D:\DroughtWatch3 2\datadir\Parameter\dekad" Load Preview

Output Folder: D:\DroughtWatch3 2\datadirtindex. Browse Preview

Run | Cancel |[  Heb |

Xyrauaa 6a OrHoor COHroHo.

AX/bIH TOBYYYpPaap X3parnary coHrocoH Bandl, Band2 6a Band7 dainbir auaanax 6erees daisibiH HIpUiir
LLOHXOHZA, Xapyy/Ha.

X3parnary rapantbiH GONAEPbIT COHTOX 3CB3/1 ©MHO COHIOCOH 3aMblIT aLLUINaX 60/HO.

MeH x3p3arnary Preview TOBUMIT Aap:K, rapanTbiH M3433T Xapax, 3ypruir Tompyynax, 3ypruir baracrax,
3yPrvir 43ArauUsHA 6YTHIIP raprax, BeKTop ¢aiia Hamax 6a eHIMIAT CONMX X MIT O/1I0H HOOBCPYYNANTHIF
rYMLITraX33C ragHa A3Nr3paHry 6onoscpyynantbir viewer tool-33c xaiix 60sHo.

FapanTbiH AMPEKTOPbLIr HAMHK, Run ToBuniAr aapaxag NDDI-uiMH M3433 6on0BCpyynargaHa.

NDDI mM3433 TyxaiH COHFOCOH 3am 6a M3433111IMH caHA, aBToMaTaap Xadranaraax 601Ho.
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5.5 Ypzamnwvin ycan xanzamorcuiin unoexc (VSWI)

[va [1or Jwei [nooi [ nowi] vswi [spi Ja ]

Sensor. [MODIS/TERRA ~ |

Resalution

Frequency:

Date:

<- Input Data -»

NDVI: D:\DroughtWatch 3. 2\datadir\Parameter\dekad 2018 Load Freview

LST: D-\DroughtWatch3 2\datadir\Parameterdekad 2018 Load Preview
Output Folder: D:\DroughtWatch3.2\datadir\ Indes. Browse Preview

Xyrauaa 6a OrHoor COHroHo.

e AXJbIH TOBY/IYYpaap X3parnary coHrocoH Bandl, Band2 6a Band7 daiinbir ayaanax 6ereeg, GpannbiH Hapuiir
LLOHXOHA, Xapyy/Ha.

¢ X3parnary rapantbiH GONAEPbLIr COHIOX 3CB3/1 ©MHO COHIOCOH 3aMblr aLUMINAX 60/HO.

e MeH X3p3ar/iary Preview TOBUMIT Aap»K, rapanTbiH M3423r Xapax, 3ypruir Tompyynax, 3ypruir baracrax,
3YPruir A3nrauaHA BYTHI3P raprax, BEKTOp Gpain Hamax 6a eHTUIAT CONMX MIX M3IT ON10H 6ONOBCPYYNANTbIT
rYWMLSTraX33C ragHa A3Nr3paHry 6onoscpyynantbir viewer tool-33c xaiixk 60sHo.

o [apanTbiH AMPEKTOPbLIr 3aaX, Run ToBumiir gapaxag VSWI-uitH magss 6onoscpyynaraaHa.

VSWI m3433 TyXaillH COHIOCOH 3aM 6a M333/1/IMIMH CaHA, aBTOMaTaap Xagranargax 6osHo.
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5.6 Cmanoapmuuncan xyp mynaoactot unoexc (SPI)

[va [t [wei_ [ nooi [nowi]vswi| sPl (Al

Frequency: Month |
SPI Type: [3Morth ~

Input Station Data: Rainfal +

(@) Database

Output SPI{Station) Folder:
D:\Drought Watch3. 2\datadir Station™, Browse

Output SP1{Grid) Folder:

D:“DroughtWatch 3. 2\datadir\ Index\manth’. Browse Preview
R J[ Cared [[ Hep |

Xaparnary egep 6a rapantbiH d)OI'Ip,eprF Browse-aap COHIrox 3CB3/1 ©MHO HI3C3H 3aMbIr ALLNIAXK 60/HO.

MeH x3parnary Preview TOBUMIT fapiK, rapanTblH M3433r Xapax, 3ypruir Tompyynax, 3ypruir 6aracrax,
3YPrunr A3ArausHA 6yTHI3p raprax, BeKTop ¢ain Hamax 6a eHrMIr CONMX rIX M3T 0/IOH 6OIOBCPYYNANTbIT
rYMU3TIaX33¢C ragHa A3NrapaHryit 6onoscpyynantoir viewer tool-3ac xaik 60/1Ho.

FapanTbiH AMpPEKTOPbIr HAMMK, Run ToBUMiAr Aapaxag, SPI-uiiH maaas 6on10BcpyynargaHa.
9HpA 36BX6H 3-H capblH SPI-UiAr TOOLL00/HO.

SPI M3193 TyXaiH COHFOCOH 3am 6a M34331NMIMH caHA, aBTOMaTaap XaZranargaHa.
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5.7 Xyypauwunmoin unoexc (Al)

[va [t Jwwi

[ noDI [ NDwi [ vswi [sp1 | Al

Frequency:

Date:

Month ~ |

Input Station Data:

|Rainfa|| + | | Temperature v|

@) Database

Output Al{Station) Folder:

Qutput Al(Grid) Folder:

D-\Drought Watch3 2\datadir Station™

D:DroughtWatch 3. 2datadir Index\month’,

Browse Freview

) ( J(

e X3parnary egep 6a rapantbiH CI)OI'IAeprF Browse-aap COHrox 3CB3/1 8BMHO H33C3H 3aMblr ALLNINAXK 60/1HO.

e MeH x3aparnary Preview ToBUMIAT Jap:K, rapanTblH M3433T Xapax, 3yprunr Tompyynax, 3ypruir 6aracrax,

3YPruir A3ArauUsHA B6yTHI3p raprax, BeKTop ¢ain HaMax 6a eHrMIr CONNX rIX M3T 0/IOH 6OIOBCPYYNANTbIT

ryMLaTraxaac rafHa A31rapaHryit 6010BCpyynanTbiH Tanaap viewer tool-33c xaitxk 601HO.

¢ [apanTblH AMPEKTOPLIT H3MXK, Run ToBuMiir fapaxag, Al-uitH maga3s bonoscpyynargaHa.

¢ Al M523 TyXaliH COHrOCOH 3am 6a M3423/1NMIAH caHA, aBTOMaTaap xagranargaHa.
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5.8 Davinvin napuitn hopmamyyo

OponmeiH ¢aiinyyd:

YYYYMMM_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7) ACR(NON)_MAX(AVE).tif
YYYYMMDDD_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7) _ACR(NON) _MAX(AVE).tif
YYYYMMPPP_NDVI(LST, REF1,REF2,REF3,REF4,REF5,REF6,REF7) ACR(NON) _MAX(AVE).tif
YYYYMMM_maxNDVI(minNDVI,maxLST,minLST)_MAX(AVE)_YYYY.tif
YYYYMMDDD_maxNDVI(minNDVI,maxLST,minLST)_MAX(AVE)_YYYY.tif
YYYYMMPPP_maxNDVI(minNDVI,maxLST,minLST)_MAX(AVE)_YYYY.tif

FapanmeiH ¢palinyyo:
YYYYMMM_VCI(TCI,VHI,NDDIVSWI)_ACR(NON)_MAX(AVE).tif
YYYYMMDDD_VCI(TCL,VHI,NDDI,VSWI)_ACR(NON) _MAX(AVE).tif
YYYYMMPPP_VCI(TCI,VHI,NDDI,VSWI)_ACR(NON) _MAX(AVE).tif

6. I an

FaHTMIAH MOAYAMaP X3P3MI3rY raHMMIMH TapxanT 6a xyrauaar 3aHaac TaHAaH cyanan 6a uar yypblH M3433H A433p
CYYPUW/ICAH MHAEKCYYAI3C aBY H0M0X00C ragHa X3paraard raHrMiH MOHUTOPUHT XUAXUAH TYNA HIT UHOEKCUIAT
QHTUMAX, MOH X3, X343H MHAEKCUIT HIrTraxK 60HO. XAHanTbiH cambap (dashboard) Hb 0/10H M3ag33HYYANIAT
[J31r3L, A93p Xapyynax, XapbLyynax, TYYHUASH AYH WWHXUATID XMNXIA MaLL X3P3rTaM, TOXMPOMIKTOMN X3P3rcan
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MANUAL DROUGHTWATCH SYSTEM

6.

1 /lan (Single)

DroughtWatch 3.1 -

Single | Combination | Dashboard

Sensor:

Resolution:

Frequency:

Date:

IndexType:

Input File:

D:\Drought Watch3 2\datadi\Index\dekad\20180502D_TCI, [ Load | [ Preview

Image Information:

Max:  1.00000 Min:  0.00000D Mean: 0916233

Stdev: 0.276406 Accumulative Frequency(35%): 1.00000

Drought Classfication: [ save |

Bdreme: 0 ~ 0095 D

Serious: 0095 ~ 0167 D

Moderste:  0.167 ~ 0255 D

Slight: 0.255 ~ 0343 D

Normal: 0.343 il D

Output Folder:

D:\Drought Watch3 2\datadi\ Droughtout\single'dekad®. [ Browse | [ Freview |
Rn [ Camcd |[ Hep |

[aH MHAEKC A33p YHAICNIH raHIMIAT aHrMnan 6a yp AyHr TOoL00/K 60/HO.

e X3parnary xyrauaa, orHoo 6a MHAEKCUIMH TOPAUIAT COHMOHO.

OponTblH dain 6a rapanTtbliH GongepbIr a4aanax 3CB3/1 ©MHO HI3CIH 3aMbIr ALUMINAK, Aapaa Hb X3P3Mary
95%-mac A33WXM XaMIMUH UX, XaMIUitH 6ara, AyHAA)K, ONIOH KUAWNH AyHAAXK, CTaHAapT Xxa3aunT ba

XyralaaHbl XypPUMTAaA 39P3r 3yPriiH M333/TIAT XapiK BOHO.

AHMUNANbIH XYBbA, X3P3MN3rY YTrbIr TOAOPXOMNOXbIH TYAA, 3aCBAP XMIAX TYYHUNIH TIATIIPUIAT MILIINAUIH

CaHA Xagranax; MeH Xapar/iary aHxHbl aHrMAANYyAbIT WYY/ alnrnax 60/Ho.

MeH x3p3arnary Preview TOBUMIT Aap:K, rapanTbiH M3433T Xapax, 3ypruir Tompyynax, 3ypruir baracrax,
3YPrvir 43nrausHA 6yTHI3p raprax, BeKTop ¢aiin Hamax 6a eHTMIAT CONMX X MIT O/1I0H BOIOBCPYYANTHIF
TYWMLSTraX33C ragHa A3Nr3PpaHry 6010BCpyynanTbiH Tanaap viewer tool-33c xalix 60/Ho.

FapanTblH AMPEKTOPbLIT HIMXK, Run TOBYMIT fapaxas AaH MHAEKCIA CYYPWUICAH FaHTUAH UHAOEKC

6onoBcpyynaragaHa.

byx raHruiiH M333 Tyxa171H COHrOCOH 3am 6a M3p,33ﬂﬂMl7'lH CaH/A aBTOMaTaap XaAranargaHa.

-54-



6.2 Xoconcon (Combination)

Sensor:
Resolution:
Frequency:

Date:

MODIS TERRA -
(i ]

Input Folder:

52_16{VCIAVSWI)
$2_23(TCIAVHI)
52_24(TCI&NDDI)
$2_25(TCIANDWI)
S2_26(TCIAVSWI)
52_34(VHI&NDDI)
52_35(VHISNDWI)
S2_36(VHIEVSWI)
52_45(NDDISNDWI)
S2_46(NDDI&VSWI)
52_56(NDWISVSWI)

Index No.:

Indesx List
52 15(VCI&NDWI)

D-\DroughtWatch3 2\datadir\Droughtoutsingle™. [

EBrowse

][ Preview

() Masdmum () Minimum (@) Median
Combination Method: a
() Mean (&) Majority Subregion
QOutput Folder:
D:\DroughtWatch3.2\datadir\Droughtout \combination'\ [ Bowse |[ Prevew |
Rn | Cancel |[  Hep

DroughtWatch 3.1

XOCO/ICOH MHAEKC3A, CYYPUICAH FaHMMIMH BYTI3rAIXYYHUI yp AYHT X3p3rnary 6ac 6010BCpyyK 601HO.

X3p3arnary xyrauaa 6a OrHOOr COHIoHoO.

o X3p3rNary xap X343H UHAEKCUIT HUMNYYN3H TOLOPXOMUNOX, HUANYYICIH YP AYHTYYAWUUT OOOPX XYCHIITUIAH
)arcaanTtaac xap 6010x 6a Har 6ytoy X34 X343H TOOL,0OT COHIOX 60/1HO.

e OponTbIH d)aVU'I 6a rapantblH ¢on,u,epb|r a4yaaziaX 3CB3/1 ©MHO H33C3H 3amMblIl alinrna)X XxoConCoH aprbir

COHTOHO.

e MeH x3parnary Preview TOBUMIAT JapK, rapanTblH M3433T XapaX, 3yprunr Tompyynax, 3ypruir 6aracrax,

3yPruir 430rausHA 6YTHI3P raprax, BeKTop daiin Hamax 6a eHTMIAT CONMX IIX MIT O/I0H HOOBCPYYNANTHIT

rYMLITraX33C ragHa A3Nr3paHryi 6onoscpyynantoir viewer tool-33c xaiix 601HoO.

e Run TOBYMIT Sap’K XOCOCOH MHAEKC 193 CYYPWCAH raHTUIMH M3433 6onoBCpyynargaHa.

e ByX raHMMnH M333 M3433 TyXallH COHFOCOH 3aM 6a M333/1/IMIMH CaHA, aBTOMATaap XagranaraaHa.




MANUAL DROUGHTWATCH SYSTEM

6.3 Xanax camoap (Dashboard)

ShglelCombination Dashboard|
Resolution: |
—
Administrative File:
DAZ_20171110\Administrative_with_names‘countrybnd-gec shp Select
Input Folder:
D:\Drought Watch3 2\datadir\Droughtout [ Bowse |[ Seach |
Single Indices: Combination Indices:
VCI 53134
TCI 53234
VHI
NDDI
VSWI
Meteorological Indices: Statistics Data
[ sy J[ Cancdl J[ Heb ]

XAHaNTbIH cambap [33p YHASCNIH X3P3rNary Anraatak magaar bycas mMaassTan xapblyynax 6a raHrMnH ayH
LWMHKWATID XUAXMIH TyNZ, 3ypraH 433 CTaHLUbIH M3433 HIMH3.

 X3p3rNary xyrawaa, OrHoo, MeH 3acar 3axmpraaHbl XMAUIAT COHIOHO (y/ic, aimar, Cym 3¢Ban Bycaz BEKTOp).

e OponTbiH hongepbIr a4aancHaap Xaparaardy xapbLyynax 6010MKTON MHAEKCYYL 6a M3493r Xxapax 60/Ho.
X3parnary sarasp UHAEKCYYAMAH X0€p (3CBaN A6POB, 3ypraa)-bir Hb COHroXK 60/HO.

e X3parnary Preview TOBUYMIT Jap:K, rapanTblH M3433r Xapax, 3ypruir Tompyynax, sypruinr baracrax,
3yPrvir 43nrausHA 6yTHI3p raprax, BeKTop ¢aiin Hamax 6a eHIMIAT CONMX X MIT O/10H BOIOBCPYYNANTHIT
rYMLSTraX33C ragHa A3Nr3paHryi 6onoscpyynantbir viewer tool-33c xaiixk 60sHo.

e Display ToBu/yypbIr 4ap:K, eep eep MHAEKC 3CBIN M3433M33p rapracaH raHrMinH 3ypruiir xapyynax 6a
X3P3M13rY 3433p YANAAYYAMIT LOOPXM 3ypraHz, Y3YY/ACIHTIN aaun XMk 60/HO.
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VCl, 201606010 + S3_134, 201606010 +
weder wedt

Elexene EMlsericss [EMlModerate [Msight Ml Normal Bl cxene EMlserous [l Moderate [siight [ Normal

Station Datz: [7]SPI [CAI [C]SM

Image Information

[ Bom J[ Cocd J[ Heb ]

X3p3arnary xapbLyy/acaH AyH WUHKUATIIM XK TYALITIIHI:

e Oep eep aHrMNasbIH FaHMMIAH TapXaaTbIH YTTbIF LLOHXHbI 3yYH Tanaac xapx 601Ho.
o CTaHUbIH M3433 (SPI, Al 6a SM)-T LLOHXHbI 4,004, X3C3IT Xapyynas.

e MeH X3parnary 3ypruinH Tompyynax, 6aracrax, 3eex 6a bycag, 60/10BCpyynanTbIr XMK ayycraHa.

7. JIyn wuunorcunzi

OyH WWHXUAM3HMIA MOAYAMAC XIP3MN3MY FaHMMAH CTaTUCTUK 63 AYH LUMHMKUAMIT XOEP TYBLUMHA, XMIAK 60HO
(opoH3aiiH Harkyya, (spatial unit) 6a uar xyrauaa (time interval)).

7.1 Oponszaitn nazorcyyo (Over spatial unit)

Cwer Spatial Unit | Qver Time Interval

—
o
Admin Unit:
o
Drought Data:

D:\DroughtWatch 3. 2\datadirDroughtout \single \dekad 2016 Load

Administrative File:
D:\DroughtWatch3.2\\data\Mongolia‘\county_code_MMG_1F Select

COutput Folder:
D:*DroughtWatch 3. 2\datadir\Droughtstat™. Browse

sat.  |[ Mp || Cocdl [[ Hep |
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e X3parnary xyrauaa, orHoo 6a 3acar 3axvMpraaHbl XUAWMKUT COHTOHO. (Y/1C, aimar, cym 3cBan bycaz BeKTop).

e OponTbiH dongepbIr a4aancHaap XaParaary xapbLyynax 6010MKTON MHAEKCYYA 63 M3a33r xapax 60/HO.
Xaparnary sarasp UHAEKCYYAUIAH X0€p (3CBaN AepeB, 3ypraa)-bir Hb COHrOXK 60HO.

e X3parnary Preview TOBYMWUT Aap»K, rapanTblH M3433r Xapax, 3ypruir Tompyynax, 3ypruir baracrax,
3YPruUnAr A3AraLU3HA ByTHI3p raprax, BeKTop ¢ain HaMax 6a eHrMIr CONMX 13X M3T 0/IOH 6OIOBCPYYNANTbLIT
rYMUITIaIX33C ragHa A31rapaHryit 6onoscpyynantbir viewer tool-3sc xaixk 60HO.

e Stat. TOBUMIT AapcHaAap raHrMH CTaTUCTUK YP AYHTYYA WMHD XYCHIMTaHA, Xaparaax (400pxu 3ypraHz
Y3YY/ICIHT3M aamn) 6a YYHUIAT TyxaiH COHIOCOH 3ama, XaZrasHa. MeH X3pariary 34rasp Magasr M343311nNH
CaH pyy Xazramk 60Ho.

Name Edreme(%) | Serous(%) | Moderste() | Shght(%) | Momal(%) |  Sum(%) |

n.m 0.00 866 4282 4252 100.00 -
Bayangol 0.00 0.00 0.00 0.00 0.00 0.00 3
Bayanzunc 1.81 038 428 17.30 76.24 100.00

Nalaix 713 031 [1.40 729 8388 100.00
Songinoxainan | 0.85 [ — . ] 100.00
Suxbaatar 0.00 e 100.00

Han-Uul 6.09 100.00
Chingeltei 0.00 100.00
Choibalsan 0.45 100.00
Bayandun 26.80 100.00
Bayantumen 461 100.00

Bayan Uul 14.42 100.00

Bulgan 378 100.00
Gurvanzagal 388 100.00
Dashbalbar nsa 100.00

Matad 419 100.00

Sergelen EE | . | 100.00 i
‘Dﬂ o e 9 rr— R

e Map TOBUMIT AapCHAAP raHrMitH 3ypar 6a rpaduKUIAr LUMHD LOHXOHA, Xapyyaax 6eree Xapariary COHMPXCOH
FaHTMIAH aHMMNA/bIH YTra COHroX, YYHWUIAT 6apyyH rap Tang, baiiraa raHrmitH eep eep aHrunanaap rapracaH
rpadmkaap xapyynHa. [lapaa Hb 3ypar 6010H rpadUKMIAT raprax aBHa.

Serious drought and sbove

Serious drought and above (201606010, TCI)

B Bayancagaan B XalxGol W Teshig

'," 5%

o k7
25%

o~ -4  EH4o-60% Ee-60s  EEA0~100%

Extreme  Serious Moderate  Slight

Name:Teshig, EX:0.109882, SE:0.115539, MO:0.174881, SL:0.133643, NO:0 466055 [ EpotChat ][ Cancdl ][  Hep |
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7.2 Ilaz xyzauaanwi 3auy (Over time interval)

Ower Spatial Unit | Over Time Interval

Start Time:

End Time:

Frequency:

Drought:

Uit :

Name:

Meongolia

e -

J

o X3p3rnary ax/1ax uar, Ayycax uar, [aBTaMK, raHrMH MHAEKC, 3acar 3axupraaHbl H3MK, MEH 3acar 3aXvMpraaHsl
H3MKUIH M333 ( yAc, amar, cym, bycag, BeKTop dalin)-r COHroHo.

e View TOBUMII JapCHaap TOAOPXOM XyrauaaHbl FaHMMIMH CTAaTUCTUKWUIAH YP AYHTYYAMKUT WWHS 3ypar (ooop

Xapyy/caH LOHXTOW ann)-aap XapyynHa.

Moderste drought and shove =

Proportion
8

Drought Area(%, Slight and above) - VHI_Dekad

ol Fos01

2017-06-11

2017-08-21 2017-07-01 2017-07-11

Time

2017-07-21

2017-07-31

2017-08-10

e X3p3arnary 3yyH 4334 6ynaHg, 6ariraa eep eep raHrMiiH aHrMAanyyablH WyramaH eepynenTuiir as4 60/Ho.

o [padukuiir Export XmitxK, TyxaliH COHrOCOH 3am Z0TOP XarajHa.
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8. bazcu (Batch)

DrougthWatch cuctem Hb 0NOH KUAMIMH M3433T asb Y Xyrayaaraap 60108cpyynax 6onom:KToin 6a xyrauaar
TOXMPYYNaxag, CUCTEM aBTOMATaap aXuaiaHa.

IH3 Hb Mall X3P3rTai Xaparcan 6erees ax/biH LUar 6a KOMMNbIOTEPUIAH X3P3I33T YP aLIMITain BOArOXbIH TyA4,
MX33X3H X3IMHIXK Yaagar. Xaparnardy msfaaras AapaaruiiH efep 3CB3/ X343H e4puiiH fapaa 4 60n0BCpyyIK

Ayycraxbir XycBan 6010BcpyyncaH 6yT3arasxyyH Hb TOAOPXOMACOH 3am 6a M3A23NIMIMH caHg, YYCCIH Baiix
60/HO.

8.1 bonoecpyynanm (Operation)

Sensor/Satelite: | ERRA v | Resolution: [1kM Sensor/Satelite: |

[ i e i || | [ m b

o) oM e |

Frequency: Month  [|Dekad [T|Pentad [] Day Frequency: Month [|Dekad [|Pentad [|Day
<-Parameters Configuration-> «<-Parameters Configuration->

Atmos Comection: ) No @ Yes Amos. Comection: @ Mo (D) Yes

Composttion: @ Maximum () Average Composition @ Madmum ) Average

Single Index: Flvar FlTC @VvH NDDI  [@]NDWI  [F]vswi Single Index: vl [#TCl  [@]VHI  [Z]NDDI NDWI (] vswi
Combination Indes: lSGJ23456(VC\&TCIWH\&NDD\&NDWIWSW\) v] Combination Index: [56_123456(VCI&TCI&VHIMDDI&NDWI&VSWI) ']
Combination Method: ) Max @) Min ) Mean ) Median @ Majority Combination Method: (O Max (O Min ) Mean () Median @ Majority

Batch | [ Cancel | [ Hep Bach | [ Camcel | [ hep

PROGRESS PROGRESS

BB ~ -l

Preprocessing Indices Drought Statistics Preprocessing Indices Drought Statistics

Bary, (Batch) Hb Xap3arnaryng, raHrMinH MOHUTOPUHTUIAH ByX 6ON0BCPYYNaNTbIr aBTOMaTaap 6010BCpyynaxas,
TycnaHa.

IxN1334, X3P3IN3rY Lar Xyrauaar TOXMPYY/XK, anxam bypuitH apryyabir COHTOHO.

[apaa Hb Batch komaHapbir gap, cuctem MODIS magssHuii 6o0n10BCpyynanT, MHAEKCUIAH TOOL00, FAHTUIAH

MOHUTOPWHT 6a CTaTUCTUK Y3YYNINTYYAUUT BonoBcpyynax 6a 6yx rapanTbiH yp AYHIYYA TyXallH COHIOCOH 3am 6a
M323/IIMIAH CaHg, aBTOMaTaap XaAranaraaHa.

® X3p3r/1ary LLOHXHbI 433/, X3C3IT 0400 ABArAaX 6y M3a33HUI LLarMiiH M3A33/1/TMIT XapaxX 60/TOMKTON.

o X3p3rn3ary LOHXHbI TOBYYYPT MPOLLECCHIT Xapax 6a LaHX3p LUyram Hb OL00TMIAH ABLbIF TIMASISHI.
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9. Xapax x3pazcan (View tool)

Xapax Xaparcan Hb pacTep m3a33 (raster data)-g 30puyncaH onoH YUAOAMIAT XaHrax 6a Xaparnary cucTeMuiiH
oponT 6a rapanTblH M3433T ypbAUMAAH Y33XMIMH Tyna, View-uiiH YHACIH X0n600C Aaxb TOBYAYYPbIH QYHKLbIH
Tanaap A00PX XYCH3ITI3C XapK 60/HO.

Ist_MODIS1b_MNG_1KM_M

@ | x| [¥ | 7| Tcomes

= Open any image file
] Save and export image
L3 Select image pixel
Translation from one to another
@, Zoom to all extent
FH Zoom in
2 Zoom out
F Color slices

Data Value Range: Minimum Value: 273.000885 Madmum Value: 335968445

Grade Mumber:

Grade 1 Grade 2 Grade 3 | Graded | Gredes
Minimum Value [273.00088500977 (2553439697266 (296.18790693555 310.78142083844 323.37493286133
Maximum Value [28559439697266 (298.18790893555 (310.78142089844 (32337493286133 (335.96844482422

Color |@s5.00 [ (0.255.0) [0.255.0) []@255.255.0)  [[](0.255.255)

(o ][ Coneal ]

e MeH X3p3arnary xyaraHbl 6aiipnan 43spx TOOH yTra Xxapax, YYHWUI 3rHss 6a 6araHbir LOHXHbI [004 X3C3rT
Xapyy/Ha.

OHreHuIt Talinbapaap X3pP3rIary M3g33HUIN yTra 6@ aHrMAaNbIH gyraapaap 3yprunr aHruaK, 3yprumH mMagaar
Xapyy/nax Tycrai eHrMMr TOXMpPYY K 6OAHO.
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Xaecpanm

VCI, TCI, VHI, NDDI, VSWI, SPI 6a Al rax m3T 3aiiHaac TaHAaH CyANanblH 5 MHAEKC, Lar yypblH M3433HA
cyypunacaH 2 nHaekcyya, 6aitHa. MHaekcniii anroputm 6onoH 3aasap 6ypuiir gapaax 6avianaap TaHuauyynban:
BonoBcpyynanTaHg, pagMomeTp, reoMeTp, araap MaHAAbIH 3acnara 6a yyaHUI uapyynant 6artaHa. AHY-
biH USGS EROS Data Center (https://Ipdaac.usgs.gov/tools/modis_reprojection_tool_swath)-33c rapracan
MRTSWATH nporpam Hb reomMeTpuitH 3acBap xuix asg moaynb tom. NASA-ruitH rapracaH uaupar UassxT
AaMKyynax 6S 3arBap Hb araap MaHAJbIH 3aciarbiH axkung awurnargaar (Vermote et al, 1999). TyyHunsH
YYAHWUIA nnpyynantaHg NASA-aac caitskpyyncaH anroputmbir awmnrnacaH (Ackerman et al, 2002).

HopMunncoH anraBpbiH ypramabiH HAEKC (NDVI)-uidr Tyrasman awurnagar 6a yyHUinr gapaax TombEoroop
WN3PXUIANHI.

NDVI = (Pnir—Pred)

PnirtPred

3HA, Pnir 6a Pred 601 OMpPbIH H3A ynaaH Tyaa (MOOMC-uitH 2-p cysar) 6a ynaaH cysar (MOAUC-nitH 1-p
CyBar)-UiH OUATYYA, 1OM.

la3pbiH ragaprbiH Temnepatyp (LST) Hb MAO Hap (2005)-biH 6010BCpyy/icaH LOHXA0H XyBaax (split window)
ANropUTM A33p YHAIC/3H rapracaH 6a AynaaHbl X3T yiaaH TysaHbl M3433r alUINacaH.

T =a*BT3; —b* BT, + ¢

9HA, BT31 6on MOAUC-miiH 31-p cyBritH Temnepatyp 6a BT32 6on 32-p cysruiiH Temnepatyp, a, b, c 6on
TOXMPYYATbIH KO3QDULMEHTYYA, OM.

VCI- YpramsblH HEXU/UAH MHAEKCUIT 0N10H Kuauiid NDVI 6a gyHaax NDVI-aap TooL00/HO.

NDVI 60n oipbiH X3T ynaaH Tysa (NIR) 6a y33rasx rapauniiH ynaaH CyBruiiH oMAT XOOPOHAbIH 3epee bereep,
9H3 Hb XN0POGUNNUIH aryynamK 6a ypramablH HaBYHbI MEBTEHLOP AOTOPX ICUWH ©8PUNBNTYYAUAH Xapuy
ynnaan tom (Rouse et al., 1974; Tucker, 1979). NDVI-UiH 1x yTra Hb ypramblH 6YPX3BUMIMH OPOMH ypraman
6a GOTOCMHTE3UNIH YadaBxm (3CBIN HOTOOH)-Mitr aryyngar 6on xapuH NDVI-uiiH 6ara yTra Hb MXWUA XyrauaaHa,
YyPram/blH CTPECCI3C WaATraanaH xnopodpunnuinH byypant, HaBUHbI J0TOOA BYTaL, eepuneraex bairaar
UNIPXUINHI. CYYANIAH KUNYYLL, TAHTUAH MOHUTOPUHIMUH NDVI-WMIH ryAL3TraX YYPruir oN0oH 3pA3MTa4,
cypancaap bariHa (Kogan, 1991; Kogan, 1995; /lo33a-lapcua, 1995; lytmaH, 1996; AH Hap, 1998; loH3anec-
AnoHco, 2002; ).

laHA T3CB3IPTIM YYp aMbCranblH MHAEKCUMIAT 6uit 6onrox, NDVI-UiAH OpPOH 3ailiH ©epuYNenTuiir byypyynaxbiH
TYAA ypramablH HexuauniiH nHaekc (VCI)-uiir NDVI 60n0oH onoH kunauiiH NDVI (Kogan, 1990)-uiiH m3a33r3sp
TOOLLOO/ICOH. IH3 Hb Aapaax TOMbEOTOOP UN3IPXNIANITAIHI:

vep = NPVL = NDViiy
J 7 NDVlpgy — NDVI i,

* 100%

NDV1;60n j enpuitn NDVI-witH ytra; NDV 1, 68 NDV I, Hb 6yx M3a33HMIA XaMruitH ux 6a xamruiiv 6ara
NDVI.
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TCl- TapgapryyruitH TemnepaTyp Hb YpramiblH ypranT, ecentes wyyn Xxonb00Toi; ypraman opuYmbiH
TeMnepaTypblH X3T XaNanT Hb YCHbl cTpecc 6a raH yycax axHW y3yynanT 6oagor. Uitmaac Kogan TCl-nitH
anropndmbir 1995 oHa, AsBLIyyacaH 6aiiHa (Kogan, 1995):

TCl; = M

Tmax - Tmin

TS]- 6on j eapuitH NDVI-niiH yTra, T, ., 6a T,,;, 600 6yx m3433HMIA xamruitH ux 6a xamruitH 6ara
Temneparyp om.

VHI- YpramnblH HOrooH 6aitgan 6a TemnepaTypblH XOCA0NbIH YHACIH A33P YpramabliH 3pyya 6anansir
ToouooncoH (Kogan, F. N., 1995). YyHuiir sapaax TOMbEOroop TOOL00/HO:

VHI = axVCI+ (1 —a)*TCI

9HA, a 6a 1-a 60n VCI 6a TCl-33c VHI pyy XepBYY/IC3H XyBb.
NDDI- NDVI 6a NDWI-33c rapracaH 6a gapaax NDDI-uiiH TarwmTranmiir awmrnaxa (Yingxin Gu, 2007).

NDDI — NDVI — NDWI
" NDVI + NDWI

9HAa, NDVI 60n olipbiH X3T ynaaH Tyaa (NIR) 6a y33rasx rap/viiH ynaaH cyBruiiH oMAT XOOpoHAbIH 3epee; NDWI
Hb OVpbIH X3T ynaaH Tysa (NIR) 6a 6ornHO AONTMOHBI X3T ynaaH Tysa (SWIR)-bl 3epee om.
VSWI- NDVI 6a Ts (ragaprbiH TemnepaTtyp)-uir VSWI (Carlson et al., 1990)-uitH aprag, xaparnaraaar. 3aiiHaac
TaHAaNTaap yCaH XaHraM¥X X3BUIWH yeZ ypraM/blH TEMNEpPaTypblH XA3raapbir TOLOPXOMI0X04 X3P3B raH
TOXMONABON YPraM/blH YCaH XaHTaM»K XaHrantryin 60K 3H3 YEUWH ypramiblH UX TeMnepaTypbiH XA3raap
Xagranargax 60/Ho.
T,
NDVI

SPI- cTaHZapTuMaCaH Xyp TyHaAacHbl MHAEKC, Xyp TyHagac 601 3eBXeH LWaapaaratail OpoTbiH MapameTp toMm.

VSWI =

SPI Hb BOTMHO XyrauaaHa XypUMTAAr4caH Xyp TYHaAacHbl angaranibir Toouo0a0x 3opuaroop 1993 oHa McKee
60n10H bycaa xymyyc 6on0BcpyyncaH baliHa.

P—P
o

SHA, P 601 60AUT Xyp TyHasac, P 601 ON0H KUAWIH AYHAK XYp TyHaAac 6a O Hb ON0H KUAUIH Xyp
TYHaZacHbl CTaHAAPT Xa3aT.

SPI =

Al- XyypanwWuATbIH MHAEKC, XYYPauLLUMATBIH UHAEKCYYA Hb M3A3rAXK OyW XyypallnbiH yTraHg, Toxvpyyara
XWUIACIH 3NeMeHTUNH eepunentuiir yayyngar. OHECKO-ruiiH xyypaiwmnTblH uHAEKC (Al) Hb XKUAUIH Xyp
TyHagac (P) 6a yypwunaTbiH xapbLaar xyBuMap ToOL00AAOr. X3pB33 A33pX NapameTpyyAUMH XapbLiaar aBy
alumrnaarym yeg, yyHuii opoHa temnepatyp (De Martonne, E)-bIH yTrbIr Xaparnak 6ongor.

4= P
" T4+10

OHA, P 601 XKUAWIAH HUIANG3P Xyp TyHadac 6a T 601 KUAMIAH AyHAAXK TemnepaTyp.
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