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Current wildfire monitoring capability

® FY-3 and FY-4 as the second generation of Chinese meteorological satellite, the

spatial, temporal and spectral resolution improved largely. v High response time
® Fire monitoring capability has been enhanced greatly. More accurate and + High positioning accuracy
timely fire products can be generated. v High monitoring frequency

® Especially in global application, FY become the most important data in NSMC.



Temperature difference between mixed pixel and background in
mid—infrared and far—infrared channel
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Temperature of fire

Find the fire position in real time!

NSMC developed the automatic wildfire detection
method with higher accuracy, considering complex
earth surface, different cloud conditions, and solar

radiation disturbances.

The method of wildfire detection

Tvir2 (Tyirse + @*6Tyirag) and Typp 2 (Ty g +@*6Ty a6

Tvr > (Tur ave +Arvir) and Tvr> (Twer ave + Avr)

or Twvir = 7Twmr wm
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active fire

background

In daily wildfire monitoring, tens or even hundreds of fire
pixels often are detected. If using pixel size as the area of
active fire, it will be much larger than the actual size.

The method to evaluate the sub-pixel size of active fire is
developed, which can provide more accurate information
and also be used to calculate FRP.

Sub-pixel wildfire information evaluation

1) Dual channel evaluation for P,T.

Using mid-infrared and far-infrared channelsto evaluate
sub-pixel size and temperature of fire.

NMIR (P’T) =P* NMIRt +(1_ P)* NMIRbg

NFIR (P’T) = P*NFIRt +(1_ P)*NFIRbg

2) Single channel evaluation(T is set 750K)

Using single channel to evaluate sub-pixel size when the
temperature(750K) of active fire is set.

P = <NM[ — NM[ﬁbg)/<NM[m o N/W/?bg)

FRP (Fire Radiation Power) evaluation
FRP = S, * oT"




Burned area estimation

Reflectance of burned : gﬁrr:zglii;fhﬂlee
trees and grass T simeteoan |
strongly decreased in .

NDVIgospre — NOVI e . > NDVI 4, ) visible and infrared

channels.

P v _ NDVI,,, - NDVI,
vir < Koy o ®~ NDVI, - NDVI,

NDVI = (RNir — Fre )/(R + RRed)

Nir

NDVI < NDVI

Fresh grass

Support for wildfire loss assessment and emission estimation

NDVI and near infrared channel data are utilized to discern
burned area. Furthermore, the fusion method of FY and high 't NEN
spatial resolution satellite data is developed fully using the o
temporal and spatial resolution.

Dried grass Burned grass




Validation based on man-made fire experiment

.
ME

Id in Guang Xi Province, C

Validate the accuracy of fire monitoring

€ NSMC made a man-made fire field experiment coincident with satellite
overpasses in 2005. The man-made fire field was in circular shape, and
was laid over firewood, tree branches and trunks.

€ Thermal imaging system instrument was used to measure the radiance
and the temperature distribution in the field.

€ The experiment indicated the methods of fire detection and sub-pixel
size evaluation are effective and satisfied.




Validation based on field investigation and experiment of wildfire

In recent years, NSMC have hold many experiments for validation of wildfire product
accuracy. The accuracy of the FY-3 automatic fire monitoring algorithm is acceptable.

v In May 2007, fire intensity evaluating investigation in Heilongjiang using the helicopter.
v In September 2007, active fire area evaluating investigation in Heilongjiang using the
UAV.

In May 2013, grassland burned area field spectral measurement in Inner Mongolia.

In June 2014, farmland burned area investigation in Henan Province.

In July 2015, fuel load measurement and investigation in the northeast forest area.

In May 2018, crop straw active fire field monitoring experiment.

N N N NN

In July 2019, background temperature field measuring experiment in Heilongjiang.




NSMC receives
meteorological
data(e.g. FY-3, F

in real time;

Products

« After data proce
multiple products of
monitoring fire are
produced;
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Users

Products
« Ministry of Emergency

« Long time series monitoring of fires combines

. e _ Management;
with satellite images and geographic . CMA:
information, NSMC can produce and offer .

e Provincial

various forms of products according to the : :
P J Meteorological Office;

need of users. .
e |nternational users.

Carbon
Emission
Estimation

Fire Monitoring Fire Thematic Fire Distribution | | Fire Information Burned Area Analyzing Fire Spread

Image Map and Statistics List Evaluation Report Estimation




Fire in US, detected by FY-3D -

e

Y, Wildfires broke out in the western United States in late August, 2020. From September 9 to 14, a large = -

number of fires spots along the west coast of the United States had been detected by FY-3D satellite. ..

-~ The smoke caused by fires spread to the Pacific ocean, and parts-of the United States %
o el R e C e i —— BT T VY : T, .y
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Fire in Australia,

detected by FY-4A
« Using FY-4A satellite, the

fire spots in Australia can be ./
detected at a higher
frequency.

« The image shows the
dynamic change of the fire
in southeast Australia from
9:00 to 15:00 on January 4,
2020.

™
’ﬂ
4 -.

active fire/ hot spot ;}

| FY-4A: active fire/ hot spot detection

¥ £ 4



Daily global wildfire product of FY-3D
(On 21 August,2019)

i e -~
v Daily FY-3 global fire products with 1 km spatial resolution; . §,
v Product contents: fire location, sub-pixel size , intensity and FRP g
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¢« SMART o

Satellite Monitoring Analysis&Remote Sensing s N e e o

smE

-----------------------------------------

____________________________________

(S o ] T

Software and platform of monitoring: SMART

Natural disaster and environment monitoring and analysis With Interactive interface, SMART can be used to
---polar orbit Satellite data

preprocess the FY-3 data, and its fire monitoring model

SMART is a comprehensive application  can be used to detected fire spot, extracted burned area
platform for remote sensing monitoring and

application using FY-3 and other meteorological
satellite Data. various of fire thematic maps.

by human-machine interacting, and produced the
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® FengYun Satellites Global Fire Product Service network has been established.



http://fyfire.nsmc.org.cn/

2 Wildfire product tools

http://rsapp.nsmc.org.cn/geofy/en

SWAP online UTC:2019-11-09 07:00

¥

Satellite products
Lighting Frequency (One hour)

Quantitative Precipitation Estimate

vl .' ] 1
Software and platform of monitoring: SWAP
«-‘SWAP = Satellite Weather Application Platform;

Upper-Level Water Vapor Atmospheric Motion Vectors
Cloud Mask

Cloud Phase

Cloud Type

Cloud Top Height

Cloud Top Pressure

Cloud Top Temperature

Lower-Level Water Vapor Atmospheric Motion Vectors

Infrared Atmospheric Motion Vectors

v .kY-4A satellite. data.and its products are shown in real time on the SWAP website;

-, Thefire'spot detection results detected by FY-4A are updated every10 minutes.

B Sea Surface Temperature
B Dust Storm Detection

B Fire Hot Spot

B Land Surface Emissivity

B Reflected Shortwave Radiation
B Outgoing Longwave Radiation
B Upward Longwave Radiation

B Downward Longwave Radiation

B Temperature (500hP3)
a)
a)

Da)



wildtire pTOGRERIERE

http://satellite.nsmc.org.cn/PortalSite/Default.aspx

FENGYUN Satellite Data C_enter

2 NATIONAL SATELLITE METEOROLOGICAL CENTER
NSMC
L

r SATELLITES DATA IMAGES PRODUCTS DOCUMENTS TOOLS

Home =Data =Data View

“~ . LEO /7 TANSAT #» GEO
You have select: Land % Global Fire Spot Monitoring(GFR) Fy-3p % Daiiyx Fy-3c % Fy-38 ¥
) ¥ Fy-3D ¥ Fy-3C ¥ ry-38 L FY-3A
Satellite
FY-1D I NOAA-18 L NOAA-17 L NOAA-16
) L1 DATA ! Image Il Atmosphere ¥ Land
Product
. . Ocean Radiation
FY-3 daily fire products — , , — —
Global Navigation Satellite System MicroWave Temperature MicroWave Humidity Sounder(MWHS}
can be downloaded from Sinsmumens .
) IPM(IPM) HIRAS(HIRAS) TSHS(TSHS) ...
FY satelli nter . i
Sate te data ce te ¥ Global Fire Spot -l Land Surface ' Land Surface Vegetation Index(NVI)
| Catalog
! Snow Cover(SNC) ) Snow cover Fraction(SNF) I Snow Water Equivalent(SWE) L Soil Moisture(VSM)
i Orbit ¥l Daily L 5 Days £ 10 Days
Period
Monthly
e . : S . Quality
Product a Satellite | Instrument | Period | Format | Resolution Volume(GB) | Availability | Operation R
MERSI-II global
; 2019- 2019- ;
fire s.pot. FY3D MERSI DAILY HDF 1000M 04-30 11-09 511 0.11 View Go
| monitoring I ! ! ! ! I ! I I I !
VIRR GFR Daily FY38 | VIRR DALY | HDF  1000M 2010- | 09 | 3538 | 145 View Go



3 > Application in agriculture monitoring




Theory of water Body and flood monitoring

Water body extraction by optical satellite data

« Optical remote sensing makes use of visible and infrared sensors to form images of the
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Spectral characters of typical earth surface subjects

earth's surface by detecting the solar radiation reflected from targets on the ground.

Theory: Water body has a strong absorption
in near infrared channel, it leads to a very
low reflectance in this channel and a lower

reflectance than that in visible channel.

The reflection characteristics of vegetation

and soil are just opposite to that of water.



- Theory of water Body and flood monitoring

Water body extraction by optical satellite data

* The contrast of water body to ground surface (vegetation or soil) in near infrared is much

higher than that in visible channel.

 The water body appeared in near infrared image is quite clear.

« So these two channels are the most effective channels for water body identification.

Py g

visible channel

-

FY-3/MERSI, NOAA/AVHRR and

~

EOS/MODIS all have visible

and near infrared channels.




-Water and flood monitoring method

- (a) Water body identification under clear sky

* In cloud free area, we can extract water body information from near infrared channel data using the
threshold.

Rnir < Rnir_T Where R, is the reflectance of near infrared. R, sis the threshold.

 (b) Water body identification under thin cloud

* In the case of area covered by thin cloud, we can use the ratio of near infrared channel and red channel

to detect water body under thin cloud.
R

< RT Where R, is the reflectance of near infrared, R,., is the reflectance of red band, R.is the threshold.
red

- (c) Water body identification under the fog

 When the water body covered by fog, the proper temperature difference between mid-infrared and far-

infrared channels are selected to identify the water.

7-mid' 7;‘ar >A 7?.

Where, A 7, is the difference between mid-infrared and far-infrared channels.



Flood monitoring

* Flood monitoring
 Water body identification is the base of flood monitoring.

» Usually, we classify multiple images acquired before and after the flood and then compare the

classification results to identify water expansion or shrinking areas.

 Geographic Information System (GIS) technique is extensively used in quantitative analysis
and thematic mapping during flood monitoring.

FY-3A/MERS| F[E 3t M3 E 2011-07-07 11:30 (LR

PESREERDIRESEDO



Desktop software for flood monitoring

— Uﬁdﬂ[,ﬂﬁﬂr-sw Rnir = Rmr T * S R‘I 1"\ R T *
g ralysis&Remote Sensing

Satellite Monitoring Ana

@2 BONEDERRSKBARY

P

Loty 3 t'"fi""f. -,

Optical datajgl  under thincloud

Tog T >80,

s

a<R; B S gt e '
SMART High resolution satellite data for
FY satellite data meteorological application software

Preprocessing W Typical water mapping W Map of floodwater or

calibration, geocoding... algorithms permanent water




Flood monitoring in Venezuela

FengYun—3D/MERS| Flood Map in Venezuela
Maximal Flood Extent on Aug.20,2018

Map Information
N

01530 60
CRC— A

Projection: UTM, Zone 20 N
Coordinate System: GCS WGES19284
Unit: Mile:
Legend
©  cities
riversilakes

|:| country border

" Snow [l Shadow i No data

~ Cloud [l Normal open water

ice M Supra-snowlice water

|7 Land Floodwater fraction (%)
1o 40

Data Source

Satellite Imagery

Salellite/sensor:
GOES-18/ABI, S-NPP/VIIRS,
NOAA-20VIIRS

GIS data

Adminstrative boundary
and cities: GDAM

Description

This flood map is composited

by GOES-16/ABI,
Suomi-NPP/VIIRS and
NOAA-20/VIIRS data on
Aug. 18, 2018, which reflacts

the maximal flood extent on that
day in Venezusla. Water fraction
means open water percentage in
an ABI 1-km or VIIRS 375-m pixel.

TOC0W

EFRPESSKPO

National Satellite meteorological Centre



Uzbekistan dam break monitoring

_ o L

Thematic map of flood monitoring based on FY-3D data Satellite Remote—sensing Report-
07:55 (UTC), May 4, 2020

A arro T — ™ ae T eT eI o L

NSMC

May 4, 2020-

12 0

National Satellite Meteorological Center-

i

41"

Sardoba Reservoir Dam Break Monitoring in Uzbekistan -

A0 48" H
—

It is reported that dam break occurred in Sardoba reservoir, Syr Darya
states, Uzbekistan, at 6:00 on May 1, 2020. A total of 56 people were injured,
and about 70000 people were evacuated.~

40 3" N

A large range of new flood water body was found in Syr Darya states,
N Uzbekistan through comparison of water body monitoring of FY-3D satellite
| images before (April 27 2020, Fig. 1) and after (May 2, 2020, Fig. 2) the Dam
= break. The flood area is about 320 square kilometers in the clear sky estimated
: by FY-3D satellite (Fig. 3).»

There are still large range of new flood water body in Syr Darya states,
Uzbekistan, monitoring through the latest FY-3D satellite images (May 4, 2020,

a8 E L8 F - g5 _1Z2° E Ah__ 24 F GR35 F A5 F 5¢ E
— N Fig. 4). The flood area is about 220 square kilometers in the clear sky estimated
N e At erec o o1 08 6oz a2
Administrutive Toundary e e oo 0! N w— A by FY-3D satellite at 07:55 (UTC) on May 4 (Fig. 4), and the range of flood
H ©izinal Water Body Projection: Geographic Lat/Lon A .
B o Tlood Warer Trogy 08t 3 b 2 4= water body decreased relative to the results of May 2, 2020.-

EREESKPL

National Satellite meteorological Centre
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1. Staple Crop Area Extraction

O Macro distribution of crops

——To serve for disaster impact
assessment and crop growth

monitoring

——Lower accuracy

O Crop planting area

——To serve for Total crop yield

forecast

——To require high accuracy

U MU A LN BRORNWSAEUON ®

Inter-annual change rate of major crop area in China(%)

2014%F 20134F 20124F 20114 2010ZE 20094E 20084 20074 2006%ZE 20054 2W044E R0034E

—TEE —NE EXK

®The inter annual change rate of
major crop area is small;

®|t is applicable in yield
estimation only that the error of
remote sensing crop area is
lower than 5%



Field sample Agriculture monitoring
FY-3/VIRR/MERSI L1 dat
RS data data(phenology data,etc)
1 I |
Data process .
e . Spectral characteristics
Radiometric calibration Unsupervised .
. — . —> analysis And feature
projection classification . .
; . Variables selection
Geometric correction

|

|
l

Uncertain type Winter wheat

1

supervised
classification

|

Non-Winter wheat

|

Winter wheat

|

Non-Winter wheat

Map generation
and area statistic

O Gather field samples and establish database
O Select and process temporal FY-3 data based
on crop phenology

« Depend on Phenology data to determine the period of remote data;
« combined phenology data with the historical crop data to predict the mixed

crops, estimate the separable information of the mixed crops;
« Construct the original expectation value of the crop time spectral pattern

based on Phenology data.
 Winter wheat (over-wintering period oct. -Dec., Turning Green Stage Feb.-Apr.)

O Analyze spectral Characteristic of bands and
construct feature variable of FY-3 data

 Those channels with more information, less correlation, large spectral
difference and good. Further more, construct feature variables by using
characteristic bands

O Extract crop area based on FY-3 data

By analyzing the characteristics of crop TIME-SPECTRUM schema, image
texture and time series, construct decision tree model. using supervised
classification method for crops area extraction.

O Validation and Mapping



Winter wheat in major producing area of North China in 2018, 2019

Using FY-3 data, we can extract several kinds of staple crops area (winter wheat, corn, rice,
etc.) dynamically, which can provide the basis for crop growth monitoring.

2019 » 2018 .

&1 .
o= 0 140 280 560 KM &l 3]

T T T T T T
B 0 135 270 540 Kilometers

Compared with the areas of last year, The winter wheat areas of Henan, Shandong and Hebei
in 2109 are same as those in 2018. the area of Anhui and Hubei increase this year increase.



2. Phenology Monitoring

O Remote sensing of crop phenology is to find out the significant changes

in crop morphology, the corresponding date and the time of plant
growth cycle.

O The key of Phenology remote sensing is to define the detection criteria
of phenology using the characteristics of VI time series curve and how
to extract these information from time series data.

O Three key growth periods is to be determined for Winter wheat
phenology monitoring :

Turning green period -NDVI rise rapidly

Heading period - NDVI maximum, transformation from vegetative
Growth period to reproductive growth period),

Maturation period-NDVI decline rapidly



Phenology Monitoring of Winter Wheat in Major Producing Area

Processing flow

O Establish ten-day NDVI series of FY-3(VIRR/MERSI) based on winter
wheat growth phenology.

O Time series smoothing process : Adopt time series smoothing
method(e.g S-G filter) to eliminate the influence of cloud and noise in
order that the trend of VI time series coincide with the real
vegetation growth rhythm.

O Construct crop growth curve in the pixel scale.
O Make linear regression on the VI data in the sliding time window,

using the maximum slope method to determine turning green period,
heading period, harvest period.



Maturation Period of Major Producing Area of Winter Wheat in 2018

FY-3B % T 201 84 A& /N F7 3 72 [X B e s A s

; PR, W R
A8 N T e e | B
[ B
L S E I | - 6H Lf)
0 125 250 500 Km - DLl

In the last ten days of May, 2018, winter wheat in the northwest of Hubei, the middle and east of Henan,
the southwest of Shandong , the north of Anhui and the middle of Jiangsu entered into maturation period.




3. Crop growth monitoring

Refer to the macro monitoring of crop seedling,

. growth and its changes, providing the basis for crop
remote sensing yield estimation in early stage

Crop growth monitoring of

! | Find crop growth change by comparing the
real-time growth real-time VI with last year’§ or multi-year
. . average, as well as a specified year. The
monitoring differences can be classified and statistically
\ ) displayed.
( N\

To be constructed by the time series VI data,
and the crop growth state is reflected by the
inter annual comparison of the growth process
curve.

- J

growth trend analysis




Real-time growth monitoring

O Difference Index (Dl)
DI; = NDVI; — NDVI,;

Where, NDVI; , NDVL.., are NDVI of current j and NDVI of reference year. The
bigger DI, the better crop growth.

O Vegetation Condition Index (VCI)

NDVI; — NDVIpp,

VCl; =
J = NDVL,4 — NDVI ..

Where , VCI; — — VCI of period(time) j, NDVI; is NDVI of period(time) j, NDVI,,,
is the max NDVI of the same period(time) over many years,, NDVI,;, is NDVI of

the same period(time) over many years. The bigger VCI, the better crop growth.



Crop growth monitoring in global major producing area
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Crop growth monitoring in global major producing area—Growth trend analysis

==
-

(- <= o = IEEsgvcif

0.9

0.8

0.7

0.6

0.5

0.4

0.3

1 1103

Wheat growth monitoring of India during growing season
2017 vs 2016

——2016 2017

1201 1203 0101 0103 0201 0301

0203 0303

Soybeans growth monitoring of Brazil during growing season
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4. Drought Monitoring

Establish the drought index . .
FY product Construct temporal dataset Apply in drought monitor
based on temporal data

* FY-3VSM « FY-3B/MWRI SM (daily/ten « anomaly (NDVI. VSM)
* FY-3 NDVI e Civil drought events
days/monthly,2012- ) » Anomaly percentage (RET. <
« FY-2/4 RET « Global drought event
« FY-3B NDVI (ten VSM) onal Grotight events

days/monthly,2012- ) * Normalizing Index (SM)

* FY-2 (RET ten
days/monthly,2004- )

Improvement of drought monitoring methods and indicators




Construct drought index based on FY-3/ SM

Soil moisture -- Soil volume water * The soil moisture product of FY-
content (absolute value) 3/MWRI have accumulated for 11
e Disadvantages: soil water holding years of data since the launch of
capacity in different regions are FY3B (2010.10).
different, and the same soil volume .

Based on the temporal series FY-
water content represents different 3B / MWRI soil moisture data

degrees of dryness and wetness in three indices are constructed:

different soil conditions.

« Anomaly, Anomaly percentage
and normalized SM index
( Nindex);

The SM difference between some time and the

same period of the previous year

e Disadvantages: lack of stable
reference SM — SM.,;.,

Nindex =
SMmax o SMmin
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Drought monitoring of Brazil----FY-3B/MWRI soil moisture
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FY-3B SM, since July 2014, there
has been a large-scale drought in
the eastern and south central parts
of Brazil. From Sep to Oct, the
drought in the eastern region has
intensified, and some regions have
reached a severe drought. In
November, the drought has eased
compared with that in October, but
some regions in the northeast of
Brazil still maintain a severe
drought.
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Drought monitoring of USA, in Jul. 2017
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