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MODIS Standard Land Products

Land

o MOD 09 - Surface Reflectance

« MOD 10 - Snow Cover

« MOD 11 - Land Surface Temperature & Emissivity

« MOD 12 - Land Cover/Land Cover Change

e MOD 13 - Gridded Vegetation Indices (NDVI & EVI)
e MOD 14 - Thermal Anomalies (Fires)

« MOD 15 - Leaf Area Index & FPAR

« MOD 16 - Evapotranspiration

« MOD 17 - Net Photosynthesis and Primary Productivity
« MOD 29 - Sea Ice Cover

o MOD 43 - Bidirectional Reflectance Distribution Function
(BRDF)

« MOD 44 - Vegetation Cover Conversion




MODIS Vegetation Indices



Photo-Chemistry

e [ight may be absorbed and participate in (drive) a chemical
reaction. Example: Photosynthesis in plants

6CO, +6H,0+hv—=C.H O, +60,

® Only certain wavelengths are absorbed by some participant(s) in
the reaction

® Some structure must be present to allow the reaction to occur —
Chlorophyll

e Combination of chemical and structural properties of plants



Primary and secondary absorbers
in plants

* Primary
— Chlorophyll-a
— Chlorophyll-b
* Secondary
— Carotenoids
— Phycobilins
— Anthocyanins



Absorption of Visible Light
by Photo-pigments
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Absorption [arbitrary units]
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Fig. 1.1: Spectral variations of absorption in seawater. a: Qualitative comparison of the shapes
of absorption spectra of pure water { Table 1.1), specific absorption by Chl
{ Prieur and Sathyendranath 1981}, and CDOM as implemented in the HY DROLIGHT radiative transfer
madel (Mobley and Sundman 2(HH} descnbed further by Morel and Mantorena (2001 ).




Theoretical description




So1l and crop reflectance
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Normalized Difference Vegetation Index (NDVI)

Defined as the ratio

(rge- T gg)/(Xgetreg)

Correlated with:

Plant Biomass

Crop Yield

Plant Nitrogen

Plant Dhlorophyll

Water Stress

Plant Diseases

Insect Damage

Applications:
Vegetation Agricultural
Monitoring Activities
Drought studies Landcover Change

Public Health
Issues (mosquitos)

Climate Change
Detection

Net Primary
Production

Carbon Balance

-1.0

.
T

(ccc3-cc3)/(ccc3+cc3) = 0.0019801855 1.0




NIR and VIS over Vegetation and Ocean
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Enhanced Vegetation Index (EVI)

EVI =G * Fnir = Vied
L+ry,+Cr.,,—Cr.

Where L is a canopy background adjustment term (Setto 1)

C, and C, are called aerosol resistance terms (Set to 6 and 7.5 respectively)
G 1s the gain factor (Set to 2.5)

e Improved sensitivity in high biomass regions
(de-coupling of canopy background signal)

* Improved results 1n areas of high aerosol

concentrations (uses blue band to correct for
aerosols in red band)

— Based on knowledge of wavelength
dependency of aerosol effects



Comparison of NDVI and EVI

ﬁ/ GRASS 6.1.cvs - Monitor: x0 - Location: pat @ GRASS 6.1.cvs - Monitor: x1 - Location: pat [EIE

MODIS NDVI Calabria MODIS EVI Calabria mod i s_vi250m20000321 . 250m_1
0.98

0.66

0.34

0.02

—0. 50

Both NDVI and EVI maps are colored with identical color table
(MODIS/Terra scene MOD13, composite of 21 March - 5 April 2000, Calabria, Southern Italy).

EVI is less prone to atmospheric distortion (from http://mpa.itc.it/rs/modis_ndvi_evi/)



How does DB VI version differ
from the MOD13 product?

* DB VI product uses the corrected
reflectance, but not the MODIS surface
reflectance MODO09 product

— Corrected reflectance product removes the
effects of the small particle scattering (Rayleigh
scattering), but not the Mie scattering (includes
aerosols)

— NASA VI product (MOD13) uses the BRDF

(Bidirectional Reflectance Distribution
Function) product as input



Surface Retlectance (MODO09)

The surface reflectance product 1s defined
as the reflectance that would be measured
at the land surface 1f there were no
atmosphere.



Surface Reflectance

Proa ='I'8(0:~,-02‘.CO:)[PR F(proa — pr)TE(Un,0/2)
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Proa 18 the reflectance observed at the top of the atmosphere,
T, refers to gaseous transmission,

Pr 1s the molecular scattering intrinsic reflectance,

Prsa 18 the intrinsic reflectance of the molecules and aerosols,
T ¢ .4 1S the transmission of the molecules and aerosols and

Sk 18 the spherical albedo.



Example from MODIS Today web site

July 28, 2010 (209)

t Day ) (Show All Available |mages>
Coastline State borders | Sector borders Today’s Aqua Passes Openi
The effects of = | Todavs AquaPasses | EOpen|

atmospheric and
surface reflection
are not uniform
across a scan

This will affect your
retrievals




NDVI Histograms over China (1600km x 1120km area)
s | i ' : a =
| . Difference corrected -uncorrected
wh i Importance of

Corrected for acrosol

wli o T aerosol
correction when

: zo:.." . .
£ Retrieving NDVI
over China

NDVIx 1000

Fig. 4. Comparison of histograms of NDVI (corrected for aerosol and
uncorrected for aerosol) observed over China (area of 1600 x 1120 km), the
solid curve corresponds to the aerosol corrected data, the dashed one to the
uncorrected and the small dash to the difference between uncorrected and
corrected NDVL



Reference

* E.F. Vermote, Nazmi Z. El Saleous, Christopher
O. Justice, “Atmospheric correction of MODIS
data in the visible to middle infrared: first
results”. Remote Sensing of the Environment
83.(2002), 97-111.



BRDF (Bi-directional Reflectance
Distribution Function)
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BRDF Example

Gap-driven BRDF (Forest):
shadow-driven reflectance

Black spruce forest in Canada.
Left, sun behind camera

Right, sun opposite



BRDF modeled refectances
16 days of UW MODIS DB data
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Inputs and Processing Chain for
MODIS VI Production




BRDF References
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Relevance of NDVI: FIRES

= o Ty -

Day 2001353

MODIS LDOPE Facility
NDVI (MOD13A2C) + FIRE (MOD14CRS)

http://landweb.nascom.nasa.gov/animation/area.html
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* Algorithm Theoretical Basis Document (ATBD)
http://modis.gsfc.nasa.gov/data/atbd/atbd mod13.pdf



Applications

Monitoring of seasonal, inter-annual, and long
term variations of vegetation structure and
biophysical parameters

Climate Studies - Model input

Famine Early Warning - Drought
Epidemiology

Correlated with Net Primary Production

Fire Potential - US National Weather Service
Forecasters



MODNDVI.
NDVI #

MODIS NDVI
Product from
ECNU

28 October 2010




Example of MODIS NDVI product viewed by US Operational
Forecasters in AWIPS 1 November 2007

e 06 \ Forecast Systems Laboratory D-2D (kathys)
File View Options Tools Local Tools Volume Obs NCEP/Hydro Upper Air Satellite kmkx Radar SCAN Maps SSEC Help WamGen
Valid time seq CONUS ~| cear | K| < ‘ > ‘))I\ C)\ === o:‘\//‘ B Frames: 12— |Mag: 1 -~ |Demsity: 1
. 7] !
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drolog)

aukee an; MODIS NDVI product
Hail Scars Vislb.le O-n Satellite ll;\ag.ery | | used tO d@t@fﬁline

On Friday July 24, 2008, multiple significant hail storms moved southeastward across northeast

lowa, southwest Wisconsin, and northwest lllinois. These hail storms produced extremely large :
hail, and copious amounts of hail, which led to some concentrated swaths of damage to eXtent 0 al al I l a e
vegetation. In some areas, most of the crops were severely damaged or destroyed. For a

complete write-up on the situation, click here.

With a relatively clear day today, some of the scarring is visible on satellite images. First, the J l I l 2 O O 8
MODIS Vegetation Index which is @ Tkm resoluton product designed to pick up on areas of

greenness in the vegetation

A minimum of about 28% greenness is evident just south-southeast of Belmont, which is not
surpnising given that is where some of the worst crop damage was observed. Corn stalks were
completely stripped and sheared off to a height of less than 2 feet. These damaged areas of
vegetation now absorb more radiation from the sun, thereby allowing the surface to heat faster.
This phenomenon is evident in the MODIS 250m resolution satellite image from below
Cumulus clouds fired in greater abundance on the Wisconsin hail swaths, which makes them
less distinguishable than the lowa hail swath

The below image is from a few days later, 2 lite earlier in the day so fewer cumulus clouds.
The hail scars are more clearly visible over southwest Wisconsin as well as in northeast lowa



MODIS Fire Product (MOD14)



MODIS Fire Product

Louis Giglio Chris Justice

* Based upon the Temperature Sensitivity
difference between 4 and 11 microns

* Contextual Fire Detection Algorithm

— Infrared static Brightness Temperature
thresholds

— Dynamic thresholds compare pixel to
surrounding background

 Swath based



How are Meteorological Satellites Used to Monitor Fires?

4-11 micron
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Temperature Sensitivity

dB/B = o dT/T
o= C,/AT B is proportional to T¢

Wavelength Typical Scene Temperature
Temperature Sensitivity

(4.0 um) 300 11.99

(11 um) 300 4.32

T(4)**12=P*T, **12+(1-P)*T**12 ~ P*400**12+(1-P)*300**12
T(11)**4=P*T**4. +(1-P)*T**4 ~ P*400**4+(1-P)*300**4

Warm part of pixel has more influence for B(4) than B(11)



Temperature Sensitivity of B(A,T) for typical earth scene temperatures
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B(10 um,T) / B(10 um,273) o T

B(10 um,273)= 6.1

B(10 um,200)= 0.9 — 0.15
B(10 um,220)= 1.7 — 0.28
B(10 um,240)= 3.0 — 0.49
B(10 um,260)= 4.7 — 0.77
B(10 um,280)= 7.0 — 1.15
B(10 um,300)= 9.9 — 1.62

200

300



B(4 um,T) / B(4 um,273) o T2

B(4 um,273)= 2.2 x 10!

B(4 um,200)= 1.8 x 10 — 0.0
B(4 um,220)=9.2 x 103 — 0.0
B(4 um,240)=3.6 x10?% — 0.2
B(4 um,260)= 1.1 x 101 — 0.5
B(4 um,280)=3.0x 101 — 1.4
B(4 um,300)=7.2x 10! — 3.3

200

300



MOD14 Key Output Parameters

1km resolution

fire._ mask 8 bit unsigned integer
— 0 missing input data

— 3 water

— 4 cloud

— 5 non-fire

— 6 unknown

— 7 fire (low confidence)

— 8 fire (hominal confidence)

— 9 fire (high confidence)

Line and element of fire pixel
Latitude and longitude of fire pixel

Fire pixel confidence (one value for each fire detected
per scene)



Algorithm Description

e MODIS bands 21 and 22 (3.99 micron)
— Band 22 saturates at 331 K

— Band 21 “fire channel” saturates at ~ 500 K
* 12 bit range broader — less sensitive

* The calibration of B21 uses fixed calibration
coefficients and not using the scan-by-scan onboard
black body (more noise)

e So use Band 22 unless it is saturated

e MODIS band 31 (11 micron)
— Saturates at ~ 400 K for Terra
— Saturates at ~ 340 K for Aqua



Algorithm Description (cont.)

Aqua MODIS true color image 18 April 2003 12:45 UTC



Band 31 Example

= VisAD Histogram
Tools Settings

4000 A

cound

230
braghtnessTemp

| 279.226) | 301.527|

Lat =52.859 Lon=-0.953




Band 22 Example

annel Viewer

= VisAD Histogram

Tools Settings

|

brightnessTemp

(231914

nstrument: MODIS Lat =52.859 Lon=-0.953



Band 21 Example

= Multi-Channel Viewer

Tools Settings

£ VisAD Histogram
Tools Settings

-
14000 q

-
AE93.51

count

280

380
br.ghtnessTemp

[277.500] | 393.511)

nstrument: MODIS

E@@B B on=-0.




Band 22 —

£ VisAD Histogram
Tools Settings

10000 1

count

ol lgl L [

T T T T

brightnessTemp

Band 31 Example

£ Linear Combination: (c1-c2) c1:22, c2:31

Tools Settings

1.7261343 (c1-c2)=17.642227

c1:22, c2:31

() XAxis () YAxis | Maskls On

BB EIEIRN E1 B E] B E

® Box () Curve

32.55832




Band 21 — Band 31 Example

T

-3.9664612 (c1-c2) = 44.50856

Tools Settings

count

10000 4

braghtnessTemnp

BO

c1:21, c2:31

() XAxis () YAxis | MasklsOn

EREEIENE E E E B

® Box () Curve

91.98358




Example of Relationship between Planck
Radiance of 4 and 11 microns

Tools Settings

(=13

6.894044 {c1)=18.836884 9.779723

12

|

7 ' ' ' ' 3.500 ® XAxis () YAxis | Maskls On

BB EEIEINE E E E E

0 ﬂ@ ) Box (® Curve ® Box () Curve




Algorithm Description (cont.)

* Potential Fire Pixel identified
—BT4>310K (~37 C)
—BT4-11>10K
— .86 micron reflectance < .3

* Otherwise flagged as non-fire pixel



Screening Potential Fire Pixels

(1) BT4>360K (~87 C)

Contextual Tests: Performed on as many as 21 x 21 box
surrounding potential fire pixel to separate out from
background

(2) BT4-11>BT4-11+3.50,,,,,
3) BT4-11>BT4-11+6K

4) BT4>BT4+30,,,

() BT11> BT11+9,,,, —4K

(6) 9, >5K

Where 0 is the Mean Absolute Difference (MAD):
MAD = %Eui —x|




Problem Areas

If there are many fires — hard to get
representative background temperature in
max 21x21 pixel region

Sunglint — Affects 4 micron band radiance

Transition areas — contextual tests pick up
boundaries

Coastal areas — need really good geolocation
so no mixed pixels are included

Clouds — BT4-11 large over water and thick
ice cloud
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Aqua MODIS Aerosol/Fire Case Study
11 May 2011 03:40 UTC

Tools Settings

0000000000




MODIS Fire Product

000 Multi-Channel Viewer ™ O O MODIS Fire Mask...
Tools Settings Import
Band: | 22 v | wavelength 3.97 pm
Non-fire
11 May 2011
03:40 UTC ~,,
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:"‘" ‘1}: ¥
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Instrument: MODIS Lat = 60.588 Lon = 133.248
£lala & N (Apply Mask to MODIS Image)




MODIS Fire Product

000 Multi-Channel Viewer | ® 0O O MO
Tools Settings Import

AV -
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Non-fire

11 May 2011
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(Apply Mask to MODIS Image)




REFERENCES

- Giglio, L., Csiszar, 1., Justice, C.0. 2006. Global
distribution and seasonality of active fires as observed
with the Terra and Aqua MODIS sensors. Journal of
Geophysical Research - Biogeosciences, Vol 111, G02016,
doi:10.1029/2005JG000142.

- Giglio, L., Descloitres, J., Justice, C. O., and Kaufman, Y.,
2003, An enhanced contextual fire detection algorithm for
MODIS. Remote Sensing of Environment, 87:273-282.

- Justice, C. O, Giglio, L., Korontzi, S., Owens, J., Morisette,
J.T., Roy, D., Descloitres, J., Alleaume, S., Petitcolin, F.,
and Kaufman, Y., 2002, The MODIS fire products. Remote
Sensing the of Environment 83:244-262.



MODIS Ocean Products



MODIS Sea Surface Temperature viewed in AWIPS

006 X| Forecast Systems Laboratory D-2D (kathys)
File View Options Tools Local Tools Volume Obs NCEP/Hydro Upper Air Satellite kmkx Radar SCAN Maps SSEC Help ‘WamGen

Valid time seq

GUARDIAN Controls:




MODIS Sea Surface Temperature used by

Forecasters

AREA FORECAST DISCUSSION...UPDATED

NATIONAL WEATHER SERVICE MILWAUKEE/SULLIVAN WI
338 AM CDT TUE MAY 31 2011

UPDATED TO ADD TODAY/TONIGHT AND AVIATION/MARINE
SECTIONS

.MARINE...CLEAR MODIS IMAGE FROM MONDAY EARLY AFTN
SHOWED SHALLOWER NEAR SHORE WATERS HAD WARMED INTO
THE LOWER 50S...WHILE MID LAKE TEMPS REMAINED IN THE MID
40S DUE TO OVERTURNING. TIGHTENING PRESS GRADIENT THIS
MORNING AND SUNSHINE WILL RESULT IN STRONG MIXING
EARLY THIS MRNG. HENCE WL BUMP UP START OF SMALL CRAFT
ADVY SEVERAL HOURS...AND RUN INTO THE EVE. FEW GUSTS

NEAR THE SHORE MAY REACH 30-35 KNOTS LATER THIS MRNG/
EARLY AFTN.



MODIS Sea Surface Temperature

AQUA 30_May 2011 1852 UTC
25 30 35 C
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