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Overview of Land Cover Remote Sensing

Amita Mehta, Ana Prados, Erika Podest
Contributors: Cynthia Schmidt, Amber McCullum




Learning Objectives

« Understand the basics of remote sensing of Land Cover

* [dentity NASA satellites and sensors used for deriving Land Cover data
— Describe Land Cover data access
— Describe Normalized Difference Vegetation Index

NASA's Applied Remote Sensing Training Program



Presentation Outline

« Basics of Land Remote Sensing
* NASA Satellites and Sensors for Monitoring Land Cover
* Land Cover Datasets

« MODIS Normalized Difference Vegetation Index (NDVI) Data
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Basics of Land Remote Sensing




Spectral Bands Used for Land Remote Sensing

* Derived from:
— Reflected opftical radiation
— Reflected Microwave (Synthetic Aperture Radar — 300 KHz to 50 Ghz)

Atmosphere Opaque Radio Window / Atmosphere Opaque Opﬂcal Atmosphere Opaque
to Wavelengths / / to Wavelengths / Window to Wavelengths

106 (Hertz) 10°Hz 10'2Hz 10'5Hz 10'8Hz 10%'Hz
L Micowaves W inirared i unravioiet - xrays
102 (meters) 10'm 101 102m 10°m 10%m 10°m 10:°*m : 10"m 10%m 10°m 107°m 10""m 10"2m
pr (1 m) 5T (1cm) 2 (1am) (1 nm) A -3
Wavelength = Wavelength = Wavelength = Wavelength = Wavelength =

length of a football field width of a baseball thickness of paper b B 5 width of a water molecule size of atomic nuclei

AMradio - .~ *_FM Radio, - el Ph Remotes .* = VisibleLight
5® = ; radiate heat S :

NASA’s Applied Remote Sensing Training Program 5




Spectral Bands Used for Land Remote Sensing

« We will focus on Land Cover from
— Reflected opftical radiation

Optical
[ Window

Atmosphere Opaque Radio Window

to Wavelengths

v
Atmosphere Opaque
( / to Wavelengths

Atmosphere Opaque
to Wavelengths

10° (Hertz) 10°Hz 10'2Hz 10'5Hz 10'8Hz 102'Hz
102 (meters) 10'm 101 102m 10°m 10‘ 10°m 105 : 10"m 10a 10°m 107°m 10“ 10"2m
(1 m) (1cm) (1m) . (1 nm)
PN a PN a
Wavelength = Wavelength = Wavelength = Wavelength = Wavelength =
length of a football field thickness of paper width of a water molecule size of atomic nuclei

width of a baseball

AM radio

L FM Radio, Remotes

radiate heat
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Land Cover Mapping Basics

« Objects on the ground reflect
electromagnetic radiation
differently in different wavelengths

» That is called the object’s spectral
signature

« Example: Green vegetation
absorbs Red wavelengths but
reflects NIR wavelengths

NASA's Applied Remote Sensing Training Program
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Land Cover Mapping Basics

« Spectral signatures by plotting Band Spectral Plots
3 (Red) vs. Band 4 (NIR) reflectance gl AR T —
values: RN /f\ I
— Objects (soil, water, and 5,711 | L1 /™
yege’ro’non) fall in different places E”I/:I:/ \//\\
In The plOT 1::{./'-“\ \Water Velgetation
» Special software is developed that 5T
uses this to distinguish between §
different land cover types 0
T O
- dry soil
g
o| @ @
D ater vegetation

Band 4 reflectance
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Spectral Signatures

* There is some variation in 40

reflectance values at different 35 Veg 1
wavelengths 30 N —Veg 2
g 25 \— ——Veg 2
« Depending on the land cover o ) \ Veg 3
classes you want, the trick is to 15 ——Veg4
identify this variability 0 v
5 Veg 7

0 . . . . .

Band1 Band2 Band3 Band4 Band5 Band7
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Spectral Variation

 Easier: distinguishing between broad classes
— e.g. vegetation and soll

« Harder: distinguishing within broad classes
— e.g. vegetation types

« Variation within and between type (broad classes) is below

45

40 e — .
® / ~_ Vegetation
35 40 L * ) \
30 35 * & S | —
° - y oil _
25 v
325 =
20 S“zo \ A |
15 15 *e
10 - 10
5 5
0 . . - - - ° 0 2 4'1 é é 16 1'2 1'4 1I6 1I8 éo

Band 1 Band 2 Band 3 Band 4 Band 5 Band 7 Band 3
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NASA Satellites and Sensors for Monitoring Land
Cover




Satellites For Land Cover Monitoring

e Current Satellite Missions:
— Landsat 7 & Landsat 8 s

LIS (ss) o i P
> waEsaEn Ny

— Terra

— AQuad

— Suomi National Polar R
Partnership (SNPP) = PR S

OSTM/Jason-2
2008

Suomi NPP

N\ D~
J €

CALIPSO
2006 CloudSat
2006

4 L), 3 \ N
Terra Sl -
ik 8 QuikSCAT \
ul
_ GRAEE(Q)

1999
2002
Landsat 7 (USGS)
1999
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Landsat Satellites and Sensors
http://landsat.gsfc.nasa.gov/

I Landsat1 July 1972 - January 1978
B Landsat 2 January 1975 - July 1983
B Landsat3 March 1978 — September 1983
B Landsat4 July 1982 - December 1993
I Landsat5 March 1984 — January 2013

Landsat7 April (1999 -

Landsat 8 February 2013 -

Landsat9 2023 |0

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

NASA’s Applied Remote Sensing Training Program 13 ‘



Enhanced Thematic Mapper (ETM+)
http://landsat.gsfc.nasa.gov/landsat-7/

 Onboard Landsat 7 |
» Polar orbiting satellite

Atmospheric Transmission

- Spatial Coverage and Resolution: mopn - ' o o v { NN
— GlObOl, SWOTh ]85 km 1] 2] s ; L7 ETM+ g [ s ]
— Spatial Resolution: e oo o0

*1om, 30 m, 60 m Spectral Bands: 8

* Temporal Coverage and  Major Bands: blue-green, green,
Resolufion: red, thermal IR, panchromatic
— April 15, 1999 — present —Bands 1-5, 7: 30 m
— 16-day revisit fime —Band é: 60 m

—Band 8: 15 m
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Operational Land Imager (OLI)
http://landsat.gsfc.nasa.gov/landsat-8/

 Onboard Landsat 8 |
» Polar orbiting satellite

 Spatial Coverage and Resolution ‘r g I 'a } -
— Global, Swath: 185 km fimom = o |
— Spatial Resolution: 15 m, 30 m o oo oo
« Temporal Coverage and Spectral Bands: gavelengmmm)
Resolution: - Major Bands: blue, blue-green,
—Feb 11, 2013 - present red, near IR, shortwave,
— 16-day revisit fime panchromatic
— Bands 1-7, 9: 30 m
— Band 8: 16 m

NASA’s Applied Remote Sensing Training Program 15 ‘



Get Landsat Images and Band Reflectance Data

science for a changing world

ZUSGS

ZUSGS
[ e —1 - LandsatLook E‘ d kv
EarthExplorer Page Expi
[ Home 1 New System message Login Register FCE ¢ [JRE, .
[ Sourn crarn [TETY . vear
Search Criteria Summary (Show) ¢ | Interface Controls NG S | Lat: 37.0464, Lon: 121,239 Q ~ 5 From [ 2003 :] To (2017 =
e 3 T e o N
1. Enter Search Criteria _ ) . onte Choose Your Data Set(s) | 7 Eidorado A : 2 Days of the Year
To narrow your search area: type in an address or place I\ & - National flo- /3 2 g Epents y:
name, enter coordinates or click the map to define your » Data Set Filter _| /. EiDorado/ Forest ks e From January 01
search area (for advanced map tools, view the help \ [ o N 2% Ottawal | Mo
" o ASTER Level 1T© 7 Ottawa Montreal .
i o e o homc aaiolanacy ()] | sagaento ] zA g : a 5 To December 31
== Q@ poae \ N ; Toronta
PaiRow | Feature » N
= Jstor Maximum Cloud Cover
Q) Eo-14aU0 p o 5 - GREAT PLA qBoston .
< ’l b 20%orless ¢
 svow | crear | @ eo-1Hyperion® il UNITED
= 1 Voo : STATES hiladelphia Sensors
Global Land Survey © incisco glo
= Froceinea ea @ g % o) @ Landsat 8 OLI (2013-present
Q) RS AWiFs © Yor - @ Landsat 7 ETM+ SLC-off (2003-present)
[ eroaminsorsomns I = o : Landsat 7 ETM SLC.on (1999.2000
inaiieean W
1 ghllanta Landsat 4-5 TM (1982-2011)
© No coordinates selected. ‘ Metadata Filter = Landsat 1-5 MSS (1972-2013)
| [vee oo | 'acd Coorste | cier Gouraraes | oy o I ; Houston
S Zoom in to 1:1M to show images
X5 Resut options Cloud Cover
o to 20 si WMonterrey _Miami
Search from: [mm/saryyyy (& t0: mmyaciyyyy (& ° o
Search months: (21) - oot MEXICO MHavana
:': Guadalajara EUES
Data Sets - & Fort-au
“ Mar Prince
hor %
N Landsat 8 OLI/TIRS C1
LC08_L1TP_044034_20130416 Guatemala ¢
APPLY || CLEAR ‘Acquired on 2013-0 o
Current Scene Browse Opa
SO | cosTA
BT ] RICA
L previous || seLect X
Leaflet | Map data © OpenSirestMap contributors, USGS/EROS. el — Metadata PANAMA

Earth Explorer: GloVis

http://earthexplorer. hitp://glovis.usgs.gov/
UsQgs.gov

Landsat Look Viewer:

hitp://landsatlook.usgs.
oV
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Terra and Aqua Satellites and Sensors

Terra Aqua
hitp://terra.nasa.gov http://agua.nasa.gov/
« Polar orbit, 10:30 a.m. equator « Polar orbit, 1:30 p.m. equator
crossing time crossing time
« Global Coverage » Global Coverage
« December 18, 1999 — Present  May 4, 2002 — Present
« 1-2 observations per day  1-2 observations per day
« Sensors: « Sensors:
— ASTER, CERES, MISR, MODIS, — AIRS, AMSU, CERES, MODIS,

MOPITT AMSR-E
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MODerate Resolution Imaging Spectroradiometer (MODIS)
http://modis.gsfc.nasa.gov/

« Spatial Resolution
— Global, swath: 2,330 km
—250m, 500 m, 1 km

« Temporal Resolution
— Daily, 8 day, 16 day, monthly, quarterly, yearly

— 2000 — present | N\
 Data Format / | ’ W/ \"\-
— Hierarchal data format — Earth Observing | ) f K |
System Format (HDF-EO8) { \ )’“ ‘(| \r
AUEIE T e

B S

1 1 1 1
400 700 1000 1300 1600 1800 2200 2500
Wavelength (nm)
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MODerate Resolution Imaging Spectroradiometer (MODIS)
http://modis.gsfc.nasa.gov/

» Spectral Coverage
— 36 bands (major bands include red, blue, IR,

NIR, MIR)

* Bands 1-2: 250 m

* Bands 3-7: 500 m

* Bands 8-36: 1000 m

RTINN WA 1 {1/ m B VIRS_|
AN B 1 (N / I W MoDIS
EEEEE Em U M Fy-1 |

|| Il AVHRR

00 lllllllll l J) lllll

1 1 1 1
'400 700 1000 1300 1600 1900 2200 2500

Wavelength (nm)

NASA's Applied Remote Sensing Training Program



Get MODIS Band Reflectance Data

Land Processing Distributed Active NASA Earthdata

Archive Center http://earthdata.nasa.gov/
http://lodaac.usgs.gov/dataset disc
overy/modis/modis_products fable/ s

BAND # RANGE nm RANGE um KEY USE
Reflected Emitted
1 620-670 Absolute Land Cover Transformation, Viegetation
Chiorophyil v Nigeria
2 841-876 Cloud Amount, Vegetation Land Cover Transformation
@© Back to Collections Rep. Congo
3 459-479 Soil/Vegetation Differences - ;
MODIS/Terra Ocean Reflectance Daily L2G-Lite Global 1km SIN Grid VOO6 [ BN L. Download Data
4 545-565 Green Vegetation Showing 20 of 2016306 matching granules  Sort by:| Start Date, Newest first_+|  Granule Search:| Search Single or Multiple Granule IDs Search Time: 1.1s
5 1230-1250 Leaf/Canopy Differences
MODOCGA.A2017216.h34v08.006.201721 MODOCGA.A2017216.h31v04.006.201721 MODOCGA.A2017216.h31v13.006.201721 MODOCGA.A2017216.h32v12.006.201721 MODOCGA.A2017216.h00v10.006.201721
6 1628 1 652 SPOW"C]OUd Diﬁerences 8044425.hdf 8043008.hdf 8043227.hdf 8043946.hdf 8031822.hdf
2017-08-04 23:45:00 2017-08-04 23:35:00 2017-08-04 22:20:00 2017-08-04 22:20:00 2017-08-04 22:15:00
7 2 1 05721 55 CIOUd proper—‘jes‘ Land Properties 2017-08-04 23:55:00 2017-08-04 23:45:00 2017-08-04 22:30:00 2017-08-04 22:25:00 2017-08-04 22:20:00
1
8 405420 Chiorophy# MODIS/Terra Ocean Reflectance Daily L2G-Lite Global 1km SIN Grid V006
9 438-448 Chiorophyil
10 483-493 Chiorophyil
1 526-536 Chlorophyil

NASA’s Applied Remote Sensing Training Program 20




Visible Infrared Imaging Radiometer Suite (VIIRS)

hitp://jointmission.gsfc.nasa.gov/viirs.himl

+ Onboard Suomi NPP .
 Polar orbiting satellite .
» Functionality similar to MODIS =
» Spatial Coverage and Resolution: “
— Global, Swath Width: 3,040 km -
— Spatial Resolution: 375 — 750 m o
 Temporal Coverage and N R R s
Resolution: 3 A o, ig

— OC'I' 20] 1 - presen'l' VIRS phenolo-éy broduct (greenup onset, DOY)
— 1-2 times per day

NASA’s Applied Remote Sensing Training Program 21 ‘



Get VIIRS Band Reflectance Data and Land Products Data

Land Process Distributed Active
31 Archive Center

—d
* https://lpdaac.usgs.gov/dataset _di
scovery/viirs/viirs_products

System (E0S) continuity data products anc for the establishment of multiple Science Investigatorled Processirg Systems (SIPS) to 'I' O b | e

NASA Earth Science Data Records

produce the scence data procucts o be developed by the Suomi NP? science teams. The new scence team selections focus on
ceveloping the refined andlor altemative cata products ard Earth Systemn Data Recards (ESDRs) stll needed to ensure that
high-quality cata recorcs for Earth system science ard applicatiors that enable continuity with NASA EOS cata products are available
for all.

The activities to generate ard cistribute NASA Suomi-NPR VIIRS Land Science procucts inchice cevelopmer: of Algonthm
Thearetical Basis Documents (ATBDs) prior o trarsition to operatiors at NASA's SIPS, and long-term archiving ard dis¥ribution at the
Lard Processes Distributed Active Archive Center (L2 DAAC). Mast praducts have their heritage in the MODIS product algerithms,
and in some cases cary versions of the MODIS code were usec by the cperational VIIRE algonithm develcpmert teams. Based on
these two criteria, the VIIRS Land Discipline Team, Lanc SIPS, ard Validation keads have established priorities and phased plans
cetailirg the procuction of Suomi NP Land Scierce Preducts (see table below). The ATBDs for these procucts will incluce upcates
to reflect the latest MODIS (Callection 6) algerithen principles, as well as the VIIRS instrument capabiities and unicue spedifications
Finally, 2 subset of the VIIRS lard product suite (Lanc SIPS.designated Type 2/3 products) will reguire, (1) a new prototype, (2)
substantial algerithms modifications, ardior (3) a new approach that may result in sigrificant acditicral product cevelopmer:.

Algorthms o User's Products Delivered
Cospoaes | oolviggie s PRSI OGRS |Peg fram s
Surface Reflectance v v v v =7
LAVFPAR v v v v Fall, 2017
Snow Products v v v v v
MAIAC Fall, 2017 Spring, 2018 Winter, 2018 Winter, 2018 Spring, 2018
BROF/ADedo v Underway v v Fall, 2017
Burned Area v Pending Winter, 2018 Winter, 2018 Winter, 2018
Active Fires v v v v v
Vegetation Index v v v v Summer, 2017
LST&E v v v v Fall, 2017
Ice Surface Temp v v v v v
Sea lce Cover v v v Fall, 2017 Fall, 2017
Phenology v Underway v v Winter, 2018
Black Marble v Underway Fall, 2017 Fall, 2017 Fall, 2017
¥ Indicates Compieted Task

NASA’s Applied Remote Sensing Training Program 22




Example: Satellite Image Classification for Land Cover

« Requires delineating boundaries of
classes in n-dimensional space
using class stafistics

« Each group of pixels is
characterized by:
— min.
— MAXx.
— mean
— standard deviation
« All the pixels in the image that fall

within those staftistics are given
those labels

NASA's Applied Remote Sensing Training Program
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Image Classification: Approaches

Pixel-Based
« Each pixel is grouped in a class

« Useful for multiple changes in land
use within a short period of time

Best for complete data coverage

and a need for methods to ensure
time series consistency at the pixel
level

 Class names

¥ I Eucalypt apen forest
| Burat Eucalypt woadland

I Gurnt Eucalypt open forest

| Eucalypt woodland

! | Eucalypt woodland-rocky outcrops
T | Grassland

I 1Vielaleuca riparian forest
I Mixed closed forest
B ised woodland

.| Open woodland

Whiteside, T., & Ahmad, W. (2005, September). A comparison of object-oriented and pixel-based classification methods for mapping land cover in northern Australia. Proceedings of
SSC2005 Spatial intelligence, innovation and praxis: The national biennial Conference of the Spatial Sciences Institute.

NASA’s Applied Remote Sensing Training Program 24 ‘



Image Classification: Approaches

Object-Based

» Pixels with common speciral
characteristics are first grouped
together (segmentation)

e Useful for:

— reducing speckle noise in radar
Images

— high resolution imagery

‘ l r
"l 1 N
Whiteside, T., & Ahmad, W. (2005, September). A comparison of object-oriented and pixel-based classification methods for mapping land cover in northern Australia. Proceedings of
SSC2005 Spatial intelligence, innovation and praxis: The national biennial Conference of the Spatial Sciences Institute.

NASA's Applied Remote Sensing Training Program




Satellite Image Classification: Methods

Supervised

» Uses expert-defined areas of known

veg. types to tune parameters of
classification algorithms

« Algorithm then automatically

identifies and labels areas similar to
the fraining data

Credit: David DiBiase, Penn State Department of Geography
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Satellite Image Classification: Methods

Unsupervised
+. tipjul_unsuper.clu
» Uses classification algorithms to —
assign pixels info one of a number
£ : B Cluster
of user-specified class groupings =R
* Inferpreters assign each of the
groupings of pixels a value
corresponding to a land cover class
|Palette m

Credit: David DiBiase, Penn State Department of Geography

NASA's Applied Remote Sensing Training Program



QGIS: Semi-Automatic Classification Plugin (SCP)

« Developed by Luca Congedo See ARSET Land Cover

» Free, open-source plugin for QGIS that  Felleijilelelile]aR"Y/=telgleld (oo Sy (o]
allows for supervised classification http://arset.gsfc.nasa.gov/land/

.« It provides: webinars/advanced-land-classification
— Several tools for the download of imagery
— Preprocessing (Digital Numbers to Top of Aimosphere Reflectance)
— Training site selection and analysis
— Classification algorithms

 Documentation: Congedo, Luca (2016). Semi-Automatic Classification
Plugin Documentation.

— https.//fromgistors.blogspot.com/p/semi-automatic-classification-
plugin.nhtml

NASA’s Applied Remote Sensing Training Program 28 ‘




Land Cover Datasets




Landsat Land Cover Data

USGS Home
Contact USGS
Search USGS

science for a changing world

30 Meter Global Land Cover

Global Land Cover

These global land cover layers are the product of a collaboration between USGS and the University of Maryland,
Department of Geographical Sciences. Thirty meter resolution raster data layers for circa 2010 tree cover and bare
ground and a persistent surface water layer 2000-2012, have been derived from Landsat 7 ETM+ data. The tree
cover and bare ground data are per pixel estimates, 1 to 100% (given as integers values 1-100), the water layer is
a thematic layer (2 = water).

Global Land Cover Reference Data

USGS has produced a set of thematic classifications of very high resolution commercial remote sensing data for a
500 site global sample. The four primary classes (Tree, Water, Barren and Other Vegetation) relate to the themes of
the 30 m global land cover described above.

: & AT
Global Land Cover Viewer

“Cooioma )" *(ootosa )" S Geo=: | e oeiDua Joo

o SO
4 /» s
‘1’ ) 5.7

Global 30m Tree Cover Global 30m Water Global 30m Bare Ground Global Land Cover

(ciroa 2010) {2000-2012) (clrca 2010) Reference Data
(circa 2010,2m resolution)
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Landsat Land Cover
hitps://landcover.usgs.gov/qglc/

« Based on Landsat 7 ETM+ composites, cloud free images from 2000-2012
« Four Classes: Tree Cover, Water, Bare Ground, and Other Vegetation

» Spatial Resolution of 30 m

» Tree Cover and Bare Ground/Other Vegetation represent 2010 values

» Reference Land Cover Data available based on high resolution
commercial satellites for 500 global sites

NASA's Applied Remote Sensing Training Program



Landsat Land Cover
hitps://landcover.usgs.gov/qglc/

« Data gaps filled by multi-year median

« Data represent peak of growing season (maximum free cover-minimum
bare ground) in per cent

 Permanent Water Surfaces derived from 2000-2012 growing season
composites

 Data available in 10°x10° ftiles

NASA's Applied Remote Sensing Training Program



Landsat Land Cover Data Access
https://landcover.usgs.gov/glc/

(€ ) ® U @ | hups://landcover.usgs.gov/glc/TreeCoverDescriptionAndDownloads.php E1| & | (Q search w89 3 A

isesvems List of Tiles by Lat-Lon

Search USGS

U LTI VIV TY UNMAANI VUL LT e &L T TULTAU VLaUVY 1WAV

Global Tree Canopy Cover circa 2010 ﬁ 20S 040E treecover20.> 2017-01-28 00:18 115M
Overview W} 20S_040W _treecover20.> 2017-01-27 23:50 1.3M

Global tree cover data (treecover2010) are per pixel estimates of circa 2010 percent maximum (peak of growing season) tree canopy cover derived from cloud-free annual growing season composite Landsat 7
ETM+ data. A regression tree model estimating per pixel percent tree canopy cover was applied to annual composites from 2000 to 2012 inclusive (Hansen and others, 2013). Data gaps and noise from individual ﬁ ZOS OSOE [rcccovcrzo > 2017-01 -28 00.22 43M
050W _treecover20.> 2017-01-27 23:43 180M

years were replaced using multi-year median values. First, a median from annual tree canopy cover values from 2009-2011 was used to estimate 2010 tree cover. For pixels still lacking an estimate, the median
Raster Values ﬁ 20S 060E treecover20.> 2017-01-27 18:17 1.3M
Tree cover canopy percentage per output grid cell is encoded as Integer values (1-100). Files
o oo e o o e it S R W ) 208 060W treccover20.> 2017-01-27 17:24 407M
i e el % 20 070E treecover20.> 2017-01-27 18:09 1.3M
ﬁ‘ 20S 070W _treecover20.> 2017-01-27 17:35 279M
f ﬁ 20S 08OE treecover20.> 2017-01-28 02:23 1.3M
ﬁ 20S 080W treecover20.> 2017-01-28 02:04 14M
« Potapov, P., Turubanova, S., Tyuk /ina, A., Krylov, A., McCarty, J., Radeloff, V., and Hansen, M., 2015, Eastern Europe's forest cover dynamics from 1985 to 2012 quantified from the full Landsat archive: Remote Sensing of Environment, v. 159, p. 28-43, at ﬁ 20S 090E treecover20.> 2017-01-28 02:20 1.3M

http://www.sclencedirect.com/s: :nce/article/pll/S0034425714004817.

+ Hansen, M.C., Egorov, A., Potapov P.V., Stehman, S.V., Tyukavina, A., Turubanova, S.A., Roy, D.P., Goetz, S.J., Loveland, T.R., Ju, J., Kommareddy, A., Kovalskyy, V., Forsyth, C., and Bents, T., 2014, Monitoring conterminous United States (CONUS) land cover change ﬁ 20S 090W treecover20.> 2017-01-28 02:12 1.3M

with Web-Enabled Landsat Data NELD): Remote Sensing of Environment, v. 140, p. 466-484, at ://000329766200038.
. N;r:;r;ll;it, DeFrles, R.S., Town 1end, ).R.G., Sohiberg, R., Dimicell, C., and Carroll, M., 2002, Towards an operational MODIS continuous field of percent tree cover algorithm: examples using AVHRR and MODIS data: Remote Sensing of Environment, v. 83, no. 1—2, p. 205 IOOE U'CCCOVCI'ZO > 20 1 7_0 1 _27 1903 1 3M
. {3 205 1008 weecover20.>
Ho / et 20S 100W treecover20.> 2017-01-27 19:31 1.3M
20S 110E treecover20.> 2017-01-27 19:11 6.8M
M M M M 20S 110W treecover20.> 2017-01-27 19:24 1.3M
Download Individual Tile or All Tiles 'ﬁ‘

ﬁ 20S 120E treecover20.> 2017-01-27 22:40 24M
ﬁ 20S 120W treecover20.> 2017-01-27 22:50 1.3M

Click 1o download data for e N ron e s
individual tile in GeoTlFF format

calculation was expanded to Include tree cover values from 2008-2011, then from 2008-2012. Any remaining gaps were filled with tree canopy cover values derived from a regression tree model using all growing ZOS
season Landsat ETM+ data as Iinputs. The resulting layer represents estimated maximum tree canopy cover per pixel, 1-100% for the year 2010 in integer values (1-100).

Data Download Individual Download
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MODIS Land Cover Data (Product Name: MCD12Qi1)
https://lpdaac.usgs.gov/dataset dlscovery/modls/modls products table/mcdl12q]l

« Annual Composites from Terra and

Aqgqua MODIS
Spatial resolution: 500 meter

* Primary Land Cover Type Scheme:
Infernational Geosphere Biosphere
Program (IGBP) global vegetation
classification scheme

— 11 vegetation classes
— 3 developed classes
— 3 hon-vegetated classes

NASA's Applied Remote Sensing Training Program

LAND PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER

Home About¥ Dataset Discovery ¥ CitingOurData Tools¥ User Resources¥ User Services ¥ Site B Search
1% Home > MODIS > MODIS Products Table > MCD12Q1

Land Cover Type Yearly L3 Global 500 m SIN Grid

MCD12Q1

The MODIS Land Cover Type product (Short Name: MCD12Q1) provides data Short Name: MCD12Q1

characterizing five global land cover classification systems. In addition, it provides a
land-cover type assessment, and quality-control information.

This image represents the 2005 land cover-
types for the western United States (h08/v05).
This first SDS layer depicts the IGBP
classification. The predominant light-brown
color represents open shrublands. Varying
shades of green portray evergrsen and

Aanid, hadac ara araac nf



MODIS Land Cover Data Search
hitps://earthdata.nasa.gov

s EARTHDATA Find a DAAC ~ A $ Feedback

EARIHEI?)Q)EA DATA COMMUNITY RESOURCES

' ‘ - : ", ! Sacramento

Santa

Napa

v ’ > 3
T P B s
Fairfield R ——— -
- F o - B Ty
o g -~ SRR, ¢

ACCESS NASA EARTH SCIENCE DATA

NASA's data policy ensures that all NASA data are available fully, openly, and without restrictions. FIND DATA VISUALIZE DATA
Here's what this means to you.
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MODIS Land Cover Data Access
hitps://earthdata.nasa.gov/search?g=MCD12Q1/

s EARTHDATA Find a DAAC ~ 3

I S
e (]

. Kazakhstan

Q Search results for MCD12Q1/ Related URLS

7 Matching Datasets

Collection URL

MODIS/Terra+Aqua Land Cover Type Yearly GLDAS Noah Land Surface Mode

L3 Global 500m SIN Grid V051 & monthly 0.25 x 0.25 degree V2.0
MCD12Q1 051 - LP DAAC (GLDAS_NOAH025_M) at GES DI¢

@ 4121 gran GLDAS_NOAH025_M v2.0
RNy 4121 granules

6 granule Distribution URLs

http://modis-land.gsfc.nasa.gov/

About 60 Matching Results
http://earthexplorer.usgs.gov
Nigeria
(3 Feeling hot hot hot ; DY
https://earthdata.nasa.gov/files/NASA_SOP_2016_feeling_hot_hot_hot.pdf http://g]ovis.usgs.gov/ 4 500 mi
... MCD12Q1 Terra + Aqua Land Cover Type Yearly L3 Global 500 m SIN Grid. ... I LEn
Land Cover Type Yearly L3 Global 500m SIN Grid (MCD12Q1) ... N o m e [ ]

http://mrtweb.cr.usgs.gov/

(@3 Sensing Our Planet : . . .
https:/earthdata.nasa.gov/files/NASA_SOP_2016.pdf ype Yearly L3 Global 500m SIN Grid V051 View More Metadata v | API Endpoints v

... MCD12Q1 Terra + Aqua Land Cover Type Yearly L3 Global 500 m SIN Grid. ... https://lpdaac.usgs.gov/datafaccess/datafgool/
Land Cover Type Yearly L3 Global 500m SIN Grid (MCD12Q1) ...
Publication URLs Related URLs: Science Keywords:
View All Related URLs EARTH SCIENCE  LAND SURFACE
VIEW RELATED INFORMATION  GENERAL DOCUMENTATION Temporal Extent: ERNBIESEEANUIGOVER

http://landweb.nascom.nasa.gov/cgi-bin/QA_WWW/qaFlagPage.cgi?sat=aquadver=C5 2001-01-01 to 2014-01-01

GIBS Imagery Projection Availability:
VIEW RELATED INFORMATION _ GENERAL DOCUMENTATION None

https://Ilpdaac.usgs.gov/node/274

Close classification schemes, which describe land cover properties derived from observations spanning a year’s input of Terra-
eme identifies 17 land caver classes defined hv the International Geasnhere Binsnhere Proaramme (IGBP) which include:
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MODIS Land Cover Data Download
hitps://earthexplorer.usgs.gov/

) wl@ !

& | (Q NASA Earth Data

a USGS

science for a changing world

EarthExplorer Page

Home Save Criterla Load Favorite ¥ Manage Criteria Item Basket (0) avmehta v EJLEE

Search Criteria || Data Sets | Additional Criteria

4. Search Results - ¥
(24° 57°57°S,057°10'22°W)

| Map Satellite
If you selected more than one data set to search, use g hil oo
the dropdown to see the search results for each specific R
data set. STATE OF
Show Result Controls v $ STATE VO‘F
JPresiPrudente
Data Set Click here to export your results » (4" ) ¥ Q STATE OF 7 P J%IB?E PREO
i L QR SAQ PAULO = o
| MODIS MCD12Q1 &l : s Cam?xnasr
Maringa’ o c
«First «Previous | 1 % | Next) Last» Paraguay 1 1lm\lrdnrw3

Displaying 1 - 10 of 39 @
Entity ID:MCD12Q1.A2013001.n12v11.051

Coordinates:-25.0346 , -60.9383 SJ : RT f NOAF
1 Show Metadata Acquisition Date:01-JAN-13 JASUNCION
b AV )
Entity ID:MCD12Q1.A2013001.h13v12.051 (é
Coordinates:-35.0485 , -55.3109 | / - STATE OF
2 Show Metadata Acquisition Date:01-JAN-13 o SANTA

\CATARINA

k AV

Entity ID:MCD12Q1.A2013001.h13v11.051
Coordinates:-25.0336 , -49.8581
3 Show Metadata Acquisition Date:01-JAN-13

b AR

STATE OF
RIO GRANDE

NASA's Applied Remote Sensing Training Program

 Data Download in
sinusoidal grid, in
HDF Format

« Software available
from LPDAAC for re-
projection and
conversion to
NetCDF or GeoTiff

https://lpdaac.usgs.gov/iools/m

odis reprojection tool
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MODIS Land Cover Data Download
hitp://glcf.umd.edu/data/lc/

Global Land Cover Facilty 3

~ - aewe . e - Available from Global Land Cover Facility
oo Lo = « Also available in .fiff format at 0.0833° and

Data Access
« Download Native Resolution GLCF Tiles via FTP server

et 0.5° resolutions

Giobal Mosaics of the standard MODIS land cover type data product (MCD12Q11) ‘M L P s
in the IGBP Land Cover Type Clessification are reprojocted into geographic

coordinates of latitude and longitude on the WGS 1984 coordinate reference T C

system (EPSG: 4326). The data set boundaries are -180.0° <= longitude <= ¢

180.0°; 64.0° <= latitude <= 84.0°. The data are organized as an array of values V ¢ oy
uniformly spaced across latitude and longitude with the indexed as [0, 0] at 84.0°

Iatitude, -180.0° longitude.

Spatially aggregated data for each year in the period 2001-2012 are available at two spatial resolutions:

« 5'x 5' resolution comprising 1776 rows x 4320 columns at a geographic pixel size of approximately 0.083333°; and
» 0.5°x 0.5° resolution comprising 296 rows x 720 columns of 0.5° pbais.

The global land cover data sets are available as GeoTIFF format files (*.tif) with embedded metadata or as ESRI ASCII Grid
format files (*.asc) with imited metadata in header lines. Native resolution data in the GLCF tile framework are available as
GeoTIFF format files (*.tf).

How to Cite This Data Set

Data set development attribution:
Channan, §., K. Collins, and W. R. Emanuel. 2014. Global mosaics of the standard MODIS land cover type data. University of
Maryland and the Pacific Northwest National Laboratory, College Park, Maryland, USA.
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MODIS NDVI




MODIS Vegetation Indices Product Overview

« Vegetation Indices:
— NDVI (Normalized Difference Vegetation Index)

« 16 day, 250 meter spatial resolution as a
gridded level 3 product

» Used for characterizing land surface processes
« Anomalies can be used to identify drought
— EVI (Enhanced Vegetation Index)
* Minimizes canopy background
* Improvement in dense vegetation conditions

NASA's Applied Remote Sensing Training Program



What is NDVI?

 Normalized Difference Vegetation Index
— Based on the relationship between red
and near-infrared wavelengths
— Chlorophyll strongly absorbs visible
(red)
— Plant structure strongly reflects near-
infrared

— Conifer
— Deciduous

8 8 8 & 8

Near-Infrared ‘
41
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What is NDVI?

« NDVI formula:
Near Infrared - Red
Near Infrared + Red

* Values range from-1.0to 1.0

— Negative values to 0 mean no
green leaves

— Values close to 1 indicate the
highest possible density of green
leaves

0.50- 0.08 0.4-0.30
( ) 0.72 ( ) =0.14

(0.50 + 0.08) (04 +030)
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NDVI Anomalies

* Departure of NDVI from the long-term average, normalized by long-term
variability

« Generated by subtracting the long-term mean from the current value for
that month of the year for each grid cell.

 Indicates if vegetation greenness at a particular location is typical for that
period or if the vegetation is more or less green
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MODIS Vegetation Indices

hittp://modis-land.gsfc.nasa.gov/vi.himl

See links below to the Product Description pages posted at the LP DAAC (product details, data access links, and more....)

Product Name

Vegetation Indices 16-Day L3 Global 250m
Vegetation Indices 16-Day L3 Global 500m
Vegetation Indices 16-Day L3 Global 1km
Vegetation Indices 16-Day L3 Global 0.05Deg CMG
Vegetation Indices Monthly L3 Global 1km
Vegetation Indices Monthly L3 Global 0.05Deg CMG

NASA's Applied Remote Sensing Training Program

Terra Product ID

MOD13Q1
MOD13A1
MOD13A2
MOD13C1
MOD13A3
MOD13C2

Aqua Product ID

MYD13Q1
MYD13A1
MYD13A2
MYD13C1
MYD13A3
MYD13C2




MODIS NDVI Data Search and Access
hittps://earthdata.nasa.gov/search?qg=MOD13A1

Search | a

Q Search results for MOD13A1 Y Filter Results

2 Matching Datasets View all results in Earthdata Search &

MODIS/Terra Vegetation Indices 16-Day L3 Global 500m SIN Grid MODIS/Terra Vegetation Indices 16-Day L3 Global 500m SIN Grid *,,
V006 V005 :
MOD13A1 v006 - LP DAAC MOD13A1 v005 - LP DAAC
(X 118164 granules X 112296 granules
A )
AcCcess
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MODIS NDVI Data Download

s EARTHDATA

Cote divoire / Ghana Central

African
C194001237-LPDAAC_ECS

Liberia g Republic

© Start: 2016-01-01 00:00:00 Stop: 2016-U2-29 Z5:69:59 Te m p O rO | & T
Spatial Search

13 Rectangle: SW: -30.9375,-56.26 NE: -23.625,-48.656256 Republic

Gabon ot the Congo

Argentina

@ Back to Collections

DOl 10.5067/MODIS/MOD13A1.006 Science Keywords:
Refated URLs:

View All Related URLs

Temporal Extent:

1899-12-18 ongoing

GIBS Imagery Projection Avalability:
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Next: Access Landsat Land Cover for SFW and
Analyze MODIS NDVI over SFW




