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Carbon Pools in Desert Grasslands from EOS
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overview

Goal: To improve estimates of above- and
belowground C pools in desert grasslands by
providing improved maps of:

- plant community type (Kremer & Running, 1993!)

- canopy structural parameters

- soil/shrub/grass fractional cover

Approach: exploit the unique information content of
multi-angle remotely-sensed data from MISR and

MODIS on NASA EOS satellites.

1 See references on later slide.
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why?

1. World-wide increase in woody plant
abundance 1n grasslands since

C19th, e.g. the SW US --> changes
in C pools and cycling.

. Our ability to model biogeochemical
processes depends on knowledge of |
cover and community type (+ other
parameters).

. Moderate resolution Earth
Observation 1s the only technology
which provides a means to map
changes in community type and
structure over large areas.
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community types

The physical structure
of plant communities
1s very different

"

Black grania grasslands
(SNWR)

Honey mesquite / grass transition zone
(JER)
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Work with the AVHRRs (AM+PM)...

Iso-Geo-Vol FCC:
LiSparse-RossThin

kernel weights from
the AVHRR VIS

BAND ONLY. The
unique information
content of multi-

angular imagery is
important.

Chihuahuan Desert
northern boundary

rivers and lakes

100 km

Kernel weights from BRDF model fitting using just the VISIBLE AVHRR channel
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(b) New Mexico

0.532

0.50 4

Experiments in
NM and Inner
Mongolia
grasslands? 4
show there is ) ér
great potential [T e T T TR
for exploiting VIS Reflectance, ocrectedfor SRDF offec V1S Reflstance frm MV (NDV

the angular
signal to map
plant
communities,
cf. Pinty et al.
2002° & many

others.

MIR Reflectance from MVC { NDVT
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Remote Sensing Approaches

e Kernel-driven and MPRYV BRDF model
inversions (both 3-parameter models)*

Geometric-optical models (GO) and derived
models; e.g. GORT, SGM, FLAIR

Empirical & derived measures: ANIX
(anisotropy index); NDAX (surrogate for
spectral variability of BRDF); Structural

Scattering Index (Gao ef al. 2003%); Clumping
Index (Chen et al., 2003°).

* discussed today.
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Current Work with MISR & MODIS

MISR Product: Level 1B2 Terrain Data
(MI1B2T) at 275 m: red for all cameras and all
bands for the An camera.

MODIS Product: MOD09 (nadir & off-nadir
surface reflectance estimates at 250 m).

Bounding coordinates:
-105.5 to -111.0 degrees W
31.2to 35.0 degrees N
Dates:
May 15 - June 15, 2002 (end of dry season).
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Current Work with MISR & MODIS

Screened surface bi-directional reflectance
estimates accumulated over a 9-day period.
Max. # observations possible for RED
wavelength =27 (9 x MODIS/Terra + 9 x
MISR and eventually + 9 from MODIS/Aqua).
...plus other MISR channels at nadir.

HDF-EOS MODIS Observations
(MOD09-- 250 m ISIN)

HDF-EOS MODIS Angles
(MODPTQKM -- 1,000 m ISIN)

HDF-EOS MODIS QC

(MODGST -- 1,000 m ISIN) GORT/SGM/ MRPV, Li-

other non- Ross, ANIX,

HDF-EOS MISR Observations linear model NDAX

(MI1B2T, includes QC -- 275 m )

QAZ=~rnnnE AR~

1

HDF-EOS MISR Angles Physical Structure (semi-)Empirical Surface Metrics
(GEOM -- 17,600 m) (FVC, radius/height, (1so, geo, vol; py.k,b; ANIX)
gap, fiPAR, LAI)

HDF-EOS MISR Cloud Mask e L
(RCCM -- 1,100 m) 1st level classification

(Community Types [on soils])
2nd level

classification
(condition)

HDF-EOS MISR Aerosols
(17,600 m)

BGC model --> C Pools
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MISR & MODIS: “‘9x9”’ Processing

: HDF ==> TOC reflectance for working region
HDE-EOS MODIS Observations (ISIN ==> UTM w/MODIS Reprojection Tool)
(MODO09-- 250 m ISIN)

HDF-EOS MODIS Angles Collate observatiQHS, angles, and screen
(MODPTQKM -- 1,000 m ISIN) by QC on an orbit (IDL)

HDF-EOS MODIS QC Accumulate observations from multiple
(MODGST -- 1,000 m ISIN) orbits (9 day cycles) (IDL)

HDF-EOS MISR Observations
(MLIB2T, includes QC - 275m ) HDF ==> TOA radiance, mask for

HDF-EOS MISR Cloud Mask 4 clou (IDL: SOM ==> UTM)

(RCCM -- 1,100 m)

Estimate surface reflectance from Combine
HDF-EOS MISR Aerosols TOA radiance (IDL/C/6S) MISR and
(17,600 m) MODIS data

for each 9-day

HDF-EOS MISR Angles Merge the observations from the 9 period

(GEOM -- 17,600 m) cameras for one orbit (IDL)
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MISR & MODIS: “9x9”’ Data- complementarity

Angular
sampling
in June
2002

(9 days)

* MISR
A MODIS

(Terra)
¥ Sun
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13039)
.

* 1f MISR
data are
missing,
the AOD
defaults to
~0.2

(~16 km
visibility)

MISE MEPY rhol image MISRE Aerosol Optical Depth @ 550nm (ROYGCBIV = 0.251 to 0.001)
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LiSparse-RossThin model kernel weights
e

MISR+MODIS iso @ MISR+MODIS geo @ MISR+MODIS vol
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LiSparse-RossThin model

Our work with MODIS
shows that we have
some further work to do
on cloud and cloud -
shadow screening.

Note that the artefacts
are only apparent in the
anisotropic kernel
welght images.
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Community Type Mapping

Jornada and Sevilleta Vegetation Maps were
used to collect “signatures” from these data:

1. An camera multi-spectral (blue, green, red, NIR)
. MRPV BRDF model parameters™

3. LiSparse-RossThin BRDF model parameters™

* Adjusted against MISR, MODIS and
MISR+MODIS BRF data sets.
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Community Type Mapping

Jornada Vegetation Map (Jornada LTER)

In 1998 aerial photography and field data were
combined to create a current vegetation map of

species composition and dominant species,
including major plant communities. Using 1996
aerial photos, up to four major dominant species
were estimated for each vegetation type.
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Community Type Mapping

Sevilleta NWR Vegetation Map (SNWR LTER)

The map includes 13 vegetation classes derived
from an unsupervised classification of 12 Landsat
TM 1mages (NDVI transtormed) collected in

various seasons over a seven year period from
1987. A plant classification at the association level
was developed from which the 1nitial 32 images
classes were combined 1nto the final 13 classes.
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MISR/MRPYV parameters
). ”

(bell or bowl)

MISR_MRPV 00, b,
k, Sevilleta National
Wildlife Refuge

0

=4 - .
T i I i 0. 0141252 0. 0627173
[
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MISR/MRPYV parameters
MISR/MRPYV b parameter: Sevilleta National Wildlife Refuge

meters
B0

Water or Wet Ground

Barren or Sparsely Yegetated

Great Basin Grasslands (Galleta and Indian Ricegrass Grasslands)

Transition Chihuahuan and Great Basin Grasslands (BElack Grama Grasslands with Galleta)
Chihuahuan Desert Grasslands (Black Grama Grasslands)

Trangition Chihuahuan and Plaing Grasslands (Black Grama Grasslands with Blue Grama)
Flains Grasslands (Blue Grama and Hairy Grama Grasslands)

Chihuahuan or Great Basin Lowland/Swale Grasslands (alkali or Giant Sacaton Grasslands)
Chihuahuan Desert Shrublands (Creosotebush Shrublands)

Great Basin Shrublands (Founving Salthush or Broom Dales)

Rocky Mountain Conifer Savanna (Oneseed Juniper Woodlands)

Rocky Mountain Conifer Woodlands (Pinyon Yoodlands)

Rio Grande Riparian “oodlands (Rio Grande Cottonwood and Salt Cedar Riparian Woodlands)

0.0141252 0. 062717

Breaks (N.B. colors are not matched but distributions are similar).
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b

Jornada Experimental

Range

9

00

MISR_MRPV
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Separability Analysis -- class pairs

Distance Measure: Transformed Divergence

1723 MODIS iso, geo, vol OTD<1000

Signature Nane 8| 9 | 10

sev_blackNhluegrama 520 697
sey_lueNhairygrama
sev_qalletaindian
sey_crensote W
sev_crensote_E
sey_sathushhlalea
sey_Creogramani
58y _haren
sey_hlackgrama
sev_flackoramahlalleta
Jer_athershnibs
Jer_buttagrass
Jer_tobosa
jer_transttion
Jer_creoste
Jer_blackgrama
Jer_sporobalis
Jer_tarush
jer_mesquitedunes
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Separability Analysis -- class pairs

Distance Measure: Transformed Divergence

1867 MISR iso, geo, vol OTD<1000

aignature Name

sey_lackhbluegrama
sey_blueNhairygrana
sey_galletaNindian
sey_crasote W
Sey_crensote E
sey_sathushitldalea
S6Y_CIeqraman
SBY_hamen
Sey_blackgrama
sey_lackgramanlyalleta
Jer_athershrubs
JBr_hurroirass
jer_tobosa
Jer_transition
Jer_crepsote
Jer_blackgrama
jer_sporobolis
Jer_tarush
Jer_Mesautedunes
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Separability Analysis -- class pairs
Distance Measure: Transformed Diveryence
Using Layers:123 .
T st 1839 MISR+MODIS iso, geo, vol ~ (O)TD<1000
dest Average Separability: 1833.1
Combifiiom:

Signatur Name 5 | 6 i 9

sev_hlackNblueqrama
sey_lueNhairygrama
sey_gjalletanindian
sey_cteosote_W
sey_crensole E
sey_sathushidalea
6 _CIBO0ramanls
SBY_haren
sey_blackgrama
sev_flackyramanyalleta
Jer_othershrbs
Jer_hurrograss
jer_tobosa
Jer_transition
Jer_crensote
Jer_tlackgrana
Jer_sporokalis
Jer_tarbush
Jer_mestuitedunes

January 11, 2005 LCLUC Science Team Meeting: C Pools from EOS MISR & MODIS




o )}’ 1) A e ‘ ) C

Distance Measure: Transformed Divergence
Using Layers: 123

prrsmr—— 1744 MISR MRPV OTD<1000
pst Average Separability: 1743.11
Combina
Signature Name 1 ! ] 4 ] f 1 i ! 10 I | 12 13 14 15 16 17 1 13 \
sey_lackNblvegrama 1 O T N 5 I O e N 7 N B | N O 1 v R 1 e 1 N 1 I TR ™ R 1
sey_hlueNharygrama  2|] 1975 0 1831 136 2000) 1261 1998  1@G2|  1739)  1%60) 2000 2000\ 2000 o zooof  2000[ o z000f 2000 Zooof 2000
sey_galelaNindian 3] 1723 18 O OR3) 1933) 457 17M 1%33) 1983 1ZBB| 20000  Z000) 14|  Z000) 2000p  Z000) o 2000) 2000|2000
sev_creosote W 4| TBZ3) 1338 A9 0 20000 1003 1BS0 1S4l 19B0)  1SAT) 2000 2000)  19%6) 20000 20000 2000 Z00m  2000) 2000
sey Creosote B &)l TR0 2000 2000 0 20000 1976)  19%1) 2000) 1003 2000)  Z000) 1974 1998 20000 Zo0o) o 2000) 2000|2000
sy satbushiNdalea G| 1483 1260 457) ) 1003 2000 0 188 1T 197y d7s) 20000 2000) 1e7O)  1389) 2000 2000 Z00m 2000) 1O
sey_creogramamix 7| 1957 1996 1850) 1976 1840 0 18000 1T4) 7820000 2000 2000)  Z000) o 2000)  Zo00) o 2000p 2000 2000
L O YA N 5/ R 231 N [ N CA ) B 1 0 1860 1543 20000 2000)  Zooo) o 2000) 2000y 2000 Z00m 2000) 2000
sey_plackgrama El\ L5 N N 1 111 A 4 WA | I i 0 1313 2000, 2000 2000p  Z000) 2000)  Zo0o) o 2000) 2000 2000
sey_lackgramangalleta 10\ G930 ) 1960 1268  veE7)  009) w7l 1079 TEddp 19g 0 1998 t602)  veTE|  1978) 1984 1348 1986 1321 1966
Jer_othershrubs H\ 20000 2000( 2000  Zooo,  2000[ o zoo0f 2000 Zooof 1% I T Y112 11 N . - 4 N A - | B

a0z 1336 1] N - N R T T R 1 R it
1 I YL | i 11 i 11 % S 4 A i

Jer_furrograss 12‘ /ﬁﬂ'f‘\ 20000 20000  Z2000f 2000 2000f 2000[ o 2000p 2000

Jer_tohosa 13‘! i ’2000 19| 193] 1%4] %) 2000 20000 2000
Jer_transition 14‘ 20000 20000 Z000f 1%%8|  1933)  2000[ 2000p 2000 Ll et N 1 A N i 1 R

1
1
1
1
0 2000 2000)  2000) 2000) 2000) o 2000) o 2o00) o 2000)
1
1
1
1

Jer_creosote 15\ 1 G54 200087 TLOM 1813 190
jer_blackgrama 1Ei\ 1688 2000) 20000 2000} 2000 2000) 2000) 2000 Z000] 1% 1932 1310 1620
Jer_sparobalis 1?\ 665 oo cono| como| cooo| ooon| oon| amon| omon|  fsad| tsmd| bRl 163 1565
jer_tarbush 1&\ 174 2000 20000 Z000)  2000[  2000[  Z000[ - Z000[  Z000) 182 ) 136 1753
Jer_mesquitedunes 19\ 1687) 2000) 20000 2000} 2000  1934] 2000) 20000 2000 19BR|N 2 110 0

00 0 O R & OD 0



Separability Analysis -- class pairs
Distance Measure: Transformed Divergence
Usi Laye:1 ] 1 624
Btﬂe Separability: 1624.2 MODIS MRPV OTD<1000
CombIfz

ifhature Name

sey_blackNbluegrama
sey_tlueNhairyorama
sey_galletanindian
sev_crensote_W
sev_crensote E
sey_safthushidalea
SBY_Creagramany
SeY_barren
sey_tlackgrama
sey_tlackiramanyalleta
Jer_athershrubs
jer_burrograss
Jer_tobasa
Jex_transtion
Jer_Creosote
Jer_blackgrama
Jer_sporobolis
Jer_tarbuish
[er_meseutedunes
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Separability Analysis -- class pairs

Distance Measure: Transformed Divergence

1653 MODIS+MISR MRPV (OTD<1000

Signature Name

sey_lackNblueqrama
sev_blueNhairygrama
sey_talletalindian
sev_crensote W

sy _creosote E
seb_sathushitdalea
SBY_CIROramanis
sey_haren
sey_blackgrama
sey_tlackgramanpaleta
Jer_othershrubs
Jer_buanrass
Jer_tobosa
Jer_transition
jer_creasote
Jer_lackyrama
Jer_sparahalis
Jer_farhush
Jer_mesuitedunes
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Separability Analysis -- class pairs
Distance Measure: Transformed Divergence

Usinig Layers: 1234567 1973
i MISR MRPV_+ANpcanr OTD<1000

Best Average Separability: 1973.34
CDITI AU .

Signature Name 4 ] i I i i 10 I 12 13 14

sey_blackMbluegrama 0 2000 2000 2000 2000|2001 2000  YEGG| 2000 2000 1333 2000
sey_lueNhairygrama | 1934 2000 2000 2000 Z000) o 2000f 2000[ 1933  2000) 2000 2000( 2000
s _alletaNindian | 2000 0111 11 111 R I . 11111 1 11
sey_Crensote_W 2000 111 11 1 111 111 11 111 1 11
sey_crensote E | 2000 2000 111 11 111 111 11 111 1
sey_salthushiNdalea | 2000 2000 2000 L 1 O e R 1 e 11 111 O 1]

SeY_Crengramanis | 2000 1990) 2000 1970 0 2000 1897 1998) 2000 1%%9)  Z000f 2000
seY_aren | 2000 20000 2000) 1986 2000 0 134 2000 2000  Z000)  Zooop oo

ey _blackgrana 2000 1994 2000 1976  1adT 13M 1 11 11 11 11
sev_tlackyramanyalleta 1666 20000 2000 1935 1338|2000 139 0 2000 z000)  Zooop ;oo
Jer_othershrbs 2000 20000 2000f 2000 o 2000( o 2o00) o co00) o Zono 0 2000 2000  1G3
jer_burrgrass 2000 2000 zoooj - 2000p 1933 coo0f oo o cooof 2000 0 143 2000
Jer_tohosa 1393 1111 .11 1111 111 11| R P 0 200
Jer_transition 2000 111 111 11111 11 . A 111 11 I
jer_Crenste 2000 2000 - zo0of 2000 2000) 2000 2000[ o Z0OOf o 2000)  TveR a4 2000
Jer_blackgrama 2000 2000 2000 2000 2000) 2000 o 2000p o Z0OOf o 2000) 20oD 1333 2000
Jer_sporabols 2000 20000 2000 o 2000p o 2000) o 2oo0; o zO00; ZOOO 2000 1333 13B4) 2000
Jer_tarhush 1398 20000 2000 2000) o 2000) o eoo0p o zOo0p o ZOO0 2000 1bdT) 1343 2000
Jer_Mesiuitedunes 2000 20000 2000 2000) o 2000) o 2oo0p o zoo0p o ZOO0  Mbd7 2000 2000 173
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Separability Analysis -- class pairs
Distance Measure: Transformed Divertjence
Using Layers: 1234 1932
Tt MISR AN (R, G, B, NIR) (OTD<1000

Best Average Separabiity: 1931.71

Signature Nane $ 5 | 8|7

sey_blackNoluegrama 1
sey_tluenhairygrama
sey_galletaindian
sev_crensote_W
sey_crensnte_E
sey_salthushildalea
eY_Creogramani
seY_haren
sev_tlackgrama
sey_hlackgramanlyalleta
Jer_athershrubs
Jer_burrograss
Jer_tobosa
Jer_transition
Jer_Crensate
Jer_blackgrama
Jer_sparabols
Jer_tarbush
Jer_mescutedunes
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Separability Analysis Summary (RED BAND ONLY)
Data Set Mean TD®  # TD<1000

I

MISR MRPV._+ANp ek 1973

-

MISR AN (R, G, B, NIR) 1932

~

MISR 1so0, geo, vol 1867

MISR+MODIS iso, geo, vol 1839
MISR MRPV 1744 13
MODIS iso, geo, vol 1723 13

MODIS+MISR MRPV 1653 17
MODIS MRPV 1624 29

* transformed divergence
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— jer_blackgrama
LiSparse-RossThin Anisotropic Kernel Weights (MISR) —— jer_burrograss
—— jer_transition
jer_sporobaolis
jer_tobosa
— jer_othershrubs
jer_tarbush
—— jer_creosote
—— jer_mesquite_dunes
—sev_creosote_W
—sev_creosote_E
— sev_blueNhairy
sev_4wingNdalea
sev_blackNgalleta
——sev_blackgrama
sev_barren
—— 5ev_Qgrasscreomix
——sev_blackNblue
—— sev_GalletaNIndian
+ jer_blackgrama
sev_creosote_W
sev_blueNhairy
. . | jer_mesquite_dunes
0.03 0.04 0.05 + sev_creosote_E
MISR_vol +  jer_creosote
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— jer_blackgrama
MISR An Camera Red and NIR BRFs . g

— jer_burrograss

—— jer_transition
jer_sporobolis
jer_tobosa

— jer_othershrubs

— jer_tarbush

—— jer_creosote

— jer_mesquite_dunes

— sev_creosote_W

— sev_creosote_E

[T
[
(]
o
—
2I
5
7]
—t
=

— sev_blueNhairy
— sev_4wingNdalea
—— sev_blackNgalleta
—— sev_blackgrama
—— sev_barren

—— sév_grasscreomix

' —— sev_blackNblue
0.25 0.35

MISR_An_RED BRF —— sev_GalletaNIndian
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: . . . . — jer_blackgrama
LiSparse-RossThin Anisotropic Kernel Weights (MODIS) _
— jer_burrograss

0.09 — jer_transition

jer r li
0.08 jer_sporobolis
jer_tobosa

0.07 - — jer_othershrubs

— jer_tarbush
006 —— jer_creosote

— jer_mesquite_dunes
0.05 - J q

—— sev_creosote_W

0.04 - - AL —— sev_creosote_E

— sev_blueNhairy
" — sev_4wingNdalea
0.02 - — sev_bhlackNgalleta
— sev_bhlackgrama
0.01 1 ——sev_barren

—— sev_grasscreomix

0-00 T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
MODIS_vol — sev_QGalletaNIndian

—— sev_blackNblue
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LiSparse-RossThin Anisotropic Kernel Weights (MISR+MODIS) — jer_blackgrama

— jer_burrograss

0.09 —— jer_transition
jer_sporoholis
0.08 -
jer_tobosa

0.07 - —— jer_othershrubs

— jer_tarbush

0.06 1 o —— jer_creosote

— jer_mesquite_dunes
0.05 -
—— sev_creosote_W

0.04 - .. X —— sev_creosote_E

o]
g
n
—t
(]
]
2
7]
(=
=

_ —— sev_blueNhairy
0.03 - ' Soe — sev_4wingNdalea
B —— sev_blackNgalleta
0.02 -
— sev_blackgrama
0.01 4 —— sev_barren

—— sev_grasscreomix
0.00 . ' ' ' — sev_blackNblue

0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04
MISR_MODIS_vol — sev_GalletaNIndian
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— jer_blackgrama

LiSparse-RossThin Anisotropic Kernel Weights (MISR)

— jer_burrograss

——— jer_transition
jer_sporobolis
jer_tobosa

—— jer_othershrubs

— jer_tarbush

—— jer_creosote

— jer_mesquite_dunes

——sev_creosote_W

——sev_creosote_E

— sev_blueNhairy

— sev_4wingNdalea

— sev_blackNgalleta

— sev_blackgrama

——sev_barren

—— Sev_grasscreomix

0.02 T T T T T T T T - SEV_bIaCthIUE
0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05

MISR_vol

— sev_QGalletaNIndian
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- jer_blackgrama

x jer_burrograss

- jer_transition
jer_sporobolis
jer_tobosa

+ jer_othershrubs

- jer_tarbush

+ jer_creosote

- jer_mesquite_dunes

+ sev_creosote_W

fin]
&
[
=
a4
wn
—
=

sev_creosote_E
sev_blueNhairy
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Contingency tests

The separability and PDF results are
confirmed in contingency tests

(classifications of the training sites)

--maximum likelihood

--no prior probabilities

--angular signatures via red band only
-- spectral data (MISR R, G, B, NIR)
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Contingency tests
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Contingency tests
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Contingency tests

Contingency:
MISR (iso-geo-vol,
red band)
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Contingency tests
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CONCLUSIONS

Multiangle data from MISR and MODIS show
potential for improving community type mapping. The
improvements obtained are not as important as
expected. This may be related to 1. the lack of variation
in the solar zenith angle; 2. inadequate atmospheric
correction at 70°VMIISR view angles; and/or 3. cloud
contamination in the daily MODIS data. We will review
our processing and the Li-Ross and MRPYV approaches
while also investigating other methods which may be

less sensitive to the angular sampling (GO modeling)
and multiangle metrics (SSI, clumping index, ANIX).
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Plans for Work in Immediate Future

 Incorporate NIR band data (MODIS) and model

parameters.
] Investigate different combinations of MISR views.

] Improve screening for cloud and cloud shadow.

d Check atmospheric correction especially for the

extreme MISR D camera views.

1 Check signature distributions for normality and
modify the set of classes accordingly.
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Plans for Work in Medium Term

d Extend temporal sampling to the end of the wet
season -- we expect this to produce better results.

 Investigate other multiangle metrics (SSI, ANIX...)

] Investigate other classification methods (SVMs).

[ Incorporate soil information.

1 Investigate other modeling methods (GO models;
this requires e.g., that we address the background
problem for GO modeling in desert grasslands).
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