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@ JERS-1 Global Forest Mapping
(JAXA + JPL + JRC + ASF)

First coverage was acquired during January-March 1996
Second during October - November 1996
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Wetlands mapping in Siberia by classification of
the GBFM radar mosaic using backscatter and
terrain topographic features

Jan Kropacek, Gianfranco De Grandi,

Joint Research Centre,
Institute for Environment and Sustainability,
Ispra, Italy.
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GBFM Siberia Mosaic

Global Boreal Forest Mapping Project (JAXA)
JERS-1
data acquired in years 1997-8
400 SAR strip-images
L-band SAR
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Institute for

E i Ground information from our Russian partners

* Field botanical survey

* Localized ground photographs

e Landsat scene classifications

| PE | Relevies | Author| Date_ | Landunit |
0 2293-2296 ED 26/08/1398 | Minerotrophic birch shrubs with sparse birch-p
0 2291-2292 ED 26/08/1998 Mineratraphic birch shrubs with sparse birch-p
0 2285-2290 ED 26/08/1398 | Oligotrophic zedge-5phaghum fen
1|2286 ED 2E/08/1998 Ryam
4| 2284-2285 ED 2E/08/1998 Ridge-hollow complex
o ar ED 21/08/1398 | Oligotrophic zedge-5phaghum fen
0 2138-2190 ED 21/08/1998 Oligatrophic sedge-Sphagnum fen
0219 ED 21/08/1998 | Minerotrophic sedge brown moss fen
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Documentation of visited sites:

Ground photogsaphs
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Radar Backscatter and Biomass
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Figure from A.K. Milne et al. “The Use of Airsar Data for Assessing
20 the Potential of Future Spaceborne Sar for Regional Estimation of
Woodland Biomass in Australia “ , ACRS 2000.
0 Dobson M.C., Ulaby F.T., Le Toan T., Beaudoin A., Kasischke E.S.,
Christensen N., Dependence of Radar Backscatter on Coniferous Forest
C L P Biomass. IEEE Transactions on Geoscience and Remote Sensing, Vol. 30 (2),

March, pp. 412-415, 1992.
BAND

62% at P, 37% at L and 25% at C . Biomes occupying 38% (81% of mass) of
Earth's vegetated surface have biomass>100t/ha (Imhoff, TGARS, V33,n02, 1995)

Improve sensivity range at L-band with texture and structure knowledge (Wang et
al, TGARS, 2006, Quinones and Hoeakman, TGARSS 2006, Kasischke et al. 1995)




C-band Radar

@ C-band polarimetric for crop classification
(80%: Stankiewicz, TGARS 2006) and land
cover specific soil moisture with < 15% error
(Loew et al, 2006 at DLR) and low biomass
wetland water level (Grings et al. , TGARS
2006)

® C-band ratio VV/HH (r2=0.8) to estimate LAI
in boreal forest (Manninen et al., TGARS,
2005).
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Radar Interferometry
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along track pixel

M X-Band Magnitude
P-Band Magnitude

M Estimated Tree Height

SLICER data

range pixel




Extracting Vegetation Height Estimates NASA
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BeoSAR Swath: 10km
L-, C-, and X-band all penetrate into the canopy about the same distance. P-

band phase center is at the canopy base
HGT on slicer track 506 top(green) and grnd({black) heights
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Extracting Vegetation Height Estimates NS
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Pilot Phase Mapping Zones:
Results

w Pilot Mapping Zones




3 Pilot Studies for SRTM Height
Retrieval: Georgia

Kellndorfer, .M., W.S. Walker

and L.E. Pierce, M.C Dobson, J.

Fites, C. Hunsaker, J. Vona, M.
Buan = 1.261 * e + 5778 Clutter, "Vegetation height

Adjusted ?=0.86,n=12

derivation from Shuttle Radar

Topography Mission and

National Elevation data sets."

x  Samples Averaged >= 50 Remote SenSing of

o Samples Averaged = 20 Environment, Vol. 93, No. 3,
Samples Averaged >= 50 339-358, 2004.

= = = Samples Averaged >= 20

Mean Observed Stand Height [m]

8.0 10.0 12.0 14.0
SRTM Scattering Phase Center Height [m]




National Biomass & Carbon

Mapping Zone

16
47
53
55
60

(n=293/102)
(n=359/124)
(n=544/190)
(n=767/380)

(n=271/100)

Forest Height and Biomass
Validation with FIA Data

Results: Basal-Area Weighted Height

Basal-Area Weighted Height (BAWHT; m)

RMSE,

Eastern U.S. Combined Results: Height

Predicted Heighi [m]

FIA Measured BA Weigted Height [m]

Results: Aboveground Live Dry Biomass

Aboveground Live Dry Biomass
(ALDB; kg/m?2)

Mapping Zone

Eastern U.S. Combined Resultgg-_}}uiomass

FIA Measured Biomass [kg'm2]



Results: Example Map Products

National Biomass & Carbon

Mapping Zone 53:

Mapping Zone 16:
Predicted Basal-Area Weighted Height

Aboveground Live Dry Biomass

Kentucky

Virginia

[ state Boundary 3 - ’ . [ state Boundary
Predicted Height

Predicted Biomass
meters

Y E it kgl/pixel
North Carolina - High : 28.7 f ol ¥ - High : 18920
Tennessee s
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Miss-match between the mosaic and the DEM

Siberia Mosaic SRTM

i ite for Environment and Sustainability Q@ VAV
Corarean CENIRE Global Vegetation Monitoring Unit AVIA




Institute for

pon s, o Result of the co-registration and corrections

Original radar image

Simulation image based on
DEM

Radar image - accurately
co-registered with DEM

Radiometric effect of
topography removed

Geometric effect of
topography removed
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Digital Elevation Model used

#

{ ’
wg i
_,J#‘H. 4 P
] E 4 jl. 3 k
4 L
i

B

AL TR

L

Y |

; 4 T4
.f #y

. @

g

nment and Sustainability mn
ation Monitoring Unit - (VA

*
EUROPEAN COMMISSION




?
hats Out There Now
Wha



ENVISAT ASAR (2002-)

Repeat 35days, full coverage 1 to 3 days.

Image
Mode (IM)

VV or HH polarisation images from any of 7 selectable swaths. Swath width between approximately
56 and 100 km (swath 1) across-track. Spatial resolution of approximately 30 km (swath 7) and 100
km (swath 1) across-track. Spatial resolution of approximately 30 m (for precision product).

Alternating
Polarisation
Mode (AP)

Two co-registered images per acquisition, from any of 7 selectable swaths. HH/VV, HH/HV, or VV/VH
polarisation pairs possible. Spatial resolution of approximately 30 m (for precision product).

Wide Swath
Mode (WS)

400 km by 400 km wide swath image. Spatial resolution of approximately 150 m by 150 m
for nominal product. VV or HH polarisation

Global
Monitoring
Mode (GM)

Spatial resolution of approximately 1000 m in azimuth by 1000 m in range for nominal
product. Up to a full orbit of coverage. HH or VV polarisation.

Revisit time

No Constraints 5 (0°) 7(45°) 11(60°) 16(70°)

ol here are three ways to apply for Category 1 use data, depending on the type of data requested.

oA simple Registration is all that is required for data that are systematically acquired, generated and
disseminated on line..

oVia a Proposal - When the data requirements are subject to specific acquisitions or dissemination
constraints.

oVia an ESA Announcements of Opportunity (AO) - When the data fall into the specific subject
covered by the AO.

asApplications for Category 1 use data can be submitted directly to ESA, using the Earth
Observation Principal Investigator (EOPI) web interface or by contacting EOPl@esa.int

shttp://eopi.esa.int/esa/esa?cmd=submission&aoname=cat1




RADARSAT

® Radarsat 1 C-HH (since 1995)

@ Radarsat 2 Summer 2007 (+7years)

@ repeat 24 days

@ C-band HH, HV, VH, VV

Fine 50 km 8x8m 30° - 50° HH+HV or VH +VV
Standard 100 km 25 x26 m 20° - 49° HH+HV or VH +VV
Wide 150 km 30x26 m 20° - 45° HH+HV or VH +VV
ScanSAR Narrow |300 km 50 x 50 m 20° - 46° HH+HV or VH +VV
ScanSAR Wide 500 km 100 x 100 m 20° - 49° HH+HV or VH +VV
Extended Low 170 km 40 x 26 m 10F =23° HH

Extended High 75 km 18 x26 m 49° - 60° HH

Fine Quad-pol 25 km 12x8m 20° - 41° HH+VV+HV+VH
Standard Quad-pol |25 km 25x8m 20° - 41° HH+VV+HV+VH
Ultra-Fine 20 km 3x3m 30° - 40° (HH) or (HV) or
Multi-Look Fine 50 km 8x8m 30° - 50° (HH) or (HV) or




ALOS PALSAR JAN 2006-

@ 3 instruments:

® pR I SM The Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) is a
panchromatic radiometer with 2.5m spatial resolution at nadir. 35 or 70km.

® AVN IR- 2 The Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) is a

visible and near infrared radiometer for observing land and coastal zones. 4bands 0.42 to 0.89 um. 10
m resolution.

o pA L SAR The Phased Array type L-band Synthetic Aperture Radar (PALSAR) is an active
microwave sensor using L-band frequency

. HH or VV 7 to 44m
Al HH+HV or VV+VH 8 to 88m 0 70km
ScanSar HH or VV 100m (multilook) 250 to 350km
il HH+HV+VH+VV 24 to 89m 20 to 65km
(experimental)

Revisit Time: 2 days
Equator 60% coverage/day
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@ Figure by Bruce chapman (JPL)
@ courtesy JAXA/ASF >




Radar
The Tool to Map Deforestation

October 1996 (JERS-1)
From JAXA website




Amazon Radar Deforestation Assessment
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—Mangrove ecosystems are among the most

productive on Earth, contributing 11% of global LMITED

total C export to the ocean;

--- Already 35% of mangrove forests have
disappeared and 60% could be lost by 2030;
—The estimated economical value varies
between $200 000 to $900 000 per km2 (UN
report 2006);

—They act as a protection of shoreline against
topical storms, hurricanes, storm surges and,,
Tsunamis;
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Why Mangroves?

PRSI A B, GOt ST Prrmr Gy TN T S K Pty 5o I A St IR ms e s PV stk M OV o e i i Do RS

B - @® Forests Mangroves
o Biodiversity g

o Habitats of 1300 species of animals
o 628 mammals, birds, reptiles, fish and amphibians

o Among the most productive ecosystems on earth

o 170k km? with mean 2.5g C m per day
@® Mangrove Sediment

Recycled
Y y/ @® Export ot Ocean
nual input into ocean 46X10'2 g C

o Contributing 11% of global total export to ocean
o Annual accumulation of carbon in modern sediments 23X10"12g C yr!

o Contributing 15% of carbon accumulation in modern sediments.

Jet Propulsion Laboratory
California Institute of Technology




Mangroves Are Endangered

MWMMMM o & ety i’ P hw i o Sy, N i, PR, gt el

o Endangered by Urbanization, exploitation and sea level rise

o Already 35% of mangrove forests have disappeared and 60% could be lost
by 2030;

o The estimated economical value varies between $200k to $900k per km?2 per
year (UNEP report 2006);

o They act as a protection of shoreline against topical storms, hurricanes and
Tsunamis







Mean Tree Height
Lidar vs SRTM

I T b Biain Tt RSN P DAY Pty =100 e ST IR s o WV abman B M e e i i g el

i = A
LIDAR vs SRTM o HIl =-3.9+1.56Hsrm- 0.22Hsrm"2
All LIDAR Transects

o Hi=-2.19+1.12Hsm

o 2m error per pixel (30m)

h

SRR between 400 and 900 lidar
N SR B | pulses per SRTM pixel.

- Filtered SRTM Elevation
— Quadratic Regression SRTM
Quadratic Regression (Filtered)

= = Linear Regression
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Linear Regression (Oliered)

10 15 20
SRTM Elevation (m)
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Mapping Mangrove Forest Height in the Everglades National
Park (ENP) Using SRTM

81°30'W 81°15'W ° 80°45'W 80°30'W

Mangrove Height (m)

81°30'W 81°15'W 81°W 80°45'W 80°30'W

Figure 1: Map of mean mangrove tree height using SRTM data with 30m spatial

: resolution for the ENP (south Florida). Height was calibrated / validated with airborne
:LIDAR and USGS DEM and has a 2m estimation error. Most tall trees are found at the
mouth of the Shark River (zoom)

—Already 35% of mangrove forests have disappeared and
60% could be lost by 2030;

—The estimated economical value varies between $200 000
to $900 000 per km? (UN report 2006);

—They act as a protection of shoreline against topical
storms, hurricanes and Tsunamis;

—The U.S. government has allocated 7.8 billion dollars for
restoring the ecosystems of the Everglades (CERF, 2000).
In order to document the impact and success of the
Everglades restoration project, the current spatial distribution
and productivity of mangrove forests in the region must be
recorded to establish a baseline for future comparisons.

N . =
; :
B = '
.7 e o 33 76 114 km

Figure 2: The ENP is located on the southern tip
of South Florida(red). Mangrove forests occupy
150 thousand ha within ENP.

Marc Simard et al., “Mapping Height and Biomass of Mangrove Forests in Everglades National Park with SRTM Elevation Data”,
Photogrammetric Engineering and Remote Sensing, SRTM special issue, April 2006




Field data:

Tree and Forest Structure, Product1v1tv
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Mapping Biomass of Mangrove Forest in the Everglades
National Park (ENP) using SRTM

81°30'W 81°15'W 80°45'W 80°30'W

Distribution of Height and Biomass
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10 12
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: Figure 3: Biomass Map built using SRTM mean tree height estimate and biomass- Figure 4: Area coverage (black, left scale) and total biomass

. height regression obtained from field data. We estimated the total biomass (red, right scale) as a function of mean tree height. Most

¢ contained in Mangrove Forest of the ENP to 5.6Mt. biomass ENP is contained in mid-size mangroves although
scrub mangroves dominate in coverage

Marc Simard et al., “Mapping Height and Biomass of Mangrove Forests in Everglades National Park
with SRTM Elevation Data”, Photogrammetric Engineering and Remote Sensing, SRTM special
issue, April 2006




Tree Height (m)

Unclassified
ouT

[l Mangrove Fringe
| Maniroves

- Black Mangroves
BMDead Mangroves
M Canals
"IDense Vegetation
" Agriculture
Grassland
HUrban
Grassland
B Wetland
B Wetland forest
" Mangrove (red)
"/Dead mangroves



ICEsat/GLAS

Geoscience Laser Altimeter System

@ 172m spacing

@ 64m footprint




Canopy Structure with
LIDAR Waveform

ICEsat/GLAS vs Airborne Simulated Waveform

— Airborne Simulated
— ICEsat/GLAS

Y WM

940 260 280 300 320 340 360 380 400 420 440 460
Height (total 40 m per waveform)




San Juan River, Venezuela
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Comparison SRTM C and X band

Canopy Height Estimation
Field vs SRTM X and C-bands

@® SRTM C-band
B SRTM X-band
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Back to Florida with
Productivity Modeling

NS



Modeled (FORMAN) Basal Area

’ Rivera-Monroy, Simard, Twilley (Louisiana SU)
st | w% = / Z::::;:;_ e il
Fan E 4 i i
VA

Temporal Scale

Total Basal Area. (mi2iha), Duration=100

00

o 100 year simulations

2000

o
2500 R a [

o Specie and Light Competition 200
o Nutrient Availability from field and SRTM
o Salinity from field

o 2208gCm2y-1

3000




Mozambique

Fatoyinbo et al., AGU fall meeting 2006

@ &
0}
O
|-
=
©
0}
=




Hurmc ane impact
Two Category 1 hurricanes

Katrina august 25th, 2005
Wllma October 24th, 2005
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Hurricane Wilma - October 24, 2005 10:30 UTC

SRS-1ab SRS-1c
. L] 25°45'

Surface wind speed (mph)

I o-10 [ ]s0-70
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I 20 - 40 [ 90 - 100

[ 40 - 50 [ 100 - 110

[ 150-60 [N 110 - 120

® FCELTER Sites

Map projection: UTM, Zone 17

Map datum: WGS 1984

Map created by Mike Rugge, -

FCE LTER Program 24°45
-81°30" -81°15' -81°0" -80°45' -80°30 -80°15'

H*Wind Surface Analysis shapefie data sets were provided by the Hurricane Research Division (HRD) of NOAA's Atlantic Oceanographic and

Metecrological Laboratory (htipzwww.aoml.noaa.gowhrd).  The Wind Analyses data used to produce this map are for research purposes

only. These are experimental products created by NOAA's Hurricane Research Division. For official National Weather Senvice products go to

The National Hurricane Center website (http'www.nhc.noaa.govl). Any uses of these data are subject to the provisions of HRD's Data Policy

(http:/fwww.aoml.noaa gowhrd/data htmi) and by using these data the user agrees to this policy.

The FCE LTER program performed an IDW interpolation on the ariginal wind analyses data described above to create this map.




Fleld Surveys

| November Oo-January 06

Transect Mortahty Orientation

Broad River

o 11% 100%

Harney River

12-15m L e

Shark River

Sl N 007

-

Tree sizes already increases from North to
- South Due to Hurricane Andrew in 1992




Depos1tion (S, |

@The general composition is:
calcareous material-low in organic matter and high in Phosphorus.

“Sediment layer deposited by Hurricane Wilma in riverine forests
in Shark River (SRS-6): Average layer depth is 4 cm.

CImplications regarding sea level rise:

YHurricanes can have both short and long-term detrimental effects on mangrove
productivity help maintain a high relative elevation of mangrove soils.

- “Hurricane Wilma (October 24, 2005) deposited approximately 3-4 em of mineral sediment
on top of mangrove soils along the western region of south Florida up to 1-2 km inland.

“Mean accretion rates estimates for Shark River: 6.7 = 0.6 mm yr-1 (Whelan et al. 2005) sea
level rise for South Florida: 3 mm year-1 (Wanless etal. 1994) -> offset seal level for at
least a decade

@Dead wood contributes to formation of soil and potential material to maintain high
accretion rates on the long term.
















What's next?

@ Build a Catalog of Lidar Waveform to
Calibrate SRTM

® Map Entire Caribbean Coast in 3D and Use
ALOS to Estimate Biomass

@ Study Impact of Hurricanes and Storm Surge
Inland.




