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Objectives of the talk:

- Space LiDARs — capabilities and limitations.

- Accuracy and precision of state, provincial,
and continental scale estimates of biomass/carbon.

- Upcoming space lidar missions.



What can satellite lidars do?

- Measure vegetation height, height variability, canopy density, all of
which characterize the vertical vegetation profile,

- Estimate (not measure) vegetation biomass (and carbon), volume, &
basal area using predictive models, e.9., byoyng = f(ht, den)gpace tidar -

- “Systematically” sample the Earth’s surface.




What can’t satellite lidars do? What are the limits?

CANNOT:

- Map land cover (must depend on ancillary, e.g., optical satellite, land
cover maps, e.g., SPOT, Landsat, MODIS).

- Penetrate clouds.

- Provide a wall-to-wall map the Earth’s surface — profilers are samplers.
- Measure tree diameter, stem counts (?can infer diameter distribution?),
- Accurately measure short, sparse vegetation.

- Identify, delineate, and estimate biomass loss in degraded forest.

- Point at and measure existing ground plots, e.g., Norway NFI, US FIA.

pointing knowledge: GLAS: 15m, 1o, ICESat-2, GEDI: ~5m, lo
pointing control: GLAS: none, ICESat-2, GEDI: ~50m, 1o




Space Assets: -ICESat 1/GLAS: 2003 - 2009,
1.91 billion waveforms

- US space lidars, 2018 — ICESat-2, GEDI

- Profilers, sampling tools.
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Tying space lidar to ground:
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Accuracy and Precision — ground versus GLAS,
regional/continental surveys:

1. Southern Quebec — 582,535 km?

2. Continental United States (CONUS) - 8,080,464 km?
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Southern Quebec (2005):

e Landsat cover type (wetlands, conifer, hardwood, mixedwood, burn):
ground-GLAS means differed by 7 - 25% (biomass densities ~60-80 t/ha)
SEs comparable, 0.5 -6.0 t/ha

eregional: ground: 81.90 * 0.50 t/ha (16,814 ground plots)

g o

GLAS: 75.93*3.03t/ha (44,169 pulses, 97 orbits)
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Continental US:
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State estimates of biomass density (t/ha) - CONUS

AGB-GLAS (mt/ha) - linear
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Across all states, GLAS overestimates FIA biomass density by 12.8%




Estimates of total biomass, millions of tons, by state
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Across entire US, GLAS overestimates FIA total dry biomass by 2.5%:

GLAS: 2476 ¥ 0.51 Gt (235,059 GLAS pulses, 230 orbits)
FIA: 24.17 £ 0.06 Gt ( ~114,000 ground plots)



GEDI - Global Ecosystem Dynamics Investigation

JEM RMS
JEM External Facility




Digital Bins
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GEDI: Waveform system (like GLAS):

3 lasers COVERAGE - COVERAGE
7 beams

14 ground tracks LASER LASER
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- 25 m footprint, 60 m between footprints alongtrack (240 hz).
- Equatorial orbit, £ 52Alatitude, precessing, pointable.
Launch: late 2017 or 2018
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|ICESat-2 - orbit:

- 496 km near-polar orbit,

91 day repeat
- 929 inclination, + 88° N/S

~ 180 days - dawn / dusk
~ 180 days - day / night

- equatorial crossing dist: 29.6 km

e With ®ocuBBe6sk

e Wi {pdinting, f1.6° max.,
¢ 1.2 km afte




ICESat-2: Instrument

-10 000 pulses/sec,
1.5 ns pulse

- 2 beam strengths:
100, 25 ud

- 40m illuminated area,
14m IFOV

- green A: 0.532 um 10 pulses, 14 m diameter shots, 70 cm post

(detector-limited) (Baobob forest, Madagascar)

- effective detector dead
time: 2.5 ns (~40 cm) orbital
[ direction
-pointing knowledge: specs: 6 m, 10

expected: 3.6m, 10



SERC — mid-Atlantic
deciduous trees,
25-35m, closed cano




Eastern gate to Nehanni National Park, NWT, Canada
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Accuracy Assessment: Quebec Southern Ecozones - Regional Estimates:

MNRO Ground Reference

GLAS estimates

biomass stan.err. no. Biomass stan.err. percent
(t/ha) plots (t/ha) (t/ha)t difference
Northern Temperate
Ecozone: (109,769 km?)
Conifer 76.6 49 65.4 - 145
Deciduous 77.85 176 89.70 + 15.2
Mixedwood 65.91 313 82.66 + 25.4
Mixedwood Ecozone:
(98,101 km?)
Conifer 85.90 583 72.68 -15.4
Deciduous 75.00 290 83.27 +11.0
Mixedwood 87.15 1177 80.82 - 7.3
Southern Boreal Ecozone:
(374,665 km?)
Conifer 86.36 10,007 63.85 -26.1
Deciduous 56.71 617 60.54 + 6.8
Mixedwood 82.1 3602 69.13 -15.9
Provincial Comm. For. 81.90 16814 75.93 3.03 - 7.3
i SRS standard errors strati fied |inear mo d e |

w/prediction error, w/covariance. N=44169 pulses, 97 orbits.



forest area, 1000 sq km
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