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Background

Biomass is key to understanding carbon
sequestration (Houghton, 2005).

Estimating biomass involves costly field work and
destructive sampling (Brown, 2002).

Increasingly, researchers are looking to estimate
biomass with remotely sensed data.

Research question

How accurately can LiDAR-derived data
predict biomass in the Panther Creek
watershed?

What is the biomass above ground within
the study area?
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Study area

Data

Vegetation sample plot data:

® 78 circular plots of 100 ft. diameter, 2009
® Diameter at breast height (DBH)

® Tree height

LiDAR data:
® Discrete return data collected in leaf-off conditions, 2010
® Pulse density of ~ 8 pulses/m?

GIS data:
® ESRI grids of bare earth LiDAR returns
® Study area
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Workflow and Software Used

Calculate biomass for each plot Calculate LiDAR feature height
(R) statistics by plot (Fusion)
Variable selection, OLS
regression (R)

Derive LiDAR surface of selected
variable (Fusion)

Estimate LiDAR-derived
biomass (ArcGIS)

e —
Calculating biomass

¢ Allometric equations for each tree by species.
® Variables: DBH, Height, wood density
® Species distribution:

DouglaS—fl r @ Bigleaf maple

- M Western Hemlock
B Western Red-cedar
O Grand fir
0 Dogwood
W Cascara
O Other

o Cherry

o Pacific Yew
o Madrone

o Willow
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78 vegetation sample plots

tudy Area Features
Study Area

*  Vegetation Plots
PC Watershed Bounda
Panther Creek
PC Tributaries

Biomass

Bole biomass Bark biomass Branch biomass

= Tree biomass
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Calculating plot biomass in R
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LiDAR data processing

e

Convert LAS elevatlon
values to height values

mpute metrics fom
L|DAR data for each plo/t

DEM to ASCII
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LAS elevation to height values

Compute metrics

C:AWINDOWS\system32\cm: -0 J

Crid metrics file produce
metrics8_all returns_elevation_stats.csy  Nov 28, 2012 @ 9:48 PH
ASCIT raster grid header file produced:
metrics8_all returns_elevation_stats_ascii header.txt  Mov 28, 2012 B 9:48

M
[Run finished: Wed Nou 28 21:48:42 2812 (elapsed time: 177 seconds)
[Done

t\rul‘face)m‘ldmetl-lc-‘ be.dtm 3 3@ metrics?.csv laslist%.txt
fGridMetrics v3.32 SION u3. 21) CBuilt on Oct 16 2012 11:47:13>
[Command line: Ql‘ldmttl‘lt“ he. m 3 30 metrics?.csv laslist9.txt

[Run started: Wed Nov 28 2 ?:58 2012

as
UU 14471 las

Wy 14472.153

Wu_14 51
'l'ntal 3?435479 points

Total returns used for all metrics: 37485479 pointe

Grid metrics file produce.
metrics?_all returns_intensity stats.csv  Nou 28, 2812 @ 9:52 PM
ASCIT raster grid header file produced:
g "Etrics? all returns _intensity stats_ascii header.txt  Mou 28, 2012 @ 9:52

levatlnn _stats.csv Nov 28, 2812 @ 9:52 PM

metrics? _all_returns_elevation_stats_ascii_header.txt Mov 28, 2812 @ 9:52
[Run finished: Wed Mou 28 21:52:42 2812 (elapsed time: 164 seconds)
[Done

[E:\Project\surface>CSU2Grid metrics_all returns_elevation_stats.csv 35 p?@.asc
JCSU2GRID_v1.33 (FUSION v3.21> (Built on Oct 15 2@12 11:42:46> DEBUG
jCommand line: CSU2Grid metrics_all_returns_elevation_stats.csv 35 p?@.asc
[Run started: Wed Nov 28 2 5:32 2012
RSCII raster flle produce:
sc 28, 2012 B 9:55
shed: lled Hou 28 21:55:32 2312 ¢elapsed time: @ seconds)

E “Project\surface>CSU2Grid metrics2_all returns_elevation_stats.csv 35 p?@_2.as|

CSUZGRID uvl.33 (FUSTON v3.21> (Built on Oct 15 2812 11 42:463 DEBIIG
70_2 .

lCommand 1ine: CSU2Grid metrics2_all returns_elevation_stats.csv

® Cloudmetrics

® Run through
DOS
Command
Prompt



Statistical variables for each plot

DataFile Total return cc Return 1 coun Return 2 coun Return 3 coun Return 4 coun Elev maximur Elev mean Elev mode Elev stddev  Elev variance Elev CV

H100401.las 12498 1180, 6865 10 0 14.2. 4.621556 0 2.754507  7.587859  0.596034
H100402.l2s 11608 10234 1245 128 1 3612764 0 5.182526  26.858576 1.434504
H100405.1as 13353 12338 1011 a 0 2.942743 0 2.295572  5.288031 0.781439
H102401.1as 23140 14964 6640 1448 B8 49380001 24.481475  3.135238 13947134 194.522553  0.569702
H103202.las 29692 19014 8542 2121 15 29.77 11.305664 0 9.268144 85.8985 0.8159779
H103501.1as 11358 9374 1765 217 2 37.91 15625375 0 11714203 137.222562  0.749691
H103902.las 15433 11691 3303 438 1 40.560001 11683235 0 12940384 167.453535 1.107603
H104801.las 15799 16581 2845 365 4 27219999  16.303926 0 6.695893  44.832308 0.41088
H10770L.las 14895 11554 2891 442 8 48849998  28.511079 0 11919617 142.077266 0.41807
H107801.las BB13 5506 2608 680 19 58.450001  26.687281 0 18944219 358.883415 0.709859
H108201.1as 25777 23762 1967 a8 0 1403 4410234 0.222698 3.295509  10.860383 0747241
H108501.las 12657 11864 786 7 o 10.38 1.864876 0 2.170986 4.713179 1.164145
H108601.1as 15719 11530 3537 648 4 32220001  12.4B0986 0 8.212272  67.441411  0.657983
H109101.las 15556 9359 4968 1178 51 47.27 19066554 0 13003967 169.103167 0.68203
H109102.las 13815 9922 3349 535 5 44349998 21.346581 0 13.0625687  170.63117 611929
H109103.1as 18103 10061 6206 1773 63 48.080002 17.812784 0 12256123 150.212556  0.688052
H109301.las 14524 9725 4020 769 10 42040001 15775109 0 10528283 110.844851 0.667399
H109302.1as 19041 11192 6305 1485 59 45060001  18.808387 D 11.258744 126.759313  0.598602
H109303.las 26140 18068 6586 1463 23 49,73 26.213469 0 15184596 230.571966 0.579267
H109602.1as 9531 8940 783 192 6 36919998  3.286358 0 6.985553  48.797945  2.125621
H109604.1as 7787 7787 0 0 0 5.87 0.640198 0 1.006261 1.012561 1.571797
H109605.las 19259 19182 77 ] o 7.42 1.151948 0 1.412467 1.995063 1.226155
H10970L.las 10395 9550 780 55 0 23850001 15996281  17.867461 4.865639  23.674442  0.304173
H109804.las 35088 21581 10750 2718 39 68.68 19.339932 0 19.261677 371.012197 0.995954
H11010L.las 14586 10678 3723 581 4 31,719999  10.455238 0 7.77496 60450007  0.743643
H110102.las 16819 13353 3073 392 1 30,73 15.031928 0 8.074056  65.180376 0.537127
H110104.las 16388 12872 3161 353 2 29.68 77 0 B.335566  £9.481664 0.621191
H110201.las 23444 12581 7630 2223 10 35369999 13.100495 0 10182679 103.686951 0.777274
H11030L.las 19642 11100 6689 1779 74 42040001 15683661 0 12.08761 146.110308 0.770714
H110302.1as 18861 11216 8074 1558 13 29.469999  B.BB4988 0 8.265337  £8.315794  0.930259
H110401.las 14835 12008 2544 283 0 33.099998 7.478881 0 9.835777  96.742514 1.31514
H110402.1as 16518 11466 4229 812 11 43.07  17.325582 0 11.761741 138.338556  0.6788866
H110403.1as 21596 11705 7368 2440 83 40,77 15943275 0 10711176 114.729281 0.67183
H111001.las 24453 19618 4181 648 6 34580002  20.226679 0 B.545543  73.026311 0.422489
H111002.1as 18184 14066 3597 510 11 36709999 20.821136  23.307936 7.070895  49.998968  0.339607
H111003.las 12241 8396 3143 700 2 35919998  19.431229 0 11.428963 130.621197 0.588175
H11270L.las 17896 15730 2030 136 0 21129999  11.257735 0 4.680392  21.90607  0.414277
H112702.las 16657 11513 4318 823 3 23.370001 10.35226 0 6.833397  48.071987 0.667169
H112705.las 14951 10659 3484 805 3 25.84  11.270925 0 6.465567  41.803552 0.57365
H11400L.las 16818 11867 4161 678 12 56560001  27.600132 0 17.812133 317.272065  0.645384
H114002.las 15722 9584 4775 1322 41 64.139999  27.843022 0 18670952  348.60445 0.670579
H114005.1as 17622 11365 5179 1040 38 59.689999  26.585131 0 19.57621 383.227981 0.736359
H200101.las 18609 12083 5497 973 56 63.060001  27.160127 0 20.124521 404.596363 0.740958
H200102.12s 23561 17579 5467 887 28 58.05  32.56595 0 14.012871 196.360541 0.430292

Regression analysis

Best predictor = 7oth percentile, LIDAR feature height
* Highly correlated with biomass (r = 0.8824)
» Straightforward interpretation

Ordinary least square regression
* Estimate slope (a) and intercept (B): Y=a+ B X + ¢
* Goodness-of-fit: R2, RMSE
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Regression equation

**kg

Biomass

e —
Predicting plot biomass from LIiDAR

Predicted Biomass (kg)
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Derive surface from LIiDAR returns

\
)
Raster to ASCII ASCII to PLANS LAS Values to
DTM height values
Mosaic ASCII CSV to ASCII Calculate Metrics
files (CSV files)
-

<1(_.;}

Estimating biomass across study area

Raster
Calculator

C=lfe=]
Conditional —
E|
(el (== il
[ (sJe] ()]
B .
LiDAR 70th percentile ED
Feature height, meters 9836)
High : 67
I @

Low: 0 [ ok ][ concel ] [envioments...] [ showrep>> |
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Biomass

Mg/hectare
High : 740.3

Margin of error

Mg/hectare
High: 47.4
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Land Ownership in the Study Area

Average biomass (Mg/H)

>z

250

200

150

100

Land Ownership
®  Vegetation Piots

N sum

L City

I Private industrial

[0 Private non-industrial

50

Private Private City BLM

Industrial Non-industrial

Discussion

Max height is not the best predictor. We found that the 70-
goth percentile is better.

Very good correlation for plots with 70th percentile < 25
meters. Rsq=0.85 below, 0.51 above.

The accuracy of this method is contingent on the accuracy
of the derived surface and elevation models as well as
allometric equations for biomass.
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Conclusion

Remotely-sensed data can be used to model biomass.

Forest biomass ranges from 5.6 Mg/h for deforested areas
to 740.3 Mg/h on forested stands. Avg =135.7 Mg/h
throughout study area.

e —
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