Using differenced hyperspectral data and spectral mixture analysis to understand fire effects with the Rim Fire

Zachary Tane', Dar Roberts', Sander Veraverbeke®, Angeles Casas*, Carlos Ramirez?, Susan Ustin®

'University of California, Santa Barbara, Department of Geography *United States Department of Agriculture, Forest Service, Region 5- Remote Sensing Lab * University of California, Irvine, Department of Earth System Science *University of California, Davis, Department of Land Air and Water Resources

Introduction o Results Yy ——— Post_Fire MESMA Cover Fractions Conclusions -
Examining fire effects via remote sensing in an accurate (Clouds and Water Bodies Excluded) (Smoke and Water Bodies Excluded) * dNBR had the highest level of correlation with

and broadly applicable manner 1s important to immediate @ - ¥ Figure 2. MESMA derived GeoCBIL.

post-fire rehabilitation, as well as characterizing long-term =Rim Fire 2lm Boundary — CHim e %ﬁl;l}ﬁg:;dary cover fractions before and

trends in fire behavior at an ecosystem scale. This has 57 = Green Vegetation

= Non-Photosynthetic Vegetation

* dNBR has several problems (extensively documented
in Lentile ez al. 2009), many of which MESMA
classifications do not share. In this study the MESMA
derived green vegetation cover fraction corresponds

-Green Vegetation after the Rim Fire. Note
BNl that in the before image

(Soil not shown) blue represents soil whereas
in the after image blue
represents ash cover.
Each pixel represents a red,

green, and blue mixture of
each class as determined by * Difterencing the pre- and post-fire MESMA classes

MESMA . and not did not create a statistically significant gain in predictive

typically been done through the use of Landsat and the
Ditterenced Normalized Burn Ratio (ANBR) index. The
avallability of pre-fire AVIRIS data over the Rim Fire creates
the unique opportunity to compare pre- and post-fire
hyperspectral images. Although calculating dNBR through
hyperspectral data 1s possible, 1t might not be maximizing

linearly with GeoCBI and does not appear to show
saturation at the highest severities (as opposed to ANBR).

the available information in the high-dimensional 1image cube.
The Multiple Endmember Spectral Mixture Analysis

(MESMA) algorthim 1s one of the most promising means of power of GeoCBI. However, given the homogeneity of

necessarily a pure class.

characterizing fire severity using the full hyperspectral data the plot areas pre-tire this question needs more research.

cube. In this study, we tested:

* The usetulness ot decision trees to interpret MESMA
cover fractions 1n terms of fire severity showed early

1) Whether dNBR or MESMA derived metrics better

correlate with Geo Cumulative Burn Index (GeoCBI) plot promise 1n this study. However, with limited GeoCBI plots

values; Figure 3. Percentage the true quality of the decision tree classification 1s
green, brown, and Table 1. Pre-fire MESMA cover of the GeoCBI plots. : : h d; ful F
100% g black t from A majority of plots were 100% green vegetation cover uncertam. Given other recent studies successtul use o
2) Whether having pre- and post-fire MESMA results § n ool ' ' : - al(il Ii?ss To y JOTIty OL P °5 5 ' decision trees for fire severity classification (Quintano ez
. o« o . . 60% . . . . .
gives additional predictive power of GeoCBI plot value over G E 0% * 1€ Vah;[Ea;;?[Xp ots al. 2013), testing with more extensive ground validation
just post-tire MESMA; 50 1 S S S S UL ST S VeSS data should be a research priority.
- 100% | Gi“een Vegétation | derlved POSt_ﬁre Green Non'
P2 o0 |- = . . . ’ : 1 ] 1 . . . .
3) Ways to optimize MESMA results for determining burn ; § oo fractm{} (.’f Plxl(fl Vegetation Photosynthetic Soil * The recent King Fire will have the same extensive pre-
severity. _ jgoﬁi' : - U smgAa mear Vegetation and post-fire hyperspectral data as the Rim Fire. The
S 0 ¢ ' S . | = ! 5 ' ~ regressionr”2 o o o : :
- on-Photosynthetic Vegetation values are: Mean 93% 1% 2% Potentla.l Colle?ctlon of a 1arger number of GeoCBI plots
S o sk .. ) Max 100% 31% 27% in the King Fire would provide a robust data set to
et O S % gj 60% |- I 5 (tOP), 5 P S fi : £ thi
AVIRIS data pre-processing 1s summarized 1n Stravos et o S 57 (middle), and Min 69% 0% 0% further test many of the preliminary findings of this
. . . K] . ’
al. (In progress) and pre-processed images are available at o) 0 7 —! | Al —) ' g4 (bottom) study.
http://wildfirejpl.nasa.gov/. The June 2014 and >
November 2014 mosaics available on the website were used
for this study. After pre-processing, noisy bands were 3 o ¥_4r'29 =5 g );;'941 31 Literature Cited
removed from further consideration either due to their 2.57 ’ Lentile LB et al. (2009) Remote sensing for prediction of 1-year post-fire ecosystem
Correspondence with known atmospheric absorption E ol condition. International Journal of Wildland Fire.
windows or clear artifacts of atmospheric correction. The % 1.5t G Quintano C, Fernandez-Manso A, and Roberts DA (2013) Multiple Endmember
1mage analysis process 1s documented 1n the tflow chart (5” . Spectral Mixture Analysis (MESMA) to map burn severity levels from Landsat
below L 1 89541 95 images in Mediterranean countries. Remote Sensing of Environment.
: oo _ _ 2 . . y: . X+1.
Roberts ef al. 2004 June and November — = y="13e Or62);(-)l— éO6O3ZX+1 39 D f Y= 2':22%)(;—42'883 5 r’=0.54 Roberts D, etlal. f(QOOlék). Epectral a?d sEt:ructural measures of Northwest forest
. . eo s , , , . , , , , , , , : | | . '. . . , _ s °® b o , , , | , , , | , Vegetation at leat to landscape scales, L.cosystems.
ASD field spectral library 2014 mosiacs Plots 1400200 0 200 400 600 800 1000 1200 1400 1 -8 -6 -4 -2 0 .2 . 0 2 4 6 8 1 0 2 4 6 8 1
inputs l ﬁ"t‘})l“ll) J P;J website ] dNBR Change 1n Green Vegetation Green Vegetation Burn Fraction Somers B and Asner GP (2018) Multi-temporal hyperspectral mixture analysis and
— e feature selection for invasive species mapping in rainforests. Remote Sensing of
- ——m | Figure 4. Four figures comparing GeoCBI (y-axis) and dNBR and three MESMA derived metrics. A GeoCBI value of 0 indicates no fire Environment.
pectra == T . : : . : .1
—) library buile € - eff:ect, below 1..5 1nd1c?tes low severity, between 1..5 and 2..5 moderate severity, and ab(.)ve ?.5 high severity. .F(.)r .the MESMA derived indices, Stavros EN ef al (in progress) Unprecedented remote sensing data from before and
. A =~ Calculated units are fraction of pixel cover post-fire or fraction of pixel cover change. Burn fraction is calculated by dividing the ash cover by the sum after the Rim Fire, Sierra Nevada, California: Analysis and application. Ecological
11mal bDan . . . . : .
P o~ v of the green vegetation, non-photosynthetic vegetation, and ash cover. A quadratic fit was chosen for dNBR as recommended by van Applications.
selected through % - Images ) ) i P y & . q . y
quU Z S differenced Wagendonk et al. 2004. A linear fit was chosen for all MESMA derived metrics based upon theory. van Wagtendonk, JW, Root RR, and Key CH (2004). Comparison of AVIRIS and
o . o . .
' ~ + Landsat ETM+ detection capabilities for burn severity. Remote Sensing of
. Selec?on IOf = dNBR image Table 2. Average change in pre- and post-fire MESMA Figure 5. Decision tree for classifying fire severity as determined Environment.
O 1ma [ [ ] [ ] °
« 5 endgembers l @ cover fraction percentages of the ground validation plots @ by GeoCBI, using differenced MESMA cover fractions. No
% @ — u+nmixing p Plot locations extracted separated by burn severity as determined by the GeoCBI pruning or validation was possible given the limited number of A Ckn OWI e d g ements
> 2 (MESMA) — z  and pixels averaged value. GeoCBI plots. However, this tree correctly identified the severity , _
= < S < | e £ 03% of plot Data processing and analysis was funded by the US Forest
Shade ~. ~  Values compared with Low Severity Medium Severity  High Severity 0 0 01 plots. ' :
as Service, Remote Sensing Lab. The UCSB Geography
S = < GeoCBI value [t loss of green vegetation greater than 14% ’ :
normalizaiton aa g g g ,
I 2 % n 11 5 11 = 2 department and Dar Robert’s VIPER lab provided oftice
TTEEeES £ O Mean change in > &, :
ifore o O 3 i ge 5o, _68% -85 {xk % space and computer resources. All image data was
v dMESMA dNBRavnd metric green vegetation collected as part of the HyspIRI Airborne preparatory
Dlgzz:::fd | decesion tree regression coefficents Meahn (;hangtehmﬁ L . 0% campaign. GeoCBI plot and some field spectrometer data
- classifier determined non-\|c/)e ;)ef:;{gn etic -1% 6 6 Low severity If after fire more than 1% of the image is ash was collected by Sander Veraverbeke under the funding
. J - . . .
Figure 1. Flow Chart of Methods. Note that uSZU Mean change in -5% 0% -1% @%@ an superwlsllon (ZbeHAnon }11005- Other (fi‘leld spectrom.et.er
process 1s documented in Somers and Asner 2013 and soil S agafwa(si.co e;tg Y Ungf? esC .a.sasl under ¢ de Sélp crvision
the wavelengths selected for dNBR calculations are Mean change in 1% 0% 777 dfl .anlggg hlisan stin. Lritical code and advice was
those recommended In van Wagendonk et al. 2004. ash Medium severity High severity provided by Seth Feterson.




