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Changes In solly
repellency cause

2021-2022 western
mega fires

Vera Samburova, PhD



Fires in the western US

Fire-induced soil water repellency can result in the reduction of soil infiltration,
which can lead to an increase in surface runoff, erosion, and the potential for

flooding and mudslides
| R Qi g § . Nov. 2021, Dixie fire

* In the past decade, the severity
and frequency of wildfires have
increased in forests of the
western United States (U.S.),
especially in California, where
ecosystems are dominated by
dry conifers

« The 2021 Dixie fire was the
largest single (i.e., non-complex)
fire in the history of California
with over 3,890 km? burned and
over 1,300 structures destroyed
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Beckwourth
Complex

ary of fires and sampling

Start-end
date

7/13/21 -
10/25/21

7/04/21 -
9/22/21

8/14/21 -
10/21/21

9/06/22 -
10/27/22

Total fraction of
high and very
high soil erosion
hazard area

Total fraction of
moderate and
severely burned
soil area

Fire area

GPS
coordinates

39°58'41.9"N
120°21'24.8"W

39°53'21.1"N
120°12'02.9"W

38°50'37.0"N
120°01'59.8"W

38°59'22.3"N
120°44'21.1"W
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Dominant forest type

Sierran mixed conifer (Pinus contorta,
Abies concolor)

Sierran mixed conifer and mixed pine
(Pinus lambertiana, P. contorta, P.
ponderosa, Pseudotsuga menziesii)

Sierran mixed and Sierran Montane
hardwood (Pinus jeffreyi, P. contorta, P.
ponderosa, A. magnifica, A. concolor)

Sierran mixed conifer, Sierran Montane
Hardwood; Sierran Montane Hardwood-
Conifer (P. ponderosa, P. jeffreyi)
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https://data-nifc.opendata.arcgis.com/datasets/nifc::wfigs-interagency-fire-perimeters/explore?location=-0.000000,0.000000,8.87

pling and analyses

Vi - A .( ot . .\‘,‘ : :\’; . ' w‘LDLAND FlRE

CONFERENCE

Soil

WDPT

field measurement

Soil under ash Background soil

(burned) (control)

Laboratory analysis

* Physical poperies (e.g., contact angle measurements with goniometer)
* Chemistry (e.g., analysis chemical functional groups)

* Spectroscopic properties



Water Drop Penetration

Apparent Contact Angle
(ACA, deq)

FT-ICR MS
(chemical analysis)
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RT-ICR M8, Oct. 2022
Tempegature progfam:
1T 2/min @ 20°C

Z. 20K/min to 600 °C .
3. 20Min @ 600°C
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sHu  thermal desorption
(<270 °C)
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Samburova et al., FIRE, 2023, under
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Samburova et al., FIRE, 2023, under

M SNS FR SNY A B

140 -
120 -
100

ACA (deg)
@
o

& 8

20 -

:%:l P=0.0004

ACA results (goniometer)

ACA (deg)

90 -

Unburned soil

Caldor

P=0.0001

Burned soil

Unburned soil

Burned soil

140 |
120 -
100 -

ACA (deg)

o 8 & 8

Beckwourth Complex

b

—e—  P=0.0001

<«
(=)

Unburned soil

Mosquito

P=0.0001

Burned soil

Unburned soil

Burned soil




TH

5 .
%ﬁiﬁéﬁéé Temporal analySIS Of Ref: Samburova et al., FIRE, 2023, under
CWR | . | ’review

WDPT test
a Cald
800 1 Dixie soo , B Beckwourth Complex ¢ 7 i
________ p_o 0698 ). 800 - r ” p=0.3370 s | |
700 P P=0.015 ========7 700 - : G } 70014 ' |
3500 1 x : ‘.‘600 1 —— ——— ] = =
b 500 - l l? Em ] o o 600 - e ——
g z = 500
400 - 400 - § 400 - %
300 - a 300 - ° 300 -
200 - x 200 - 200 .
100 © P=0.826 | =0.019 100 P=0.0154  P=0.369 , 100 - P=0.6356 P=0,3188
0 v . . 0 = ‘ . 0 ; '
0mo 6mo 1year 0me 6 mo 1 year 0mo 6mo 1 year
Apparent Contact Angle analysis
0, d Dixie 160 € gockwourth Complex i F Caldor

..............

mmmpmmanme PR NN]] swmnamm-
.

P=0.278 =0.001 ] =0.0001 P=0.482 P=0.0949 P=0.3637

0mo 6mo 1 yoar 0mo Emo 1 year 0 mo 6 mo 1 year




8"

INTERNATIONAL
y WILDLAND FIRE

CONFERENCE

Chemical analysis
Example: Caldor Fire

Formulas: Samburova et al., FIRE, 2023, under
CH review
CHO 1.60 0.50
CHOS :,3} CHy
CHON 1.40
CHNOS | © 040 T e
% ) B S
o120 f S
5 © 030 [ g .o ¥
= y =-0.0015x + 1.4908 © H— y = 0.0008x + 0.2644
b 1.00 | < @ R? = 0.8218 3 - R? = 0.813
% SE =0.0402 020 | \ RE = 0.0236
= s o
2080 o (L] 2 -
..&; % -oéa 0 10 ¢ H3C/\/\/\/
060 r—C( XY '
thermal desorption thermal desorption
0.40 . - 0.00 X L
0 50 100 150 0 50 100 150

ACA [deg] ACA [deg]
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Chemical analysis

Example: Caldor Fire

Samburova et al., FIRE, 2023, under
review
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For all four firessites, a significant increase in SWR was observed between unburned and burned
soils with WDPT and ACA values increased between 1.1 and 10 times

Six-menths and one-year after the 2021 megafires (Dixie, Caldor, and Beckwourth Complex
megafires), our WDPT and ACA measurements showed no significant changes in SWR for
unburned and burned soils.

The APPI FT-ICR MS analysis showed the positive correlation (R°=0.813) between ACA values
and aromaticity (Al for the desorption (or pre-pyrolysis) phase (~20-270 °C temperature range).
It suggests that burned soils may become water repellent because of the formation and/or
deposition of PAH-like organic species on the soil surface

Funding: National Science Foundation (USA) under Grant No. OlIA-2148788 and EAR2154013.
The Horizon 2020 program for the EU FT-ICR MS project (European Network of Fourier-
Transform lon-Cyclotron-Resonance Mass Spectrometry Centers, Grant agreement ID: 731077)
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THANK YOU!

Dr. Brad Sion (DEES, DRI)
Dr. Markus Berli (DHS, DRI)

Dr. Ralf Zimmermann'’s group (E. Schneider, L.

Friederici, Dr. C. Rueger), Rostock, Germany . Expectations |

"

Dr. Hans Moosmiuiller (DAS, DRI)
Dr. Fred Harris (UNR)
Palina Bahdanovich, PhD student (DAS, UNR)

Kevin Axelrod, PhD student (DAS, UNR)

Yasi Raeofy, MS student (DAS, UNR)



