ONIN[B|LE2021-011

Saide Asion|sazana |

2021. 6. 4.

ST

ChungNam institute



Aol (o WS SCHst MERSFA1LA
R 2EETE U EEAL L rsitie ot Bl Erer et

A=0| ch 2 MEFH
FET0 0X= ILEN

]2
2stEAL | E228

N
4ot
rE
Lo_l-
A
0lo
r
Mo
N
>
=]
r

1. Background

= Climate change: Increasing severity of wildfire

Fires Larger Than 25,000 Acres Are More Common =
Than They Were 40 Years Ago 03
40

Thomas Fire in Santa Barbara, CA
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® Objective: Quantify the impact of wildfire using Budyko framework
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2. Study Sites

® Threshold:
ﬁg‘ = 10% of burned area
" CID (semi-arid)
= central Idaho

" YNP (semi-arid)

" Yellowstone
National Park

" NCA
(Mediterranean)

®  GAGESH Wikdfires (1984-2014)
[ essin Boundaries [ ] Stote Borders

" Northern CA
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3. Application of Budyko Frameworkc
= Wildfire as an external disturbance
= within burned watershed linked with climate condition
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® long-term averaged (left) and yearly time scale (right)

3. Application of Budyko Frameworkc

= Fu (1981): EI = 1+ DI — (1 + DI®)V/®

Dryness Index (RNY/P)

® assuming steady-state condition

® Flow-based El: Els,, =1-Q/P
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3. Application of Budyko Frameworkc

® | ong-term averaged time scale

o o o
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3. Application of Budyko Frameworkc

" Yearly time scale

® 0 & & 0 0 & o

Wateryear aftec wildfire
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3. Application of Budyko Frameworkc
. App Budyko F k
® Percent difference in post-fire annual water yield
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4. Role of Burned Landcover

® Equation of tree mortality (m; %)

n A0 _ Qos—Qpre _ {Ppre (c-1) L}

Qpre Qpre Qpre (1=F) ~ 1-F

" ¢ : efficiency coefficient of evapotranspiration of forest under given precipitation
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4. Role of Burned Landcover
= Post-fire response in AWY following permanent tree mortality
300 | ® Budyko framework
@ <07 (2007
3 §§ =e U ok ‘ ® long-term averaged time scale
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4. Role of Burned Landcover

" Post-fire response in AWY following permanent tree mortality
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4. Role of Burned Landcover
= Comparison between Budyko framework and the equation of tree mortality
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small large watersheds

2 g _w ®)
5. Size Effect e
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6. Conclusions

1. Extension of usability of the Budyko Framework testing impact of wildfire
2. Increasing post-fire annual water yield in large watersheds

3. Possibility of long-term response

4. Increasing wildfire impact following permanent tree mortality

5. Changes in annual water yield associated with tree mortality and regrowth

6. Undetectable size effect in large watersheds
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Thank you

Supplementary Information

® Guages and Station Names of Study Sites

Site Watershed ID Gauge ID Station Name
0 13235000 South Fork Payette River at Lowman, ID
1 13237920 Middle Fork Payette River near Crouch, ID
2 13295000 Valley Creek at Stanley, ID
an 3 13296500 Salmon River below Yankee Fork near Clayton, ID
5] 13309220 Middle Fork Salmon River at Middle Fork Lodge near Yellow Pine, ID
6 13310199 Middle Fork Salmon River at Mouth near Shoup, ID
7 13310700 South Fork Salmon River near Krassel Ranger Station, ID
8 13313000 Johnson Creek at Yellow Pine, ID
0 06037500 Madison River near West Yellowstone, MT
1 06043500 Gallatin River near Gallatin Gateway, MT
2 06186500 Yellowstone River at Yellowstone Lake outlet, YNP
YNP 5] 13010065 Snake River above Jackson Lake at Flagg Ranch, WY
6 13011500 Pacific Creek at Moran, WY
7 13011900 Buffalo Fork above Lava Creek near Moran, WY
10 06280300 South Fork Shoshone River near Valley, WY
0 11517500 Shasta River near Yreka, CA
NCA il 11519500 Scott River near Fort Jones, CA
2 11520500 Klamath river near Seiad Valley, CA
3 11522500 Salmon River at Somes Bar, CA
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Supplementary Information

" |nput data
Variable Unit Period Resolution Estimation error Source
Wi:‘;;ire km2 1984 - 2014 N/A N/A MTBS
Landcover 1992, 2001, 2006,
i % ot 30m N/A MRLC
cantal V(Vé)ter e mi/s 1950 - 2014 N/A N/A USGS
REshita ey mm/year 1895 - 2014 4km 2=l PRISM

(P) (Jeton et al., 2006)

RMSE: 186.3 mm/year

1984 - 2006 8 km NTSG
Actual Evapotranspiration / (Ehang et al,, 2010
(AET) mmeyear MAE: 120.5 mm/
_ . .J mm/year
2007 - 2014 5 km (Running et al., 2017) MR
Net Radiation mm/year 1980 ~ 2014 19 km unknown NOAA

(RNY)
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® Literature of small watersheds
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Supplementary Information

® Changes in landcover composition

100
Burned Land Cover = Post-fire Land Cover

Percentage
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Supplementary Information

" Changes in landcover composition

100
Burned Land Cover ® Post-fire Land Cover
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Supplementary Information

= Raw Data: P, Q, AET and RNY
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Supplementary Information

" P, El and DI with SPI
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Supplementary Information

= Derivation 1/6
Relative changes in annual water yield after wildfire (AQ/Qypr. ) is defined as Equation S1.

AQ — Qpost —Qpre S1
Qpre Qpre ( )

where, Qpre and Qpoq are annual water yields for pre- and post-fire periods, respectively.

Equation S1 can be expressed as Equation S2 by substituting Equation 2 and Equation 3 into

Equation S1.
AQ _ P—(F-m)P —{(1-F+m}kcP —P+FcP +(1-F)kepP (s2)
Qpre P—FcP —(1-F)kcP

Where, ETy = & and ET; = kET; = kdP . P is a generic precipitation, which is the same over the
watershed to measure the response via the change in landcover composition. If the major cover is
forest and short vegetation including shrub, grass and crops then the overall response is due to the
change in forested area. Thus, right-hand side of Equation S2 can be divided by P, then Equation

S2 can be simplified as Equation S3.

Supplementary Information

= Derivation 2/6

AQ _  mecmke (53)
Qpre  1-Fc—kc+Fkc

Equation S3 can be expressed as a function of permanent tree mortality (m), which depicts the
hypothesis of this study that changes in evapotranspiration due to permanent tree mortality is one

of key factors for the post-fire response of annual water yield (Equation S4):

AQ — m{ c—kc } (54)

Qpre 1-Fc—kc+Fkc

Equation S4 can be re-arranged as Equation S5 by adding “+c-c” in denominator.

Ao _ m{ c(1-k) } o m{ c(1-k) } (S5)

Qpre —Fc+Fkc+1—kc+c—c —Fc(1-k)+c(1-k)+1-c

Numerator and denominator of Equation S5 can be divided by c(1 — k) and then written as:

S m{l—F+1 ¢ } 56)

Qpre

c(1-k).

2021-06-04
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Supplementary Information

® Derivation 3/6

Equation S6 supports the hypothesis of this study that post-fire response in annual water yield will
be determined by changes in capacity of evapotranspiration of a burned watershed (c and k) due
to changes in landcover composition after wildfire (F and m). However, it is difficult to estimate
the relative efficiency of evapotranspiration of short vegetation (k), which is site-specific empirical
parameter. Thus, Equation S6 is required to be written with other variables that are easier to

estimate than the k.

To replace k with other variables such as annual water yield and precipitation, let’s recall the
relationship between total evapotranspiration (left-hand side of Equation S7) and

evapotranspiration via forest and short vegetation (right-hand side of Equation S7).
ETyre = ET; + ETy = FCPyre + (1 = F)kc Pyre (s7)
Equation S7 can be divided by P (Equation S8).

ETpre
P

= Ely, = Fc + (1 — F)kc = Fc + ke — Fke (S8)

Supplementary Information

= Derivation 4/6

Equation S8 can be substituted into Equation S4 (Equation S9).

aQ _ m{ c(1-k) } (s9)
Qpre 1-Elpre

And, water budget under steady-state condition is written as Equation S10.

Byre = ETpre + Qpre (S10)
Equation S7 can be substituted into Equation S10 (Equation S11)

Pyre = CPye (F + k — FK) + Qpre (S11)

Flow-based evaporative index (1 — Qe /Ppye ) corresponds to Elyy, under steady-state condition.
To define flow-based evaporative index from Equation S11, let’s transpose Qpy to the left-hand

side and divide Equation S11 by P, then:

2021-06-04
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Supplementary Information

® Derivation 5/6

1-% _ L. = c(F +k — Fk) (512)

Ppre

Equation S12 can be re-arranged for c (Equation S13).

_ Elpre B Elpre
C= Frk—Fk 1-(1-F)(1-k) (513)

Equation S13 can be written for (1 — k) (Equation S14).

g _ Elpre\ 1 c=Elpre 1 _ c=Elpre
1-k= (1 c )1—1-"_ ¢ 1-F  c(1-F) (519

Equation S14 can be substituted into Equation S9 then the k will be removed from the equation of

relative changes in post-fire annual water yield (Equation S15).

AQ - c C—Elpre} _ { C—Elpre } _ 1
Oz m{1—E1pre c(1-F) m (1-Elpre) (1-F) m{M(l_m} (515)

c—Elpre

Supplementary Information

= Derivation 6/6

EL,. from Equation S15 was defined as flow-based evaporative index (1 — Qpye /Ppre ). Equation
S15 can be expressed with Qpre and Py, instead of El,,, through substitution of flow-based

evaporative index into Equation S15 (Equation S16).

AQ 1 1

=~ = = S16

@rre m [(1_F)QWE] m {(1_”$} (516)
e )}

,(1,Q¥‘J CPpre—Ppre+Qpre
Ppre

Equation S16 can be simplified as Green Equation.

4 _ m{m} = m{@ﬂ + -2 } (Green Equation)

@ Qpre(l_p) Qpre (1_F) ;
From Equation 4, the term P, — cByy is the amount of water released by the watershed
(Qforest ) ifitis fully covered by forest (F = 1), thus Equation 4 could be interpreted as Equation

S17.

AQ _ Qpost=Qpre _ m {Qpre‘Qforest} (S17)
Qpre Qpre Lo F

Qpre
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