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Multi-benefit, sustainable management

of California’s forested headwaters
Roger Bales, UC Merced

f— Other benefits
i— Data & tools
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Bluff Managed Wildland Fire,

Photo: USFS Region 5 Lassen Volcanic NP, 2004



Valuing & monetizing ecosystem services can help

Environment
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Partnerships: -
financing &
Implementation

Beneficiaries:
— public

— property-rights holders
— rural communities

Socio-Ecological Systems









5 . i Creek Fire approaching
Photo: NEON webcam kR g - Soaproot Saddle, Sept 2020




Forest thinning'reduces water use by the forest
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E. Knapp photo Stanislaus-Tuolumne Experimental Forest, Sept 2011
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Basic water balance

Precipitation = Evapotranspiration + Runoff + AStorage

— Multi-benefit pathway
=) \Nater balance

— Other benefits

— Data & tools

Fnow & rain
- -

Evapotranspiration refers to evaporation, sublimation plus
water use by vegetation



Average annual applied
water use for California,
million acre ft (MAF)

Headwater use
(evapotranspiration) Precipitation
120 MAF 200 MAF

Irrigated agriculture 4/

Ag plus urban: 41 MAF

Agriculture: 80%
Urban 20%

| Aquatic environment

CA Water Plan, 2013



2018

t

e

N

Greyhoise Valley, Oc

/.
-

=
. a, _ 4_\.
o
r : :
-r x \
m \s. L
_-.” X
e ¥
B &
5 e : pS
..Jd.& ke S0 e

i

-

round

e ]
. o
" Jm_f. d.. ;,.
- flf . ; | > b
AT hh
. { g ~ ‘

areai

d

L
L%

k
ne

in

Th

R. Bales'phote




Vegetation grows back, so future prescribed
fire, managed wildfire, or mechanical thinning
are needed to maintain forest health




Example: American R basin water supply, using historical data

Medium-severity wildfire, or equivalent mechanical thinning, reduces forest

evapotranspiration (ET)
This is just one of several
co-benefits of restoration.
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our warming climate



I— Multi-benefit pathway

— Water balance
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TCSI| — Water security

Maximum

dry-season water use T——,

Maximum
multi-year water deficit

Overstocked areas where
tree roots may not be able
to draw enough water from
the ground during summer
to satisfy all trees are most
susceptible to drought &
beetle-caused mortality.

TCSI report, 2021

Drought vulnerability

Max. dry-season [’
water use from
storage, mm

I <400

[ ] 400-450
[ 1450-500
1 500-550

M >550

Drought
vulnerability index
I 5 (<450)
[ 5 (450-600)
[ ] 4 (s00-650)
[ ] 3(850-700) ’X
B 2 (700-750)
B 1750) 0255 10
I

Miles

Max. cumulative
multi-year
drawdown, mm

Drought-vulnerable areas are higher

o priority for thinning, to maintain
B o0 forest health & thus biodiversity
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. French Gulch, 2004 French
NPS photo Fire, Whiskeytown NRA




Making more use of fo

including waste biomass, provides jobs,
renewable energy, carbon sequestration
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Data & tools



What are you exploring? «

@ Current and recent conditions
O Vulnerabilities
O Expected effects of management

What conditions do you want to see?

A Overview of Ecosystem Issues
@® Fuel, biomass and water composite

A Vegetation Type e

O Overview of vegetation type
O Fraction herbaceous

O Fraction tree

O Fraction shrub

¥ Management / Disturbance History —
h

A Carbon Fluxes

O GPP

O NPP tree
ONPP shrub
ONPP herb

A Water Fluxes and Supply D

O Actual evapotranspiration
O Runoff amount

O Water shortfall

O Soil moisture

A Carbon Stocks —
O Live

O Dead

O Tree Biomass

O Shrub Biomass

O Standing Snags

O Fine Woody Detritus

O Coarse Woody Detritus

A Fuels <

O Fuel type and amount
O Coarse

O Fine

O Herbaceous

Select viewing mode: «

® Single year
O Compare years

EXPLORE FEATURED DOWNLOAL ABOUT

What are you exploring?

® Current and recent conditions
© Vulnerabilities
O Expected effects of management

What conditions do you want to see?

A Overview of Ecosystem lssues

® Fuel, blomass and water composite
A Vegetation Type

O Overview of vegetation type

C Fractlon herbaceous

O Frat
O Fractlon shrub

¥ Management / Disturbance History
A Carbon Fluxes

OGPP

C NPP tree

O NPP shrub

' NPP herb

¥ Water Fluxes and Supply
¥ Carbon Stocks

¥ Fuels

Select viewing mode:

® Single year

O Compare years

Center for Ecosystem
</ Climate Solutions
éThA'EIéGIb

GROWTH
COUNCIL

https://cecs.ess.uci.edu/data-atlas/ [ =wmow

RGE

Opacity: 70%
—_—

M Fust brgnter red s more
fued

I piomass biighles green &
more biomass

W Funor: bnghter blue &
more runcff




What are you exploring?

@ Current and recent conditions G——

O Vulnerabilities
O Expected effects of management
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@® Fuel, biomass and water composite
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Select viewing mode:

® Single year
O Compare years

Ecosystem Overview -
RGE

Opacity: 78%

M Fuel: brighter red is more

fuel

M Biomass: brighter green is

more biomass

B Runoff brighter blue is

more runoff

EXPLORE FEATURED DOWNLOAL ABOUT

What are you exploring?

® Current and recent conditions
© Vulnerabilities
O Expected effects of management

What conditions do you want to see?

A Overview of Ecosystem lssues

® Fuel, blomass and water composite
A Vegetation Type

O Overview of vegetation type

C Fractlon herbaceous

C Fraction tree

O Fractlon shrub

¥ Management / Disturbance History
A Carbon Fluxes

OGPP

C NPP tree

O NPP shrub

' NPP herb

¥ Water Fluxes and Supply

¥ Carbon Stocks

¥ Fuels

Select viewing mode:

® Single year
O Compare years

Ecosystem Overview -
RGE

Opacity: 70%
—_—

M Fust brgnter red s more
Aued

I piomass biighles green &
more biomass

W Funor: bnghter blue &
more runcff




EXPLORE

What are you exploring?

@ Current and recent conditions
Vulnerabilities
Expected effects of management

What conditions do you want to see?

A Overview of Ecosystem Issues

Fuel, biomass and water composite (7
¥ Vegetation Type
¥ Management / Disturbance History
¥ Carbon Fluxes
A Water Fluxes and Supply

ctual evapotranspiration (2
® Runoff amount 2
ortfall (2

¥ Carbon Stocks
¥ Fuels

Select viewing mode:

@ Single year
Compare years

Runoft Amount (mm)

3500
/]

Apply |

||
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olorblind-friendly

Runoff: 2017 (very wet year)




EXPLORE

What conditions do you want to see?
A Overview of Ecosystem lssues

) Fuel, biomass and water composite (7
¥ Vegetation Type
¥ Management / Disturbance History
¥ Carbon Flus

A Water Fluxes and Supply

¥ Carbon Stocks
¥ Fuels

Select viewing mode:
® Single year
ompare years

Runoff Amount (mm)

Runoff: 2018 (dry year)




Projected flame length: 2018 conditions

EXPLORE ABOUT CUrTent conditions . . A i o o o i e g = t e ¥ i ; : : " Tree canopy remaining: 50%

100% canopy : M SZRS 3 C 4 H 2 - 7 o g = o Shrub canopy remaining:
What are you exploring? X : P i Pt . A S ; ¥ 3 ot 3 N [ Dead fuel remaining: 50%
O Current and recent conditions ; ; i i AT Al e | G j i o S : \ g 11}
O Vulnerabilities
@® Expected effects of management

What conditions do you want to see?

© Overview of effect of management |2

) Effect of management on tree stress (2
O Effect of management on water supply 2|
@ Effect of management on flame length (2
O Effect of management on rate of
spread [z

Select management options:

What percentage of the original tree
canopy will remain after management?

What percentage of the original shrub
canopy will remain after management?
O0%
O 25%
© 100% ki ; : - : ; . : =
What percentage of the original dead
surface fuel will remain after
management?

Management / Flame
Length (ft)

Horblind-riendly

Leafiel | Ties &



Management effects on flame length: 50% reduction in shrub canopy & dead surface fuel, 25% reduction in tree canopy

EXPLORE

What are you exploring?

Current and recent conditions
O Vulnerabilities
@® Expected effects of management

What conditions do you want to see?

O Overview of effect of management 2

O Effect of management on tree stress (3)
O Effect of management on water supply (7]
@® Effect of management on flame length

O Effect of management on rate of
spread (2

Select management options:

What percentage of the original tree
canopy will remain after management?

What percentage of the original shrub
canopy will remain after management?
0%
O 25%
®50%
O75%
0 100%
What percentage of the original dead
surface fuel will remain after
management?
0%
25%

conditions
100% canopy

Management/ Flame
Length (ft]

Tree canopy rema
Shrub canopy remaining: 50%
Dead fuel remaining: 50%

Leaflet | Thes & E
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