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 What are the major challenges in adaptive management?
* Forest types in Colorado and complexities of management
e CSFS Science and Data - tracking treatments and FRWRM
monitoring, long-term research collaborations,
carbon, forest inventory and analysis, beetles & pollinators
* Discussion
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What are the biggest challenges?
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* Increasing heat, aridification - unprecedented since at least 16th century
* Decreasing fuel moisture content; increases likelihood of wildfire ignition, spread in
systems not fuel-limited; in high-wind conditions can increase intensity and severity
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Rocky Mountain subalpine forests now
burning more than any time in recent
millennia

Philip E. Higuera B, Bryan N, Shumar ,and Kyra D, Wolf Authors Info & Affiliations

June 14, 2021 | 118(25) e2103135118 | hitps//doi.org/10.1073/pnas. 2103135118

1°C 1.2°Cabove @ 67 years expected
” waimer | _ 20th century 9 | between fires:
5 2 Medieval  average 2010-2020
£ 8 Climate
a8 05C i
2% | Anomaly
E a warmer '
o E
Io
= % 20th century
% 2 average ® 117 years expected
S g , between fires:
0.5°C 2000-2020
T cooler 204 years expected
@ -§ __— between fires:
S 2 & < 19842020
o < 230 years
£Q between fires:
§8 ——— 1 historical average
7S 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Year

csfs.colostate.edu




Forest Types ST

Elevation (feet)

COLORADD STATE

\ UNIVERSITY ’
subalpine >
meadow -~ spruce-fir
12,000 Sty forest
wet mixed-
11,000 conifer
dry mixed-
conifer
10,000
9,000
8,000 spruce-fir ‘fﬁ?
@ aspen
douglas- #‘
/ —] fir  ponderosa
7,000 / gingoi il
~. juniper
I cottonwood
—
6,000

i

[ 4 grass & shrubland
Sheltered Slopes Open Slopes Exposed Ridges
N NE NW SE SwW S
Wet Dry

Moisture Gradient

From: Addington et al 2018

csfs.colostate.edu




COLORADO STATE
FOREST SERVICE

COLORADD STATE

\ UNIVERSITY ’

Legend

R e
‘ Pinion Pine

Engleman Spruce

K
%%
ol i Sub-alpine fir éz\
| » O[}
§ Whitc fir B Aspen 'OG
: M8  Gambcl's Osk and other Shrubs
Douglas fir
: o,
F  Bluespuce i sty ©

From Remke et al. 2021

csfs.colostate.edu



ORADD STA
\ UUUUUUUU Y ’

- Ponderosa pine [T [FI LI
and dry mixed- el
conifer

» Frequent (10-40 |+ s
years) fire oo
o Varying severity il e

» Variable horizontal #-#k -
and vertical spatial e E

of o . Bl A >
8 oo oo o P P ESTHEN ol . -
[ ] . 7 z N e G . 3
& Leltireiil ® .l 0, L
configuration g R
el ® WL -‘T“ - [’ . = a " [ . .
- - -;3:- Ceidle e o | P e .

O Productivity l;rom:Addington eta.l. 2.018 e
o Species

csfs.colostate.edu



FOREST SERVICE

COLORADD STATE

Fine woody debris Tree densty Pre-wildfire During Wildfire Post-wildfire
L - L] = -3
bt
m
. Q
Tram - T —— :
| =
= e = |
Framques al—i Thn =il —
T 11 8 18 8 28 @ 87 24 S8 o8 Ll
Coarse woody debris - sound Basal area =
=
o
. =
e [ - -iE
E T b - Pre b - 1
T ha s P ‘r‘ i Thiabflrs b p-
c
6% 68 18 15 36 34 A& 38 &4 03 &4 &F o8 OF 18 14 m
Coarse woody debris - roflen Canopy cover é
o i
[ = ] P o
' B =
A
Thas: S i T, i =
(2]
' i >
Theh o Tt | f—————i o
+
£
B r 4 @ & W CUB Y T I 1 0 —PE
b et Lire s et sirw

From: Fule et al. 2012 From: Davis et al. 2024

csfs.colostate.edu




Upper Montane

Cool/Dry and Cold/Wet

Includes lodgepole pine
forests

Increasing shade
tolerant
species composition

Fire return interval
varies on the scale of
decades to centuries
o Higher-severity trend
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* Fire return
Intervals long
(centuries)

« Short growing
seasons and reliance
on snowpack

* |nsect and Disease
Issues
o Defoliators
o Root disease
o Bark beetles
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What is treatment
effectiveness?
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B Trected, Non-Rx Fire
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Ovariop
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© Bum Severify Field Plols

Vorster et al. 2023 Journal of Forestry

Journal of Forestry, 2024, Vol. 122, No. 1

Table 3. Ecologcal metncs of reatmant effects on waldiire, ther detinion, and comman measures used 1o evaluste the impact of reatment, and

citations that use these metrics in empinical studies
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Monitoring Forest Treatments

1. DI%FINE area of
« CSFS established a management
. . o .jectlves, an
monltorlng prog ram ’ time frames.
In Iate 2022 5. MONITOR and S ASEEES T
o FRWRM, HFVC cecvenes of chang impactsan
imp emente vuinerabilities Tor

O Major goaIS actions. the area of interest.

= Assess ‘ '

treatment outcomes

3 4. IDENTIFY and 3. EVALUATE
- CharaCterlze implement management
treatment types adaptation objectives given
approaches and projected impacts
m Carbon accounting tactics. and vulnerabilities.

a

Swanston et al. 2016; Janowiak et al 2014;
Nagel et al. 2017
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RRT: A Framework for Climate

Adaptation T

Manage for Persistence Manage for Change
Ecosystems are still recognizable as being the Ecosystems have fundamentally changed to
same system (character) something different
RESISTANCE RESILIENCE TRANSITION
*P =777 TP M'W\/\/\/V?ﬂ'i b f T

et e\ | inirk

, ., ~_ ., \"-.__ - ,

T = Tuug * Tuag *

Millar et al. 2007, Swanston et al. 2016, Nagel et al. 2017
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( T~ ) Colorado House Bill 22-1012
: An Act ) Wildfire Mitigation And Recovery

e Use USDA’s USFS Forest Inventory and Analysis
program data

o — * Develop tabular data of carbon flux and stock estimates

MecCor Miclseklan, huelson Jenet, Mullica, Driiz,

e Wi » Across all forest types, ownerships, and carbon pools

engriodl, Winter, Fenberg.

HOUSE BILL 22-1012

) B (1) "CARBON ACCOUNTING FRAMEWORK"™ MEANS A MODEL THAT
el e aee e S USES DATA FROM THE FOREST INVENTORY AND ANALYSIS PROGRAM OF THE
{IONsKT); and sdd (9.6) and ( 10)s)1V} as fallows

UNITED STATES DEPARTMENT OF AGRICULTURE'S FOREST SERVICE TO

DEVELOP TABULAR DATA OF CARBON FLUX AND STOCK ESTIMATES FOR ALL
FOREST TYPES AND WOOD PRODUCTS IN THE STATE OF COLORADO

NR

)

S
‘ FIRE

LE_DA m Forest Service
I ] U.S. DEPARTMENT OF AGRICULTURE

NATURAL RESOURCE ECOLOGY LABORATORY



County & Regional Differences
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A) Carbon stock of Colorado counties for forested lands from FIA plots measured between 2010 and 2019. B) The average annual net
flux is shown for Colorado’s forest lands remaining forested for plots measured between 2002- 2009 and 2012 - 2019.
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CSFS FIA Program Geography

COLORADO STATE

2001 - 2023
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Forest Health Monitoring

Forest Health Program - Bark Beetle Trapping Locations 2024
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« In 2023, 3 new staff using

BIL: 145 landowners

« 51,850 semiochemical

packets across CO

« 86 traps for 5 spp. of bark

beetle deployed

 New research protocoal,

FMPs & pollinators,
response to “Colorado
Native Pollinating Insects
Health Study”; collaborators

« Established 16 plots this

year for monitoring.

2023 Insect and Disease Activity in Colorado

Aorial Detection Survey - Colorado 2023 - All Major Pests
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Forest Tracker
o Data cleaning, web apps, remote sensing
FRWRM treatment monitoring

o Provide guidance to technical advisory panel and
FRWRM administrators

o Prescription development (ongoing)
Carbon
FIA- USDA RMRS
Insect and disease

o Info on timing
o Pollinators

2023 Insect and Oisease Activity in Colorado

4 T W e
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Shade tolerance
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Niinemets, U., Vallardes, F., 2006. Tolerance to shade, drought, and waterlogging of temperate Northern Hemisphere trees and shrubs. Ecol.
Monogr. 76, 521-547 (Ecological Archives M076-020-A1).
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Cold tolerance
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