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Alt title: A triage map for finding at-risk ponderosa pine cones
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Background

Main intent: support strategic cone collection operations.

This study compliments a LAMRC-UCD project that digitized the seed lot
inventory & explores analog climate applications for reforestation with
development of the Climate Adaptive Seed (Lot) Tool (CAST).

We developed a method for ranking high-risk seed zone/elevation bands by
species to better inform cone crop scouting.

This work contributes to integration of 3 projects with recently funded research
by Dr. Emily Moran, UC Merced. That project will incorporate her modeling of
mast years with this risk assessment approach and the CAST tool.



Presentation Outline

. Why a Triage Assessment?

. Developing species range maps for 5 conifer species

. Environmental Risks

a. Climate Exposure and Classifying Risk to each SZEB

b. Fire Intensity Risk and High Intensity Fire Risk to each SZEB
c. Combining Climate and Fire Intensity Risk for each SZEB

. Assessing Operational Priorities of each SZEB

a. Current Landowner Seed Demand

b. LAMRC-generated Projected Seed Demand

c. Current Supply (as of 2020)

. Final SZEB Ranking for scouting



850 — Historic 10 Year Averages — 9 —1100
= Precipitation :
- 750 — Minimum Temperature
E CwD — 8 —1050
S 650 o £
S < E
- 7 —7 g 10005
= ' : ‘ = =
e 550 < | = g
[$) :
0 :
o \ . 6 — 950
450 — :
350 — . Ls — 900
P A S L R L
QNN NYHT Y HEVYOHOHOOAANDS OO
RRORORAIIIIIIIIIIIAIR
l Wieslander
| » Year
) N
i - Triage
N
A “a preliminary assessment of
d;:, 3 4 (patients or casualties) in order to
S s (e ] determine the urgency of their
= g need for treatment and the nature

of treatment required” Oxford
dictionary

I Ponderosa Pine, 1930s T
I Conifer Forest, Modern
[_] Wieslander Survey Extent
[ Yosemite National Park

—— Highway .

e 157
0 10 20 40
s Miles




1 Cone Survey [lune - Iy

AL FIRE Foresters ideniiby oreos where confer cone crops are

\ 3 present in a lorge stond of rees. They report that information o .
70, Planting (Winter - Spring) CAL FIRE's LAMRC stcff hor follow-up. “»  Z Cone Sampling and Cone

Yhen londowmens receive their seedings, they are

plantad ini the hald, usvally in areas aHecied by a
wildfire. Hovwaver, some cusiomers plard confer
seedirgs for cther purposes such os pest coniral, wind
breaks, and landscaping. Who krows, maybe these

seadlings will become a seed sounce one dayl

7

ﬂ Liﬂing Decambar)

Uince the proper size iz reoched, seedings
are lfied out of the Siyobcam conlginers,
graded for quality, and packed iro bowes.
The szedlings are placed in cold siomge
for 1 = 3 months uniil they are picked up
by the landowmers who ordered them.

)

a Gmwing {March = Movember]
Cinee the seeads have sprouted, they are
moved io a coverad cuidoor growing area
called o shode house. It iokes & - B monihe
far the saedlings io grow 1o the ideal height
of 10°, Curing thol time, seadlings ore
walered, ferilizad, moritored for pests and

diseases, and himmed os necessany.

. |

E-Sﬂ\\"il'lg {February

Alter e seeds srality for 7 = 18 weeks, it is lime to begin
sowing. LAMEC waff prepore soil mixures and sow the
seads in Styrofoom containess. Once the contginers are

Lo

*ayl

labeled, they are ploced in a greenbouse, whens they will

growe for the nest & = 8 months.

B 'g- S--dling Stratification (rovenber - Janvary =
Alter seeds are weighed out, they are sooked in waoler for | - 2
days and placed in 35°F cold siorage 1o begin the siratificotion
precess. Siratificotion beeaks the seed’s dormancy and simulaies

condiions the seads experience in nahre.
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Collection [Avgust = September]
Zones and seads from poterdial cone crops identifed
from surveys are sampled io test for seed quality prior 1o
coladion. IF cones ond seeds mest LAMBEC stondords,
a cone collection will oozur Once collecied, corifer

crops ane deliverad ho LAMRC for processing.

"

J. Cone Processing and
Seed Extraction
[Oddobar = Fabruary)

Sead processing begins by drying oul the
cone crop and breoking apart the cones
with o large fumbler 1o axiraci the seed.
The saeds are than seporarad from ather
debriz ond lob tested to abigin imporant
irformation necessary for successful sowing
baboer baing placed infa cold siomge,
also known as e Sead Bank.
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4 Seed Storage
Oince seeds are fesied, they are packaged,
lnbeled, ond placed in the Sead Bark, o O°F

treezer uzed for long-lem shoroge.

"4

5. Seedling and Seed Orders

landowmars reach out bo the Reforessafion Center fo
ploce o seadling or seed order. LAMREC saf identity
the approgriote saed lols mabching the landowner'’s
plonting site to ersure seedings will be

well-odopted for grawing in that locaticn.
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Developing species range maps
5 conifer species
Pinus ponderosa example

1. Digitize the range
described by Griffin &
Critchfield (G&C,
1972)

2. Reduce the G&C extent
-by elevation limits in the California Jepson
Manual
- by any tree or shrub WHR type that does
not include the species as a primary or
typical species in its type description

Pinus ponderosa

- Group of stands more thon 2 miles ocross
Stands less than 2 miles ocross or of unknown s

———— Probable limit but no type data

3. Add areas extracted from

-veg maps from CDFW or NPS
-polygons digitized from the
original 1940s Wieslander
vegetation type map (VTM)
surveys

-available point data

Jepson Herbarium

>30 vegetation plot surveys

4. Reduce by

Water bodies (USGS)
WHR types e.g. Urban
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| | california
B Pinus lambertiana

* PILA: 28,494.2 km?

ABCO: 44,159.8 km?

| | california
B Abies concolor

WL

| | california
s Bl Abies magnifica
. ABMA: 10,998.4 km?

| | california
B Pseudotsuga menziesii

PSME: 53,163.9 km?



Environmental Risks

Workflow estimating climate exposure across a species’ range

1. Run a climate exposure analysis (R)
a. characterize the climate space of each PIPO grid cell with inputs from the USGS’s Basin

Characterization Model (BCM) for
-one measured/ historic time period (1981-2010)
-three projected/ future time periods (2010-2039, 2040-2069, 2070-2099)

*For future time periods, at least one global climate model and one emissions scenario is also required; we used
the MIROC 5 global climate model (hot and dry with a mid-century drought) and business as usual high emissions
scenario Relative Concentration Pathway (RCP) 8.5. (Thorne et al. 2015; 2020)

b. rank each cell that falls within PIPO range by the frequency of the climate conditions it
occupies in the measured/ historic time period (1981-2010) across that range

1981-2010 2010-2039 2040-2069 2070-2099
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I 0.99 - 1.00
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Accounting units will be SZEBs
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Il Pinus ponderosa
[ California

740 SZEBs intersect with Pipo range



Identifying SZEBs limited to Low Climate Exposure Risk Category —

Limiting selection to the hot dry end of the range

1. Group SZEBs on the the
wet and/or cold end of the
range’s distribution if

- 10% wettest (Pipo
SZEBs with the highest
mean 1981-2010 mean
annual precipitation) or

-10% coldest (Pipo SZEBs
with the lowest mean
1981-2010 mean maximum
annual temperature)

=

-

California
Il High Precipitation SZEBs
Pinus ponderosa

[ California
Il Low Temperature SZEBs
Pinus ponderosa

3. If a SZEB met these conditions

It was limited to the lowest climate
risk category regardless of exposure

*184/740 Pipo SZEBs were limited in this
way

2a. Identify areas unlikely
to currently contain
reproductive stands of the
species due to

CWHR type = urban,
pasture, cropland

High Severity Burns

2b. Tabulate remaining
PIPO area per SZEB and
identify SZEBs now with <
2 cells
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Workflow for Climate Exposure Risk Categories —

Risk by Pipo range x SZEB x time period

1. Calculate mean climate exposure value of each SZEB for each of
: T e e Y, California SZEB Climate the four time periods (1981-2010, 2010-2039, 2040-2069, 2070-
YL * Bl Water Exposure Risk 2099)

[ ] Sz/EBs Category

af‘% N Low thru 2099 Non-analog (NA) cells are assigned a value of 1.01 before the mean is calculated
Sk Mod 1981-2099
™ High by 2099 . . e ge .
) WX High by 2069 | 2- Assign SZEBs identified as cold/wet/low PIPO extent into the
B e N B High by 2039 | “Low thru 2099” climate exposure risk category
B A I High by 2010
-~ : 3
A I
N ! "% , 3. For the remaining SZEBs (556), assign climate exposure risk
4 & - o &> . . .
{ U 4 categories in the following order:
A Cow < v -1981-2010 SZEB mean 2 0.95 - “High by 2010” (5)
0 50100 -No category yet assigned + 2010-2039 SZEB mean 2 0.95 = “High by 2039” (4)
BN« -No category yet assigned + 2040-2069 SZEB mean = 0.95 = “High by 2069” (3)
m

-No category yet assigned + 2070-2099 SZEB mean = 0.95 = “High by 2099” (2)
//( -No category yet assigned + any period SZEB mean 2 0.80 2> “Mod 1981-2099” (1)

-No category yet assigned = “Low thru 2099” (0)

Y ™, The number that follows category labels in parentheses will be used to assign a combined
climate exposure and high fire intensity risk category later

4. Climate exposure per SZEB is taken for all PIPO cells, but display
removes any recent high-severity burns, unsuitable WHR types
and low-area SZEBs
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1980-2010 2010-2039 2040-2069 2070-2099

| california SZEB Climate
B Water Exposure Risk

[ ] szEBs  Category
77 Low thru 2099

Mod 1981-2099

High by 2099

[ High by 2069

I High by 2039
I High by 2010

| water
i [ szess

0 50100

BN«




Number of SZEBs in Different Climate Exposure Classes

250
200
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-
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Low Moderate H2010 B2039 m2071 2099

Of 126 SZEBs in PIPO’s 0-2000’ elevation, 22 are at high climate risk in the baseline time period with 17 more either
projected (or have become since 2010) to be in high climate stress conditions by 2040, and totaling 51 (40.5%)
by 2100.

The remainder stay in low or moderate projected climate stress. There is a in the 2000-4000’, 4000-6000’, and
6000-8000’ elevations, with 19.4, 25.4, and 23.9% of their respective SZEBs showing high climate stress by 2100.

The upslope climate stress progression is seen, these elevations show a higher proportion of SZEBs entering
high climate stress by end-century, relative to the number currently in high exposure.



SZEBs Limited to Low Fire Intensity Risk Category

1. Generate a raster index for high intensity fire risk in 2023 fire year based on
-the Fire Return Interval Departure (FRID) raster data’s mean reference fire return interval
-the FRID’s years since last fire (YSLF) field updated through 2021 combined with 2022 burn perimeters

from Rapid Assessment of Vegetation Conditional After Wildfire (RAVG) dataset to update through

the 2022 fire season
-the formula 1-(meanRefFRI/YSLF)

*Resulting negative values indicate that a cell has burned within the range of its meanRefFRI while the

higher the positive value, the longer its been since the last fire relative to the meanRefFRI (i.e. the

higher the relative fuel load and so the higher the risk of high intensity fire)
-Low =0to 0.33, or 0 to 1.5 x the meanRefFRI

- Moderate =0.33to 0.67, or 1.5 to 3 x the meanRefFRI

- High = 0.67-0.904 (max observed), or 3 to ~10 x the meanRefFRI

California  Relative Fuel

Bl Water Negative
Low
I Moderate
I High
. . ’;“’% .
!
“\.,
N
IR
‘ 5 v
0 50100
NN km

2a. Identify areas unlikely to currently contain
reproductive PIPO stands due to
- CWHR type (e.g. urban, pasture, cropland)
- High Severity Burns

2b. Tabulate the remaining species area within each
SZEB and identify SZEBs now with < 2 cells

2c. If a SZEB had < 2 cells after CWHR types or high
severity burn areas are removed, this SZEB was limited
to the lowest fire intensity risk category regardless of
relative fuel

*Before area reductions, 47/74 Pipo SZEBs had 1 cell; after,
74/740 had 0-1 cells and were limited in this way
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Assigning High Burn Intensity Risk Categories

California

B Wwater
[ ] Sz/EBs

SZEB High
Intensity Fire
Risk Category

I <Null>
Very Low

Low

Moderate

1. Calculate the mean relative fuel load heading into the 2023 fire year

* Cells with a negative value are reclassified as “0” before the mean is calculated

2. Assign any SZEBs identified on the last slide (low area) into the “Very Low”
high intensity fire risk category, regardless of their mean relative fuel load
values

3. Because the underlying fire return interval departure (FRID) dataset does
not assign a mean reference fire return interval value to every grid cell in
California, some very small SZEBs may have a <Null> mean value

*28/740 P. ponderosa SZEBs were assigned a “Null” value, but only 1/740 had not already
been assigned into the “Very Low” high intensity fire risk category due to low area

4. For the remaining SZEBs (555 for P. ponderosa), assign high intensity fire
risk categories as follows

-SZEB mean > 0.67 > “High” (3)

-0.67 = SZEB mean > 0.33 - “Moderate” (2)

-0.33 2 SZEB mean > 0 = “Low” (1)

-SZEB mean = 0 = “Very Low” (0)

*The number that follows category labels in parentheses will be used to assign
a combined climate exposure and high fire intensity risk category later

5. Although the mean relative fuel rating for each SZEB is taken across all grid
cells in the PIPO distribution per SZEB, display SZEB high intensity fire risk
categories but remove grid cells identified as low area, recently burned at
high severity, or CWHR type unlikely to currently include the species like
“Urban”
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Combined Risk Cateqories

SZEB Climate
Exposure Risk
Category

Low thru 2099

Mod 1981-2099

High by 2099
[ High by 2069
I High by 2039
I High by 2010
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categories (0-8)

1. Sum SZEB Climate Exposure Risk Category Values (0-5) and SZEB High Intensity Fire Risk Category Values (0-3) to assign 9 combined risk







Current Demand (0-1)

Operational Priorities

Workflow Operational Priority Categories

+ Projected Demand (0-3)

+  Current Supply (1-4) =

Operational Priority (0-8)
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[] szs

0 50100

W km

California  SZEB Current

1. Assign a Current
Landowner Demand
category to each
SZEB based on
LAMRC orders

- SZEB in a high
demand SZ-> “High”
(1)

- SZEB not in a high
demand SZ=> “Low” (0)

2. Assign a Projected Demand
category to each SZEB based on the
projected bushels of seed needed to
reforest 25% of privately owned
forested acres

- 50+ bushels = “High” (3)

- 10-50 bushels = “Mod” (2)
- 0-10 bushels = “Low” (1)

- 0 bushels = “None” (0)

g &i; i [ California  SZEB Projected California SZEB Current
Landowner 4 Bl Water Demand Bl Water Supply
Demand ” [ ] szEBs Category ¢ [ szEBs Category
Category B High I None
I High I Moderate B Low
B Low Low Moderate
s [ None 5 g I High
{%: & l »* 3 > b “
c ’ & . . 2:&1 2 .
A b 'Q * B G
k
3 . Fi
% A |

SZEB
Operational
Priority Category

Low I
0 1

Mod

California

Bl Water
[] szeBs

2
3. 4.5

High I I
6 7 8

3. Assign a Current Supply category
to each SZEB based on the LAMRC
seedbank’s 2021 inventory

- 0 bushels = “None” (4)
- 0-10 bushels = “Low” (3)
- 10-50 bushels = “Mod” (2)

- 50+ bushels = “High” (1)

4. Sum SZEB Operational Demands
Current Demand (0-1), Projected
Demand category values (0-3), and
Current Supply category values (0-4)
to assign 8 Operational Priority
categories (0-8).
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SZEB Combined Risk Category

Final SZEB Rankings

SZEB Operational Priority Category

SZEB Combined Risk & Ops Ranking
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SZEB Ranking:
Combined Risk &
Operational Priority

B Top 10%

Bottom 10%




540_3000 - 3500ft
570_5500 - 6000ft
560_5000 - 5500ft
560_6000 - 6500ft
570_2500 - 3000ft
570_3000 - 3500ft
570_5000 - 5500ft
540_2000 - 2500ft
540_2500 - 3000ft
792_6000 - 6500ft
560_5500 - 6000ft
521_500 - 1000ft
516_6000 - 6500ft
521_5500 - 6000ft
522_6500 - 7000ft
570_6000 - 6500ft
962_0 - 500ft
997_4000 - 4500ft
560_4000 - 4500ft
560_4500 - 5000ft

Climate Exposure
Risk Category

High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2010 (5)
High by 2039 (4)
High by 2039 (4)
High by 2010 (5)
High by 2039 (4)
High by 2039 (4)
High by 2010 (5)
High by 2010 (5)
High by 201¢ ‘=

High Intensity
Fire Risk
Category

High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
High (3)
Moderate (2)
High (3)
High (3)
Moderate (2)
High (3)
High (3)
Moderate (2)
Moderate (2)
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Current
Landowner
Demand
Category

High (1)
Low (0)
Low (0)
Low (0)
Low (0)
Low (0)
Low (0)
High (1)
High (1)
Low (0)
Low (0)
High (1)
Low (0)
High (1)
High (1)
Low (0)
High (1)
High (1)
Low (0)

I ~vas INN

Demand
Category

Low (1)
Moderate (2)
Low (1)

Low (1)

Low (1)

Low (1)

Low (1)
None (0)
None (0)
None (0)
Low (1)
Moderate (2)
Moderate (2)
Low (1)

Low (1)
Moderate (2)
Low (1)

Low (1)

Low (1)

I~ 12

LAMRC-Projected Current (LAMRC
2020) Supply
Category

None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
Moderate (2)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
None (4)
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Pinus ponderosa
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Next steps-
Adoption of the approach
Digitizing another 15-20 tree species’ ranges
Combining w/ UC Merced’s Tree Masting Model, UCD’s Climate Adaptive Seed Tool (CAST)
Seeking to include other seed inventories
Using the base maps for:
better yearly tracking of scouting efforts
tracking changes in condition across species’ ranges

F Photo credit Rob York

California

Photo by Tom
Story.

Thank you!
jhthorne@ucdavis.edu

Photo credit Kim Ingram
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