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Sustainable Harvest Calculation | WA

Generating a perpetual supply of revenue on state trust lands for trust beneficiaries requires
responsible management with an emphasis on long-term sustainability. A major component of
DNR’s approach to sustainable management is calculation of a sustainable harvest level, which is
the volume of timber to be scheduled for sale during a planning decade according to applicable
laws, policies, and procedures (RCW 79.10.300)(5).

DNR is required to set a sustainable harvest level by Washington state law. Specifically, DNR must
periodically adjust acreages designated for inclusion in the sustained yield management program
and calculate a sustainable harvest level (RCW 79.10.320). Sustained yield means harvesting on a
continual basis without major prolonged curtailment or cessation of harvest (RCW 79.10.310). The
sustainable harvest level is a policy decision that requires approval from the Board of Natural
Resources.

[S]eparate sustainable harvest level[s] for forested state trust lands located east and west of the
Cascade Crest because growing conditions and management strategies [differ].

https://www.dnr.wa.gov/shc



https://apps.leg.wa.gov/rcw/default.aspx?cite=79.10.300
https://apps.leg.wa.gov/rcw/default.aspx?cite=79.10.320
https://apps.leg.wa.gov/rcw/default.aspx?cite=79.10.310
https://www.dnr.wa.gov/about/boards-and-councils/board-natural-resources
https://www.dnr.wa.gov/about/boards-and-councils/board-natural-resources
https://www.dnr.wa.gov/shc

DNR Managed
EWA Lands

DNR Managed Acres

Forested 756,000

Non-Forested 803,000

Total 1,559,000
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FVS Growth Modeling

Essential FVS: (usda.gov)

Variables that must be recorded for all trees:

e Plot Identifier

* Species
e Diameter at Breast Height (DBH)

Other variables, however, serve to better describe unique site and tree characteristics

and will improve the resolution of the projection.

The model will accommodate up to 3000 individual tree records (per stand).


https://www.fs.usda.gov/fmsc/ftp/fvs/docs/gtr/EssentialFVS.pdf

Remote Sensed - Forest Resource Inventory System (RS-FRIS
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Radius

7.4 feet

Area

1/250% ac

Sample
Trees

Live trees > 1 foot tall and
< 2 inches dbh

Plot type 3:
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Plot type 2:

Radius | 18.6 feet

Area 1/40% ac

Sample | Live trees = 2 inches dbh
Trees and < 5.5 inches dbh

Plot type 3:

Radius | 37.2 feet

Area 1/10% ac

Sample | Live and dead trees 2 5.5
Trees | inchesdbh




RS-FRIS Plot ewer' -
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(6 !iil.'.: [Multiple Fields] ©, Search ~ | Open Plot Page RS-FRIS Plots
Date Measured Plot Name Region District Species [Primary) BA [Basal Area) Height: Largest Value QMD [Quadratic Mean Diame.. DBH: Largest Live TPA (Trees per Acre)
2018/08/29 116465 Pacific Cascade Yacolt DF 1927 127 16.5 237 130.3 i
2018/08/28 397934 Northeast Arcadia PP 934 51 52 n3 6211
2018/08/28 113573 Pacific Cascade Yacolt DF 2931 136 81 32.9 8242
2018/08/28 114535 Pacific Cascade Yacolt OF 1607 85 83 152 4308
2018/08/28 127988 Pacific Cascade Yacolt DF 692 76 126 16.3 80.2
2018/08/28 127008 Pacific Cascade Yacolt OF 983 776 72 127 3507
2018/08/28 129887 Pacific Cascade Yacolt DF 277.9 130 53 29.8 1847.1
2018/08/28 133728 Pacific Cascade Yacolt OF 14 &7 o7 1 5064
2018/08/28 128956 Pacific Cascade Yacolt DF 1937 891 3T 16.6 2579.5 i

Record I0: 7e99618b-8de3-49b0-b24f-218964522ckb 2,820-2,828 of 4,612




RS-FRIS Plot Viewer: Q

Plot Metrics Tree Records
Field Value Q- Al Figlds
Rl kit i N Trees Measurements Volumes Biomass & Carbon
sample Date 2020-08-1312:2.. N PT sts Sp Note
4 B Count XFAC TPA DBH Ht HLC CR CFgt. CFgm CFom BFg BFn  CFgb LbAB  LbAC
¥ 11989333 D 30 WH 1 1002 1002 125 % 31 61 34 30 30 15030 34 1378 689
Elevation 3073 @z [z | OF 1 1002 1002 156 93 B3 36 48 bk i 20 W 45 191 955
+  Species [Primary) DF Y&z 1 DF 1 002 1002 73 %0 & % 1 8 e A e e e e e,
+ BA(Basal Area) 3295 Dle 3 1 w1 1002 1MW02 6 M5 72 37 68 63 ‘E:';S"fi‘:i“f::“f:::f LSRR
+ Volume: Board Foot [Gross)  51703.2 D 5 3 0 0F 1 1002 1002 165 20 [ 8 ;
+  Canopy: Layer Count 1 @6 |3 | wL o1 1002 1002 15 120 4 63 54 50 50 250 50 50 2127 1063
+ Height: Largest Value 21 27 3 | RC 1 1002 1002 62 35 18 49 3 2 2 10 2 2 74 3
+ OMD [Quadratic Mean Diamet.. 9.5 @8 [3 | wL o1 1002 1002 87 & 4 & 0 15 15 80 15 15 B67 334
+ RD [Relative Density) 1069 D8 3 N1 RC 1 002 1002 57 32 W 5% 3 2 53 Fij
+  SDI:Sum (Stand Density Index] 5617 @i [3 | wL o1 1002 1002 153 121 82 32 56 52 52 b2 [ 7 53 226 12
+ Snags:DBH 20" (Per Acre] O Din 2 |1 WH 1 4007 4007 3 7 1M @ 0 18 g
+ TPA(Trees per Acre] 6713 @lr [3 | RC 1 1002 1002 109 60 13 78 16 13 3 60 13 15 823 M
DB 3 0 DF 1 1002 1002 B4 52 0 5 3 3 20 3 4 158 79 dead
B3 | wL o1 1002 1002 134 108 75 3N 39 36 36 180 36 37 1084 547 conks
DE (3 1 OF 1 1002 1002 158 M0 72 35 55 51 51 20 5l 52 2216 1108
® 3 WH 1 1002 1002 88 B3 24 62 1 ] 8 50 8 1 224
D7 |3 0 DF 1 1002 1002 B8 25 0 & 3 3 10 3 3 W T dead
8 3 0 DF 1 1002 1002 108 T 019 16 16 80 16 7 T 3m dead ' ; '. h
D13 RC 1 1002 1002 75 M 13 68 B 4 4 20 4 5 138 69 .
20 3 1 WH 1 1002 1002 B1 56 25 58 5 3 3 10 3 4 162 81 & -
+ ||
DDWM Records | _|

Q- All Fields

Az N Sp  DC Length Gross Volume CuFt/Acre
Transect  Small Large

120 1 or 2 19 4 4 (] 8 {
2w 2 o & 2 7 5 g 366 i
120 3 o 3 31 g 8 10 605 g
120 & ot 3 14 5 4 (] 187 )
120 § ) 3 ] 9 9 10 605
120 6 RC & 25 13 n 16 1261
120 7 ot 4 ] (] 3 (] 269
120 8 o 3 33 g 6 g 605 =
120 9 o 3 16 6 4 & 269 %
120 10 ot 5 20 8 ] 10 478 §
20 1 or 5 16 4 4 5 119 & —-
2m 2 or 4 21 ] B 1 605 R e . Leaflet | © USGS




Components involved:

Tree Data from RS-FRIS Plots:

. . %,L( : -.:,.}:q: T
Species, DBH, Height P »% el
{ “1\ o & Nertheasn
(;) . \’L.(MK Patal : K o o I
RS-FRIS Raster Variables A B
. b L g
1. Total Cubic Volume § ot
(\ 5?-.:.' SSSSSSSSS
2. Heights of the Largest (DBH) Trees |
3. Percent Tree Cover [
\‘i:"_\/ ,,,,,,,, gl a
= BFVOL_GROSS
0 - 2500
These three raster variables have the least amount of [ 2501 - 10000
variation when compared to traditional cruise data. 01 - 3000
[ 30007 - 40000
140007 - 50000
[ 50007+

Low Estimate = High Estimate




Stand Treelist Imputation

Why? FVS needs lists of trees to represent stands.

1) Gather Data
a) Normalize RS-FRIS plot data for FVS input

2) Group (raster) stand-grids into bins, by volume
3) Match RS-FRIS plots to stand bins by ecotype

4) Impute all stand-grid volume-bins with the
ecotype-matched, plot treelists




Plot <-> Stand-Grid (Bin)

Assigns the best matching RS-FRIS plot to a target stand-grid
in terms of having the smallest difference between variables:

o Metrics: o Climate:

* Heights (ht_t40) * Moisture

* Cover * Elevation

* Volume (cfvol total)  Temperature
Goal:

Find out what plot treelist is most appropriate for a grid cell.

DNR Draft: Subject to change at any time.
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R6 Class: Imputer

initialize debug
selfidebug = debug
selfiexplore = explore
print{"Initializing a new instance of the Imputer class.”
run

Tl = sys.time

self:.imputedebug, explore

t2 = Sys.time

elapsed = t2 - t1

print(elapsed

» explore , Fun

il Imputer inew(run ,» debug

i2 Imputer inew(run » debug

12 make cluster

12 1mpute 12 debug, i2 expTore

. impute
Tl = Sys.time
debug

debug, explore, name_ref=".1impute()"”

selfimake_cluster

selficluster

ptm proc. time
selfiptm = ptm
print("Beginning
print ptm

pr1nt Proceeding

5e1f trees
print(proc.time
print("Proceeding
selfistands
print(proc.time
print(“Proceeding
selfivolumes
print(proc.time
print("Proceeding
self imputatinnﬁ
pr1nt pruc t1me

pr1nt "proceeds ing
selfifris
print(proc.time

print(“Comparing current to historic data via FRIS.

explore
selfimap_eco_1
selfimap_eco_2
selfimap_eco_3
selfimap_eco_4
selfimap_eco_5
selfimap_eco_6
selfimap_eco_7
print(proc.time

pr1nt "Proceeding
selfiimpute_map
print proc. t1me
print("Proceeding
selfiplot_map
print(proc. t1me

fx_set_ c]uster

imputation.”

to QLEF} a]] trees from the tatabase

step 1 query_trees is ura£1e

ptm) # Stop the clock

to read all stand grids from the rR files."
.sTep_ Z_read_stands n , directory = diriinputs , name_prefix
ptm) # stop the clock

to group all it—n4 -grids in bins according to volume.”
.step_ 3_b1n_5tand_gr1ds stands, debug
ptm) # Stop the clock

to match R5-FRIS plots to stand-grid volume-bins by ecotype.’
.5tep 4_natch_ecutype trees, volumes, cluster, plot_file

ptm) # stop the clock

"plots_er

to read historic FRIS based numbers from the R file.”

fx_read_h1stur1c_acreage debug . directory = selfidirifris

ptm) # Stop the ¢

.Tx_explore_acreages(1, fris, plotsl, volumes, debug
.fx_explore_|pcreages(2, fris, plots2, volumes, debug
.Tx_explore_acreages (2, fris, plots3, volumes, debug
.Tx_explore_acreages (4, fris, plots4, volumes, debug
.Fx_explore_acreages (3, fris, plots5, volumes, debug
.Fx_explore_acreages (&, fris, plotsé, volumes, debug
.fx_Exp1ure_acreages , fris, plots?7, volumes, debug
ptm) # Stop the cloc

to 1mthE all stand-grids volume bins with ecotype matched plots.’
.5Tep_5_process 1mputat1nn5 imputations, volumes, debug
ptm) # Stop the cloc

to map all stand j|14J for percent difference in volume.

.step_ ﬁ_prepare_p1ut_mapp1ng impute_map, trees

ptm) # stap the €

print(sprintf ("Imputation wJ::EEJEﬂ RetU|n ing from ¥%s function.”, name_ref

t2 Sys.time

elapsed = t2 - t1

print elapsed
plot_map



i3 Imputer inew debug
i3make_cluster - TRUE D B ' -
i3icluster = i33.fx_set_cluster
trees = i3i.step_1_query_trees

i3ifis_oracle) # '7s_oracie’ gets set to FALSE, by defavlt, during instantiation [Impuierfnew()]
stands = i3i.step_2 read_stands

n ’

directory i3idiriinputs .

name_prefix = "vegeco”,

name_suffix "_dat_environ_standardized_v3rsfris_20210805. rds",

debug
volumes = i3i.step_3_bin_stand_grids

stands,

debug

imputations = i3i.step_4 match_ecotype
trees, volumes, i3icluster,
plot_file = "plots_environ_standardized_domspp_20210805.rds",
debug = i3idebug

i3ifris = i3i.fx_read_historic_acreage
directory = i3idirifris 1
name_file = "original_fris_ba_speciesv2.rds",
debug

impute_map = i3i.step_5_process_imputations
imputations = imputations,
volumes volumes ,
debug = i3idebug

i3iplot_map = i3i.step_6_prepare_plot_mapping
impute_map,
trees




Preliminary
Th O u g htS : . Fx_run_parallel E:gzgpe, plots, volumes, cluster,

foreach
dorarallel
envl environment
debug
browser

p ar La p p Iy target = .fx_return_bins(ecotype, volumes, debug

* Functional programming ents - c("ecotype”, "plots”, "debug”

clusterexport(cluster, arguments, envir = envl
e OOP R6 Class registerboParallel (cluster

y_neighbors = parLapplycl cluster,
X target,
fun . Fx_match_plots_2_stand_grid_bins,
ecotype = ecotype,
plots = plots,
debug = debug

y_df = as.data.frame rbindlist(y_neighbors

y_df

Known Issue:
Plot to stand-grid(s) matching

DNR Draft: Subject to change at any time.



Distribution thinning
and/or shifting around the target metric

Plot Distributions

0.0004

0.0o002 0.0003

0.0001

0.0o000

17000 18000 19000 20000 21000 22000 23000

Cubic Foot Volume Taotal

DNR Draft: Subject to change at any time.



Summarization

trees %>% group_by(
plot: id,
species,
status, dbh_m, ht m
) %>% summarise(
n =n(), # obsefvations
tpa = sum(trée_acre)

[} £ w fa =] =} =] =] =4} Ln £ w fa ik

L= N = - I T = i

plot_id
268803d5-aecd-4bf3-bBda-fraacc2fod3a
6390feb5-29e1-40df-95a1-dad 167825
c6074da0-5eb2-473d-a3cb-eeSbi6ch8cD
6390feb5-29e1-40df-95a1-dad 167825
df3b926d-154b-444c-a799-7219477034f1
43ed4603-3129-4102-997a-816a56a24109

S6a546cd-2679-4d58-balb-10312df1e4f0

Ak

WA
LP
GF
LP
WO
PP
DF

L1

Ak

Tree (Row) Records on Plot

60

Row Count

L1

30
20
1.0
20
4.0
0.0
0.0




Thank you for your time!

Jacob Beard
jacob.beard@dnr.wa.gov
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