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Revised Parameter Estimates for CACTOS Growth Models
by
Hui-Yi Yeh and Lee C. Wensel

Abstract

Revised growth coefficients are presented for the California (CA) Conifer Timber Output
Simulator {CACTOS). These coefficients, for both tree diameter and height growth, were
computed using data from three growth periods for over 600 permanent growth plots mamtained
by industry members of the Northern California Forest Yield Cooperative. Coefficients are

released in computer files that are read directly mto the CACTOS program on start up.

Introduction

The previous growth coefficients’ for CACTOS were built with diameter growth data measured
from permanent plots from 1979-1985 and height growth from stem analysis data collected in
1979 and 1980. These coefficients produced overestimates of growth for the second growth
period. The differences in the growth rates for the first two periods was a direct result of the
higher than average rainfall in the first period and the lower than average rainfall in the second.
Subsequently, a rainfall-based adjustment was introduced® as a temporary measure until the data
from the third remeasurement was available. This paper reports on the results of the fit of a
ramnfall-based model that was fit to the data for three growth periods. A complete description of
the model and coeflicients will be presented in a separate paper. This paper announces the
availability of the new coefficient files for CACTOS and presents a comparison of the prediction

errors for the different coefficient sets.

Growth and climate data
Data used here covered three measurement periods from 1978-1998 for the permanent growth

plots managed by the industry members of the Northern California Forest Yield Cooperative.

' The previous growth model coefficients are contained in the computer tile cofile.411 distributed with the CACTOS
program versions up through 6.4.
* This growth compariscn was reported in Research Note No. 40 (Wensel and Turnblom, 1994},
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These growth plots are distributed across forest industry lands in the central and northern Sierra,
the California Cascades, the Shasta-Trinity area, and the area on the ease side of the southern
Mendocino range. The initial measurements were during 1978-1983, the first remeasurement
from 1984 to 1987, the second remeasurement from 1988 to 1991, and the third remeasurement
from 1995 to 1998. The number of growth plots varies by period because some plots were
logged or lost due to change in ownership. The balanced data set consists of only the trees on
plots that were measured at all 4 points in time”. The unbalanced data set include ali trees that
have growth measurement for any of the three periods. Both data sets were divided into 2
subsets, putting the even-numbered plots into one sample for model fitting, and the odd-
numbered plots into the other for testing.

The climate data consists of annual precipitation for the water years (October 1 through
September 30) from 1970 through 1998 for 77 northern California weather stations outside the
Central Valley. A strong correlation was observed among the precipitation levels at individual
stations. The relative amount of precipitation was similar across stations within a similar
geographical region (Wense! and Turnblom 1998; Yeh, Wensel and Turnblom /n progress) and
the state was divided into three regions for climate summaries. Black Butte, Klamath, and the
sum of the Trinity Alps, Southern Cascade, and Sierra Nevada areas. The climatic variation
patterns within each of these regions are statistically the same, meaning that if one station has 30
percent more precipitation or higher temperatures than the average for that station, the other

stations in that region will experience the same.

Models and analysis

The form of the growth models developed in earlier papers by Wensel and Koehler
(1985) and Wensel, Meerschaert, and Biging (1987) was basically kept for this study. An
additional climatic variable, precipitation, was added to the model. Conceptually, the original
models express tree growth as a product of two factors, potential growth component and
competition component. The first component is intended to reflect the physiological capacity of
the tree while the second component is intended to reflect the competition on the site. In this
study, a climate adjustment was made on the potential growth based upon the precipitation level
present because water stress represented by a precipitation level may limit growth to reach its

potential. Also, a complete description of the models will be presented in a subsequent paper.

* On the “balanced” plots, there are mortality and ingrowth irees that were not measured ¢very time.
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For fitting purposes, only the trees on the “balanced” were used. These plots were
divided into two groups with the even-numbered plots being used for fitting and the odd-
numbered plots used for testing (except for red fir where number of plots was toc small to
divide). The model was further tested by applying the model to all trees that were available
measured in at least one period, the “unbalanced” plots. This later data set was considerably
larger since many of the plots were logged or were lost when ownership changed.

The actual coefficients are presented in the CACTOS coefficient file cofife. 603 which is
available directly from the authors or by downloading it from the CACTOS website

(bitp.//werw. CNR Berkelev. EDU/~wensel/cactos/cacioss. him ).

Comparisons

The average percentage errors for three coefficient sets are presented in the tables that
follow. These coefficients are (1) the set reported by Wensel and Robards (1989)", (2) the first
set with the adjustments for precipitation reported by Wensel and Turnblom ( 1998)° and (3) the
current set fitted to all three measurement periods.

Looking at the following tables one can see the improvements in the overall predictions
of tree diameter and height growth. Tables 1 through 4 illustrate the improvements in diameter
growth predictions using the three coefficient sets. Tables 1 through 3 present the results for the
three coefficient sets as applied to the balanced data set while Table 4 shows the effect of
applying the new coefficients to the full permanent plot data set, the unbalanced data set. While
there is considerable variation between the species within each table, the final table shows all the
percentage errors to be lower than 10% in absolute value except for red fir in the first period.

Table 1. Comparison of observed and predicted basal area growth using the previcus growth coefficients {cofile
411) without climatic adjustments for trees on plots measured all 4 times, the “balanced” data set (411_000).

| Number 1" period 2°% period 3 pericd

| of plots | Obs. Pred. Em % | QObs, Pred. Ex% | Obs. Pred. Emr %
PP 233 322 3.00 6.83 2.66 3191 -19.92 | 3.07 339 | -10.42
SP 136 261 2.34 10.34 2.64 2.52 4.54 | 3.05 2.79 8.52
1C 210 2.21 1.58 2851 1.32 1.63 10.44 | 2.26 1.69 25.22
DF | 175 3.98 3.34 3.52 375 428 | -14.13 4.17 468 | -12.23
WF 235 4.06 3.66 9.85 3.56 3.89 -9.27 4.16 4 40 -5.77
RF | 18 2.72 2,79 -2.57 3.01 3322 -6.98 3.18 353 | -11.01

* This set of coefficients is contained in the CACTOS coefficient file cofile 411,
k]
CJIFR
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Table 2. Comparison of observed and predicted basal area growth using the previous growth coefficients (cofile
411) with climatic adjustments for trees on plots reeasured all 4 times, the “balanced” data set (211_011).

Nuraber | 1" period 2™ period 3™ period i
of plots | Obs. Pred. | Emx% | OQbs. Pred. Er% | Obs. Pred. Err %
PP 233 322 3.00 683 2.66 236 1128 | 307 3.09 -0.65 |
SP 136 2.61 234 10.34 2.64 223 15.53 3.05 2.69 11.80
1C 210 2.21 1.58 28.51 1.82 1.21 33.52 2.26 1.55 31.42 |
DF 175 398 3.84 352 3.75 3.26 13.07 4.17 4.32 -3.60
WF 255 4.06 3.66 9.35 3.56 3.30 7.30 4.16 4.17 -0.24
RF 18 2.72 2,79 -2.57 301 291 3.32 3.18 3.42 -7.55

Table 3. Corparison of observed and predicted basal area growth using the new coefficients for both growth and
climate adjustrent {cofile 603) for trees oa plots measured all 4 times, the “balanced” data set. (603_111).

Number 1" period ! 2™ period 3" period

of plots | Qbs. Pred. Err % | Obs. Pred. Err% | Obs. Pred. Err %
PP 233 322 3.17 1.55 | 2.66 2.63 1.13 3.07 3.33 -8.47
 SP 136 2.61 2.62 -0.38 2.64 2.57 265 305 312 229
c 210 221 ] 208| 588 182|182 0 226 236 0
DE 175 3.98 3.69 729 375 3.87 -3.2 4.17 4.48 -7.43
WF 255 | 406 | 355, 1256] 356| 329 758| 4l16| 4.16 0
RF | 18| 272 233 | )434| 301 275| 864| 318| 300| 566

Table 4. Comparison of observed and predicted basal area growth using the new cocfficients for both growth and
climate adjustment {cofile 603) for trecs with any remeasurements, the “unbalanced” data set. (603 _112).

1" period 2™ period 3" period

Num. | Obs. | Pred. | Er% | Num. | Obs. | Pred. | Exr% | Num. | Obs. | Pred. | Er%
of | of of ? |
| plots { plots plots | i

PP | 336 584 3.90 -1.03 302 3196 3.87 2.27 263 3.74 382 -2.14
SP | 247 3921 402 -2.55 202 3.2 3.18 0.63 168 3.16 3.17 | -0.32
IC 332 349 3.49 0.00 | 297 2.64 263 0338 244 2.82 2.54 9.93 '|
DF 291 57| 322 842, 243 5335| 514 393] 215| 483 485| -D4l |
WF 419 7.56 7.22 4.50 346 572 5.4 5359 | 307 4.95 4.71 4.85 |
RF 46| 669 583 1211 20 459 425 741| 23| 334| 344 | 282\

The comparison of average percentage errors for height predictions is given in Tables S through
7°. As with the diameter growth predictions, following the results for a given species through the
three tables shows some variation in the success. There appears to be considerable room for
improvement for the various data sets even though most of the differences are less than 10%.

As viewed in Table 6 for the balanced data set, ponderosa pine, Douglas-fir, and red fir are
showing almost 14, 13 and 21 percentage errors in the third period while only red fir shows an

error larger than ten percent for the third period in Table 7 for the full data set.

¢ Wensel and Tomblom (1998) did not compute climate adjustments for height growth so there is no height table
equivalent to Table 2 for basal area.
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Table 5. Comparison of observed and predicted height growth using the previous growth coefficients (cofile 411)
without climatic adjustments for trees on plois measured atl 4 times, the “balanced™ data set (411_000).

Number 1* period 2" period 3% period
oftrees | Obs. |Pred. |Err% |Obs. | Pred |Em% |Obs. [Pred |Ex%
PP 969 | 499 538 -11.82] 388 546 4072 | 363 | 536 | -47.66
| SP 282 | 521 537 307 477 516| -818| 490 | 501 | -2.24|
L IC 613 354 | 29| 1751 286, 279| 245! 281[ 268 463
DF | 76| 541| 541 0| 442| 3533] 2059 434 517 -19.12
WF 1025 | 584 | 542 719] 476 527 -1071] 427| 522 -2225
RF 53| 545| 480 1193 48| 490 | -145] 366| 493 -34.70
|tk

Table 6. Comparison of observed and predicted basabsres growth using the new coefficients for both growth and
climate adjustment {cofile 603) for trees on plots measured all 4 fimes, the “balanced” data set. (603_111}.

| | Number 1* period 2™ period 3™ period
| ofrees | Obs. | Pred. | Err% | Obs. Pred. | Err% | Obs. Pred. | Em%
PP | 969 4.99 1.63 721 3.88 3.51 9.54 3.63 414 | -14.05
SP [ 282 521 579 | -1113 4.77 486 | -1.89 4.90 534 | -898
[ IC_ | 613 3.54 3.33 5.93 28 255 10.84 281 291 -3.36
Lpf i 716 541 533 148 | 442 439 0.68 4.34 489 | -12.67
| WF_| 1025 5.84 523 1044 | 4761 419 1197 427 466 | -9.13
|RF | 53 5.45 461 1541 483 4.67 331 3.66 446 | -21.86 |

Table 7. Comparison of observed and predicted height growth using the new ceefficients for both growth and
climate adjustment (cofile 603} for trees with any remeasurements, the “unbalanced” data set. (603 _112).

1" peried 2" period 3™ pericd |'
Num. | Obs. | Pred. | Er% | Num. | Obs. | Pred. | Em% | Num. | Obs. | Pred. | Exr % |
of of of

{rees trees | i _ trees |

PP 2812 514| 448 1284 | 1988 399 | 350 1228 | 1355| 377| 413 | -9.55 |

SP 772 | 543 539 -295| 573 | 464 | 466| 043 402 481 519 -790|
ic 1810 | 366 3.15| 1393 1367| 287 242 1568| 885| 281 | 28| -178
DF 1654 | 532 | 533 019 1458 482 433] 1017] 1092 | 463 ] 495[ 6.91
WF | 3313 | 546| 505] 751 | 2449 | 450| 405 1000] 1594 | 437 4.61 | -549
RF 2491 505| 4791 515 )21 501[ 462 7.78 82 | 414 462 ]-11.59

Using the new coefficient files

After obtaining the new coefficient file either from the authors or directly from the

CACTOS web site, you must then delete the binary file “cofbin” from the CACTOS directory on

your computer. This file contains the binary version of the coefficients used to set up CACTOS

each time the program is run. With cofbin missing, the program will prompt you to identify the

coefficient files you want to use. You should specify cofife. 603 in place of the previous

cofile.411. Later version of CACTOS will also ask for the climate file (specify cofile. 103) and

the volume equation file (specify cofile. 500).

mnaogas & nf A



Research Note No. 42 August 17, 1999

Please contact Lee Wensel (wenscl@nature berkelev.edu) if you have any problems getting

CACTOS to run with the new coefficient file.
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