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Economic Analysis of the Merchantable
Stand for Unthinned Douglas-fir; B years
after initial N-application (B . Bare)

In the lest economic analyeis published by the
RFNRP (1976), standa of Douglas-fir were com-
pared using 6H-year unthinned and 4-year thinned
regponse data mesgsured in total stem cubic foot
volume for the total stand. Alse, it was as-
sumed that 200 lbs. of Mfacre was applled as
urea fertilizer and that the excess wood grown
in response to the fertilizer was harvested ten
years after the treatment. Resulta of cthis and
other EFNRP analyses gave highest priority to
gtands close to final harvest om medium and low
gites which were previowsly thinned.

The present analyais differa from previous anal-
veges in several imporcant respects. Filrst, an
B-ymar gross marchantabla cuble foot volume to a
f=ineh top for treea greater than 6.5 inches in
dismeter is used. GSecond, only unthinned stands
of Dougles-fir are analyzed. Third, treatments
of 200 and 400 1bs. of W/acre are included in
the analysis and stands may be retalned up to
two investment intervals (16 years) beyond the
creatment dace. Fourth, before- and after—tax
net present values arve calevlated to capture the
ef fects of the federal income tax treatment of
fartilizacion. Lastly, both an incremental amd
absolute form of investment analysls are in=
eluded to demonstrate the significance of care-
fully formulacing che type of analveiszs raguired
to answer typlcal gquestions posed by mensgement.

Underlying Assumpricns

All analyses presented herein sssume that stands
are considered independently on a per acre basis
and that only financial eriteria are used In the
decisipn process. In order to simoulate a8 typli-
cal corporace land owner, all net present values
are expressed using an after-tax cash flow cri-
terion. Fertillization expenditures are capita-
lized and amortized over a five vear period
{Bare, 1979). A surplus ordinary income is as-
sumed in calculacing the after-tax cash flow.
Econpmlic paremeters used in the analvsia are:

{a) & percent real interest rate,
(b) constant real stumpage prices ovar time,
{c) a fercilization cost of 50.35/1b.Nfacre,

{d) estimacted current stumpage prices as
shown in Table &-1,

{e) an ordinary federal income tax rate of 46

percent and a long-terse capital gains tax
rate of 28 percent,

(£} a state yleld tax rate of 6.5 percent and

(g) a five year fertilization amorcization
period.

By expressing ell economic parameters in real
terms we aveld the necessicy of predicting fu-
ture rates of inflacion, thus removing one ele-
ment of uncercaincy from the analysis. Purther,
gince real rates of interest historically have
been relatively steady, another element of vari-
ation which contributes to uncertaloty {5 re-
moved: The coet of ferctilizatlon used in the
present analysis (i.e., $0.35/1h.N/acre) repre-
sents an gverage Ilgure. Current stumpage
prices repregant prices as of July, 1982, and
ate derived from a 120 quarter data baae as

compiled by the Washington State Department of
Haturel Resources.

HEﬂBuIatignal Data

Ag previously stated, the present analysis uses
gn H=vear gross merchantable cubic foob periodic
annual increment (p.a.l.) for unthinned Douglas-
fir gtands to measure the phyasical effects of
fertilization. These data come from unthinned
EFNEF plots and include trees greater thanm 6.5

inches in diameter and measure volume Eo a &
Inch top.

The estimated mean response of S-vear gross
merchantable cible Foaost wolume 18 shown below:

B-vear Response (CF/A/Yr)
Bite Class
Treatment 1 2 3 & All
200 1b. N 19 26 5l &0 35
{5%) (8%) «(22%) (223 (35D)
400 1b. H 29 45 54 bh &0
L (8%) (14%) (23x) (36X)] (17D)

Frevious analyses determined that the trend in
B=-year p.p.i. acrose elte elass is not statisti-
cally significant at the 95% level of confi-
dence.  Further, neither the 200 1b. nor the 400
lb. treatment provides a significant response
for site class 1 {cf. Bec, 2.2.3). From this we
contlude that site class 1 should not he fertci-
lized and that an average B-year response of 35
and 49 CF/A/¥r can be used for the 200 1b. and
400 1b. treatments, respectively. As reported
in the 1978-80 Biennial Report, the 8-year gross
p-#.1. was not significantly related to age
basral area or site class.

Thua, it follows that the addicional merchant-
able cuble foot volume due to fertilization
eight years after creatment is

200 1b., ¥ -
400 1b. R =

280 CF/fA
392 CF/A

A BF/CF ratio 1s used to convert these cuble
foot reaponses to & board foot measure to facil-
itate the use of stumpage prices listed in Table
b=1l. The ratio is a function of average stand
diameter and tarif and 1s shown on p. 12 of
Washington State Department of Natural Resources
Keport No. 20R (Chambers end Wilson, 1972).

Although an average cublc foot volume response
to fertilizacion 1s used acrose all site clasg~-



ses, tha value of tha ipcremental wood added
because of fertilizariom is computed as a func—
tion of the average stand dismeter. In order to
compute the mean stand diameter B years after
fertilizarion the following dlameter equation is
used:

DB = f {Dﬂ. A, B8, W)
whare

By = Quadratic mean stand diameter &

years after Creatment

Dy = Inicial gquadratic mean gtand
diametar (no treatment)

A = TInitial breast-height stand age

5§ = Fings 50-year site index

H = A dummy variasble represeating the

level of nltrogen fertilization

An additional pliece of mensuracional data re=

guired to perform the investment analysis {a the
initial merchantable cubic foot voluma per acre
for non—-fertilized stands.

Incremental Met Present Value Analysis

fne form of lovestment analysis often used to
avalugte forest managemant gctivicies is to
compare the incremental benefits of an activity
against the incremental costs of undertaking the
getivity. In such an analysls we are only com=
cerned with measuring the chenge in our measure
of economic efficiency as it relates to a gingle
treatment gctivity. HNo attencion is given to
tha economlc viability of the base investment—
only to the incremental costd gnd benefics. In
sggence, wa compute the incremental net present
value as:

- A NPV = (NPV of & Benefits) — (HPYV of A Costs)

In our analysis, the (NPV of & Costs) is aimply

_tha HPY of the costs of applying fartilizmer.
Tha (NFV of & Benefits) is computed as shown
below

Futiira Value
of & Benefics
{1-+1

NPV of & Benefits =

But,
Future Value Future Value Future Yalue
of & Benefit with fertiliger| - |without
fertilizar

How,

Future Value| = WF * FF',I - l{"i’H ’ ?“}
of A Benefit

Where,

V. = Cublc foot volumefacre if fartilized

p. = Price/cuble foot if fertilized

Y. = Cubic foot wvolumefacre if not fertilized
PH = Pricefcublc foot 1f not fercilized
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However,

Pp =Py +4AP

And,

Vg=Vg+ay

Therefore,

So,

Future Value of Benefits
= (W + Wy (By + LP) = (Vg Pyl
-PH ﬂ."-’+".|'ﬂ P+ M AP

Then by substitution,

HEY =FP“ Mo+ Wy M+ -!nl"-}l- (NFV of & Costs)

L o

In the analyses conducted in this reportc, n is
either 8 or 16 years. Furthermore, all vari-
ables in the numerator of the first term of the
NPV equation are expressed at the end of the 8-
or l6= year investment perlod.

In order to demonscrate the uvse of the above
procedura for computing incremental net present
values, consider the following example. Assume
a 40-year old stand growing on site class 2
which 15 to be fartilized with 400 1b. N at age
40 and harvested at age 48, All economlic and
mensurational parameters previously discussed
are applicable, and both before and after-tax
cash flows are shown. A worksheat pummarizing
the needed calcularions 1s shown in Table 6=2.
The procedure shown in Table 6=2 was embodied in
a computer program Where it was used to explore
a number of fertilization treatments.

Results of Incremental Analysis

Using previously presented economic and mensura=
tional parametars, & series of incremental net
present value ealeulations wersa completed. Two
types of fartilization treatments Were examined.
The first involved one fertilization B yeara
prior to final harvest while the second included
one or two fertilizations B or 16 years prior to
final harvest. It was assumed that response Lo
the second fertilization was identical te the
first treatment response. Furthermore, only a
limited number of treatment #schedules were exa-
mined. For instance, 24-year old stands were
only subjected to one or two treatmencs before
final harvest at age 40. The possibility of
extending the rotatlon to 48 years was mot eval=
uated, as all treatment schedules were limiced
to either one or two periods. Only rotacions




Table 6-1, Estimated Stumpage Prices ($/MBF)-Tractar Loggling-
July 1982 (120 gtr. av.)

Quadratic maan 5 /MBF
stand diameter

b 38.32
9 65. 50
10 8. 68
11 109,13
12 127.08
13 ' 142.79
14 156,45
15 168, b
16 178.89
17 188.08

Sourcet Charlas Chambers, Washington State Department of Hatural
Resources, Olympla, August 27, 1982,

Table 6=2. Worksheet for Sampla Incramental Net Present
Value Analysis ($/A)

End of Cash Flow Present Valua
Year | tam Before-tax After-tax Before-tax After-tax
0 Farcillzation =140. 00 =150, 00 -140,00 -140.00
] Fert. Amu¢ti1atlnn|] 28.00 12.88 -— 12.15
2 Fert. Amortization 28,00 12,88 --= 11.46
3 Fert. Amortlzatlan 28.00 12.88 pramse 10.81
4 Fert. Amortization 28.00 12.88 --- 10.20
5 Fart. Amortization 28.00 12,88 - 9.62
& Incr. Harvest Jnc+2] 579,24 L17.05 363.42 261.66
B lner. Yield Tﬁxj] =37.65 -20.33 -23.62 -12.76
Total Incremental WPV 195.80 163.14
] Annual Fert., Amortization before tax = F/n, whare F = Fart. Expenditura
and n = Number of vears required to amortize expenditure., The after-
tax cash flow = F/n *.46
2]

Bafaore-Tax Incramantal Harvest Income = FH AV + UH + AP + AVAP

= (0.50286) (392)+{9629_4) (0.03813)

+ (392) (0.03813) = §79.24
After-Tax cash flow = 579,25 & .72,

3] Before-Tax Incremental Yleld Tax = 6,5% of before-tax incr. harvest
income, The after-tax cash flow = 0.54 * bafore-tax value.
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of elther 40 or 48 years were examined, as the
RFNRP data base did not permit extrapolatiom to
56 years. Tractor logging was assumed for all
harvest operatioms. BHResults of these calenla-
tiona are shown in Tables 6-3 and 6-4, where
they are summarized by site class and treatment.

By inspecting Tables 6-3 and 6=4 the following
conclusions can be verified:

(a) irrespectivea of fertilizetion treatment,
fertilize pite claseea 2, 3, and 4 in
that arder,

(b} site class 4 is not profitable to ferti-

lize under several of the treatment sche=
dules examined,

{e} 1f only one fertilization is desired,

then fertilizacionms occurring nearast o
final harvest are most profitable,

(d) 1f stands are to be held for two invest-
ment periods (i.e., 16 years) then twao
fertilizations generslly are more profit-
able than one,

{2} older age classes are more profitable to
fercilize than younger standa (note: 1In
the analysis, fertilieation was only
applied to stands between the ages of 24=-
40 vears), and

{f) 400 1b. N/acre generally appears to he
more profitable than 200 1b. N/acre but
the optimal dosage level decreases across
decreasing site class.

Perhaps the most striking results of the incre-
mental net present valua analysis in comparison
with earlier RFNRP studies are: (a) the recom=
mended treatment of stands growing on high site
class over low site class and (b} the recogni-
tion that treatments greater than 200 1lb. W/ acra
generate higher incremental net present values
than previously acknowledged, The first result
follows from assuming constant volume response
gcross site; stumpage prices which increase with
increasing diameter; and tree diameters which
increase with inereasing site class. The aecond
regult indicates that the optlmum dosage of
fertilization is in excess of 200 1b. N/acre.
Beaults indicate that 400 1b. Hf/acre produces
higher imcremental nec present values than the
previously recommended 200 1b. Kfacre. However,
it is not possible to determine if the optimal
dosaga level exceads 400 lb. Nfacre or is het-
ween 200 and 400 1bs. W/acre. Frevious RFNRP
results reported in the 1974-76 Biennial Report
indicate an optimael applicatien rate of 175 1b.
H/pcre. This earlier study used A-year Tesponse
data where response differed significantly
acyoss site clmss but not between the 200 and
400 1bs. W/acre treatments. Thus, these results
are difficult to compare to the results pre=
gented inm this report.

Results shown in Tables 6-3 and 6-4 apply only
{f the economic and mensurational parameters
uged in the analysis remain valid for any parti-

cular user. Any change in these parameters is
likely to affect results of the analysis. For
exanple, if the cost of fertilizing an acre is
reduced from %.35/1b. Nfacre to 5.28/1b. NW/acre,
the incremental net present value associared
with a eingle treatment of 400 1b. W/acre eight
years prior to final harvest will inerease by
§17.16faere on an after—tax basis and
§28.00 acra on a before—tax basis. While such a
coat change will neot alter the priorities shown
ia Tables 6-3 and 6=&, many of the negative
incremental nat present values in Table 6-3
become positive at the lower cost. Similar
ragults canm be expected as other input param-
eters used in the analysis are changed.

Absalucte Wet Present Value Analysis

In an incremental investment analysis such as
that discussed above we account only for incre-
mental eoscs and returns. Accordingly, 1f In-
cremental returns exceaed incremental costs we
congider the investment to be worthwhile. Thia
form of enalysis is appropriate only if the base
investment ls worthwhile, or if investment (dis-
investment) decislons concerning the base in-
veatment are not under control of the manager
making the fertilizer deciaion.

With respect to fertilizacion, this means we
ghould not fertilize stands with positive incre=
mental net present values unless: (a) the net
present value of the base invastment 1s also
positive or (b) we have no control over the
timing of the final harvest cut in the stand.
If we fertilize a stand with a positive incre=-
mental net present value but a negative absolute
(base) net present value, we are essentially
minimizing cur losses by spending more funds
when wa ghould be harvesting the stand to maxi-
mize returns. i

Thue, unless one of the two above conditions 1is
assumed, we can not uneguivecally meke a deci-
slen concerning fertilization {or any stand
management treatment) unless an absolute net
present value analysis is undertaken.

In conducting an absolute investment analysis we
attempt to evaluate the total costs and beneflts
associated with a proposed treatment, and not
just the incremental costs and benefits as pre-
viously discussed. OUnly in this manner can We
determine 1f & stand should be fartilized and
held for several years, or terminated immediate=
Iy,

To 1llustrate the structure of the absolute net
present value snalyeis, consider the 40=-year—old
gtand on site class 2 we previously exsmined.
The incremencal nat present value analysis hes
shown that & treatment of 400 1b. Hfacre gene=
rates a net present value of 3163 /acre 1f the
atand is harveated at age 48. Thus, i1f the
decigion 18 made to hold the 40-year old stand
for B more years, we are better off if we ferti-
lize. If we wish to determine 1f the 40-year
old stand should be held B more years=-with or
without fertilization—we then need to undertake
an absolute analysis.




Table 6-3. Comparison of Incremental Net Present Value Analyses
by Site Class (Tracter Logging: After-Tax)

Current age/ Treatment |ncremantal MNPV (5/A)
Harvest age Schedule Site Class
Z 3 b
3z2/40 200 95 57 Ll
Loo 131 Fa =11
4o/ 48 200 116 82 38
koo 163 109 L2
24740 200/0 -1 25 =11
0/200 59 36 3
200/200 114 Blk -5
Ligo /0 &3 22 =35
0/ 400 B2 L -7
Loo/Loo 154 75 -34
2007400 135 [ =13
Loo/200 128 63 =27
32/48 200/0 65 2 12
- 0/200 73 51 24
200/200 141 a7 LT}
hoo/so &5 L7 2
0/k4oo 102 69 26
400/ 500 194 124 38
200/400 172 116 45
Lo/ 200 162 1404 ¥
Note: The top portion of the table assumes a fertilization treatmant

at the current stand age with final
lowar portlion of the table provides
The flrst may occur ot

If two treatmants are
stand age and the other eight years

treatments.
years later.

harvest eight years later. The

for either one or two fertillzation
the current stand age or elght
epacified one occurs at the current
later. For axample, a 0200

treatment schedule for a 24 year old stand to be harvested at aga 4D
indicates a fertillzation treatment at age 32 with 200 1b, M.

To begin the absolute analysis, we firet wish to
decermine the best type of management strabtegy
to use Lo grow future crops of timber on the
acre in quesation. In short, we need to calcu=
late a series of 80ll expectation values for
different management strategies and rotation
lengthe. 1In 1980, the Washington State Deparc-
ment of Natural Resources did such an analyeis
and published 8 series of soll expectation va-
lues (Larson and Wadeworth, 1980). From this
analyels we observe that for a 6 percent real
tate of interest, forest Iindustry lands are
valued at 51212, 5499 and $116/acre, for high,
medium and low sites, respectively. These

after-tax soil expectarion values assume a real

.price and cost appreciarion rate increase of 2

percent. Optimal fimancial rotations Tange from
55-55 years over the three site classes.

Continuing our illustrative exampla for the &40-
year old stand on site clase 7 land, we have
three alternatives to examine:

Alternative I: Harvest the 40-year old stand
immediately with an absolute NPV of:

NPV = (B680.4) (.39521) + 1212 = $4643/acre
CF s/CP 5/A




Alternmative IT: Hold the present astand for of absolute net present values ware calculated.
eight years without fertilization: Treatment opportunities snd economlc parameters
presented earlier for the incremental analysis

were used during the absolute snalysis. Results

gre summarized in Table f=5 where three possible

B . treatments Are evaluated for sach stand type.

{9539'4} (.50286) + 121;1_.:[ (1.06) L The results show that: (a) for site clagnzg 2
NPV = [1.08)% LJ 06 |{1.08) and 3=—fertilize 24— and 32-year old scands and
harvest at age 507 harvest 40-year old stands

= 33774/acre immediately and carry no stands beyond thias age;

* ferrilize 24-year old stands twice before final

harvest at age 40; and (b) for seite class &4—

fertilize 32- and &0-year old stands and harvest
£
NHota: We have included s 54facre annual Eﬂ:d at age 48; fertilizacion in 24-vear old stands
for the eight Fﬂﬂfi hﬁF“iﬁ? fEr“iI::;::fﬂtiat on aite class 4 18 marginal if harvested at age
final harvest. This 18 the ‘:‘E S 0. However, a different conclusion may be
included in the soll expectatlon walues. raached if such stands are held until age 4B.
Aternative 1111 TFerriliza the presest stsnd As discussed earlier, this comparison was noc
undertaken.
with 400 1b. M/acre and hold for cight years:
WPV = 53774 + 5163 = 43937 /acre Conclusions

Results presented in Tables 6-3, 6-4 and 6=3
indicate probable fimancial consequences of
fertilizing young-growth stands of Douglas-fir

fur conclusion now is to harvest the 40-year old in the Pacific Northwest. These results hold
gtand immediately and forege the fertilization. for only the particular input parameters used in
However, 1f we must hold the stand for eight the analyeis and are likely to change if chese
MOTE YEars oOur incremental net present value is parameters change. Thus, readers are cautloned
maximized by fercilizing. to avold endaraing the results shown above un-

legs they bellieve the input parameters apply to
their situation. The structure of the two forms

Resulrs of Absolute Analysis of analysie ueed to derive the financial results
are, however, gemarally epplicable to all clas-
Using the above described methodology, a serles aes of forest landowners.

Table 6-4, Summary of Results of Incremental Net Present
Value Analyses by Treatment (Tracter Loggling:

After-Tax)
Incremental NPV (5/A)
Current age/ Slte Class
Harvest age 2 3 g

One Treatment

32/40 5131 (hN) 571 (4N) s (2N)

40/ 48 $163 (4N) 5109 (4N) shz (LN)

25/40 5 82 (ON/LN) 5 L5 [ON/GN) %3 (ONS2N}

32/48 5102 (ONSEN) 5 69 (ON/LN) 526 (OM/AN)
Two Treatments

24740 s15h (BN/LN) 4 75 (2ZN/4N) $=5 (2N/2N)

32/48 s1ah (L4NsLN) 5124 (LN/LN) 45 [ZNSLN)
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Table B6-5.

Comparlson of Absolute Het Present Value Analyses
by Site Class (Tractor Logging: After-Tax)

Current age/ Alter- Treatment Absolute MPY ($/R)
Harvast age native” Schadule Slte Class

Site Class 2 3 4

2 3 ("
32/32 | - - -- 2889 1394 Lipg+
32/40 11 0N OH oM 2848 1475 342
32740 11 LK hN 2N 3019%  1GLE® 346
4osko | - -- -- Lehix 2391+ g8s5
ho/u8 I ON ON ON 3774 2157 Bh4
Lo/u8 11 BN LN LY 3917 2266 886+
ehf2h I -= - - 1740 761 155
2440 1 ON ON oM 1787 S01 190T
2h/ho i OM/UN  ON/UN  OW/2N  1B69*  ghe*  193T
32/32 | - -- -- 2889+  1354T LO%
32/48 11 ON ON ON 2343 1328 S05
32/48 ay ON/4N  ON/GN  ON/JEN 2445 13377 53l%
24/24 1 vie = = 1740 761 155
24/ 40 i ON 0N 0N 1787 801 190%
25740 L1l LN/GN  2N/4N 2N/ZN 1941 976* 185
12/32 [ -- -- -- 2B889% 1394 Log
32/48 i aH ON oM 2343 1328 505
32/48 1 ENM/UN  4NSOM BN/LN 2537 1452 550%

Denotes best alternmative for a given site class=current age-harvest

age comblnation.
T

harvest age combination,

? |= Harvest Stand at currant aga - no fartll ization

Denotes Cie between alternatives for a given site class-currant age-

|I= Harvest stand at designated harvest age = no fertilization

[Il= Fartllize as specifled and harvest at deslgnated harvest age.

Hote:

A fertilization treatment schedule of ON/BN for a stand currently

2h-years old with a harvest age of L0 means apply one 400 Ib.
N/acre application at age 32 and harvest In elght years. HNo

fertilizer [s applied at age 24,
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