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Hury Yield iodel IHYM) 

1. Introduction 

The Hury Yield Model and ecoflomic 'Svnthesis (IYNIS) contains 
a whole stand model constructed to provide rough estimates of
 
biomass and pit prop production in Sind "huries". A "hury" is a
 
block plantation of Acacia nilotica that is grown along the
 
plains of the River Indus in Pakistan (Sangi 1937). Apparently

the practice of growing huries has been limited to small private

landowners in Sind Province around Hyderabad (Sangi 1987, 
Sheikh
 
1986).
 

The province of Sind has an 
arid/dry subtropical climate.

The summers are very hot (temperatures of 1150 to 120OF are

common) while winters are cool in rne north and 
 mid in the
 
south. The averaqe annual precipitacion is 175 mm, is very

irregular, and is received mostly during the monsoon 
season
 
(during the months of June through August). Physiographically,

the province has three distinct regions: 1) the rocky hills in
 
the west; 2) sandy desert in the east; and 3) alluvial plains in

the center. These plains the
are result of deposition of silt by
the Indus River. The river is in rhe mature stage and 
constitutes the lower porticn of the famous valley of Indus,

considered to 
be the cradle of civilization. 
 The soil is fertile
 
and sustains rich agricultural croos under irrigation.
 

An array of forest products are derived from Acacia nilotica
 
in this part of Pakistan. Pi' ces larger than those typically

grown in huries are sawn into furniture ana construction lumber,

and logs between 6.5 and 17.0 cm in diameter are consumed in
 
large numbers by the mining industry in both Sind and Baluchistan
 
provinces. 
Smaller woody marerial is a major source of fuelwood,

while foliage, bark, seed ;ods and smaller twias form a major

component of qoat fodder. 3ccasionally, the exuded gum is sold
 
as gum arabic, and in so cales lac is
loc± cultivated on Acacia
 
nilotica. Also, in -he vicinity of tanneries bark is gathered
for tannin extraction. an in some locacions nectar LroTn Acacial 
blossoms form the basis to- signitoficant honey production. 

Indirect benetits of hury cultivation, especially in t-he 
context of farm fcr-:3try, inclade soil e:irichmenu by nitroqen
fixation and addition o. crazanic matter. The beneJtits of b1ury
cultivation, alonq ,:L h :oth a description of the practice and an
 
assessment of its biomnass productivity, nave been previously
discussed (Sanqi 1937) . The current proje~ct !?as i.liat:ed ,.Inder
contract from USAID/Wiinrock to compile hury yit-ld dt, into a
stand level model for the IBM PC/XT/AT microct.mpue r, thereby
providina a tool to assess productivity and to ex-p.ore various 
management alternatives. The objective of ote study was not an 



.. " YiL d [Iodel 2inventory of Acacia volume or biomass in Sind buries, 'ut -ather 
a characterization of the economic and biological Productivity of
 
huries under a range of stand density management regimae;.
 



2. Da ta
 

The two major tasks in preparing a data base for mcdel
 
construction were field data collection and computer i.,iput 
and
 
compilation.
 

2.a. Field data collaction orocadures
 

Hury data were collected over a six week period in the
 
autumn of 1987. With respect to the Hury Yield Wouel, the two
 
major phases of data collection ,ere: 1) plot measurement; and
 
2) biomass sampling. 
The third phase of field data collection
 
involved landowner interviews during which various economic and
 
operational data were 
compiled. This latter proc.-:dure w;ill be 
described in the economic report since the only pLe.e of data
applied to yiici :nodel develoiment from t:hs pha Tias the date 
of Acacia sowing. 

.a.i. Plct measurement 

Sampled huries were '--e:ct.d
by Sind Forest Department

personnel on a daily basis. Initially huries were selected
 
randomly while travelling througn the areas just south of Khyber

Village and north to Hala dnd Saeedabad. Later in the study

huries were deliberately chosen to meet certain age and stand
 
density criteria defining g-aps in rhe data base. Since
 
manipulation 
of stand densir- :.'il bae the primary cultural tool
in hur.r management, ,n at a itn to theade sample full range
in stand dunsity over each age of interest. The final 
distribution of by aid density ishuries iq-- illustrated in Table
1. Once a hury was select.cd, the following steps were followed
 
to facilitate stanck charact.frization:
 

1) The hury was visually stracified during an initial
 
walkthrough according to 
apparent cultural or irrigation history
 
as suggested by differences in:
 

- stand density
 
- average diameter
 
- average height 
- amount and vigor of foliage 
- pruning height 

To qualify as a distinct 3;ratum, the target area :u:lt ialve 
covered at least 100 m, (0.01 ha, 10 x 10 m, or 5.6 m radius).
 

2) Within a stratum, a starring point was 
chosen, !.en a set of 
random numbers was selectcac 1:rom a random number table. The 
first and second number corresponded to the number of paces (pace

two steps) counted perpendicul~tr and parallel, respe-ctively, to
the nearest hury edge. If this procedure brought :-,' point
outside or on the edge of the l arret stratum, a new starting
point was chosen and the procedure was repeated. t:he
 
identified stratum was just 2100 m or close to it, It-he plot 

http:select.cd
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Table 1. Distribution of plots by huryLdensity and acre. 

Stems Aqe 
per ---------------------------------------- Sub 

}Iectare ! 2 3 4 5 6 7 Total 

2,000 3 1 1 
 1 6
 

2,001- 4,000 2 
 3 3 4 3 2 17
 

4,001- 6,000 3 4 4 
 2 13
 

6,001- 8,000 
 4 3 5 1 ! 14
 

8,001-10,000 1 
 1 1 3
 

10,001-12,000 
 1 
 2
 

12,001-14,000 2 
 2
 

14,001-16,000 
 1
 

16,001-18 000
 

18,001-20,000 1 
 1
 

>20,000 51 
 6
 

Subtotal 6 13 16 13 9 6 2 65
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center was located as close to the center of the 
stratum as could
 
be approximated.
 

3) The new plot was 
assigned a two part identifier consisting of
 
an assigned hury number and consecutively plot numbers. For
 
example, plot 9-3 was the third plot in hury 9.
 

4) Plot size varied by hury age, or more specifically, by stand
 
density. In one- or two-yr-old huries, a 1/500 ha plot 
was used

if this allowed a sample size of 
at least 50 trees. Furthermore,
 
areas that were broadcast sowed were sampled with a circular plot

of radius 2.52 m, and areas that 
were row sowed were sampled with
 
a semicircular plot of radius 3.57 m with the long axis oriented
 
perpendicular to the rows. 
 All older or sparser huries were
 
sampled with circular 1/250 ha plots (radius = 3.57 ,), except

for very sparsely stocked stands. -C 1.7-ss tnat 10--5 stems 
were
expected per 1/250 ha plot, a 1/100 ha clot was esrtablished 
instead (radius = 5.64 m). Cnce the ).Lot center was located, the 
live stems within the plot were numberedi with qhiite chalk, except
for very small stems in the youngest huries. Stems that 
represented different forks of the same tree were given the same
 
stem number. Dead steins were assigned "U" instead of 
a tree
 
number.
 

5) All live and dead stems taller that 1.3 m were measured tor

dbh at 1.3 m with either a dianiet-r taoe (>_2 cm) or calipers (<2
cm), to the nearest 0.1 cm. One :.-:cepcion was p.Lot 10-1, in

which only tree lieights were recorded due to 
the large number of
 
stems under or only slightly above 1.3 rn.
 

6) All live and dead trees were measured for height, to the
 
nearest 0.1 
m. If the tcas . er, 4 m tall, the height and 
height to the lowest live branch kon live trees) were read 
directly with a 3 m heiqht pol> graduated in 0.1 m units. Tr:ites 
> 4 m tall were measured iby the pale-tangent method (Curtis and 
Bruce 1968). In this technique, the 3 m o]eight pole was stood 
up straight with its base at base of the Thethe tree. 
mensurationist then moved away from the tree, perpendicular to 
any lean or sag, to a spot. from which he could easily see the tip
of the tree as well as the base aud top of the height pole. The 
following clinometer readings , er. then recorded: 

- angle to base of L.h2 rul%, nearest 0.5 deqree 
- angle to top of the pol.e, nearest 0.5 degree 
-
 angle to the tree 'op, :n-earest 0.5 degree 
- on live trees, angle t cwest live branch, nearest 0.5 

degree
Trees with a slight lean or sac 
wore visually stood completely
upright to estimate height end ancgle Leadings. I[ sag or lean 
was severe, the height pole ias st'ood upright ex:actly beneath
the tip of the tree, as proj, cted by a 90-degree sithtinq (by
clinometer) on the tree tip. The distance from 
the center of the 
tree base to the height pole was recorded to the nearest 0.1 in, 
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and the above angles were likewise recorded.
 

Since plots 5-1 and 13-1 were quite dense, tree heights were
 
taken only on one half of each plot.
 

7) 
Any cut stumps within the plot were measured for diameter

outside bark at 2 cm 
from ground level, to the nearest 0.1 cm.

The stumps were designated by an 
"S" on tha field data sheets
 
(Appendix A).
 

2.a.ii. Pruning measurements
 

A pair of two-yr-old plots was selected for pruned branch
 
measurements  the first was from a low density hury and second
 
was 
from a high density hury, both of which had received the

apparently typical second year pruning. 
On the low density plot
all branch stubs 3 mm and greater in basal "iameter were measured
by calipers, up to a height of aiproximately 2.5 m, the average
pruning height. On the high density r!,: ;il bra:nch .3tub
diameters were 
similarly recorded, but only on trees in one half
 
of the plot.
 

2.a.iii. Biomass sampling
 

A total of 31 biomass trees wns sampled from five huries

ranging in age from one yr to six yrs 
(Table 2). Within a hury,
trees were sampled by choosing across the 
full range in diameters
 
present. 
At the very least, hC .millCst and largest diameters

in a given hury were targeted. :3aph: troe distribution by age

and dbh is shown in Table 2. The ollowing measurements were
 
taken on all trees sampled:
 

- Stump diameter 2 cm above <round level, to the nearest
 
0.1 cm
 

- Dbh to the nearest 0.1 t2n
 
-
 Height of the standing tee by the pole-tangent or direct
 

read method, to the nearest 0.1 m
 
- Height of the fellkmd tre..e toi the nearest 0.1 cm
 
- Fresh weight o the LoilowL:g fractions of the 
tree:
 

- foliage and woody ,;!ateriaL < 2.0 cm in diameter 
outside bark (dob)


- woody material ber-ween 2.0 and S.5 cm dob, except for
pieces designated .-s "pit props" by the laborers 

- each individual p.it prop, i.Csual].y corresponding to 
material between ").5 and 1'7.0 cm dob 

- On a random sample of brancns b1:tween 0 and 2.0 cm in
basal diameter, fresh weigi-it of I:tWe following fractions: 

- total foliage + ;woodv nater.ila 
- total woody material after -i2rnotential fodder

(leaves + succulent twigs) had bir en clipped off 
- Small end dob (nearest 0.1 cm) I trce end dob, (nearest

0.1 cm), and total Iength (near-est 0.01 m) of all pit 
props.Larger trees and pieces were weighed with a 50-kg spring scale 
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Table 2. Distribution of biomass samples by dbh and age.
 

Age

DBH -------------------------------------------
 Sub(cm) 1 2 3 4 5 6 7 Total
 

0 - 1.9 3 
 3 
"- 19 "2 2 1.7
 

4 - 5.9 
 1 1 1 26
 

6 - 7.9 2 1 1 4
 

3- 9.9 
 1 4 5
 

'10 - 11.9 1 3
 

12 - 13.9 
 1 1
 

14 - 15.9 
 1 1 2
 

Subtotal 6 3 6 9
7 31
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graduated in units of 0.5 kg, and smaller trees and materials were
 
weighed with a 2.5-kg spring scale graduated in units of 0.050 g.
 

2.b. Data compilation 

Field data consisted of some measure'ents, such as angle to
 
the tree top, that have to be converted into dimensions useful to 
tree and stand level modeling. The data then require some
 
degree of editing to ensure that no gross errors were propogated.
 

2.b.i. Computation of heights 

All angle readings on tree heights .:ln heicjhts to first live
 
branch were converted to height from (-jrcind ,!vel hy applying
 
various trigonometric formulae (Curtis and Sruce 1968). If the
 
tree was not leaning severely, heights tere coroputed as
 

HT = P ((tan TT - tan PB) / (tan 1T -tn- 13)] 

where HT= total height in m 
P height of pole in m 

TT = angle to top of the tree 
PB angle to the pole base (tree base) 
PT = angle to top of pi. 

On leaninar trees, the verticai heiciht rt the top of the tree as 

it stands is first computed by the above formula,
 

HL = P [(tan TT - tan PB) / (tan .F-- tan PB)] 

where HL = height to tp ot leaiing tree in m 

The Pythagorean theorem then is invoked to compute
 

D2HT = I [HL2 + ] 

where HT = total height in n 
D = ground distance i:rom r:ree base to vertical 

projection of top) 

2.b.ii. Estimation of tree heicahts ou subsamnpled plots 

On those plots containing only a subsaiiple of tree heights, 
the heights of all remaininq trees were estimaLed from a height
diameter curve constructed from thi subs.-impi.e of live trees. The 
two resulting fteiht-diameter cuIves tq, re 
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Plot 5-1: HT = 1.3 + expla, - o.2 D'13] 

at = 1.94549 (0.474117) 
a2 = -1.41227 (0.425292) 
a3 = -0.782514 (0.473547) 

sy.x = 0.6210 

R2 = 0.652 

Plot 13-1: HT = 1.3 + exp[b, - b2 D",] 

b, = 2.68086 (0.524230)
 
b = -2.20820 (0.549771)
 
b = -0.473372 (0.129852)
 

sy. - - 0.4121 
R2 = 0.640 

Both equations were fit in nonlinear form t;ince a modified 
likelihood criterion (Furnival 1961) :;-:.cicated that the 
logarithmically transformed model was icess appropriate. 
With a logarithmic model Furnival's index was 0.6835 and 0.5119 
for plots 5-1 and 13-1, respectively, vs. 0.6210 and 0.4121 for
 
the nonlinear models (the lower the Lndex, the better the fit).
 
Weighting did not improve the nonlinear models.
 

2.b.iii. Estimation of dbh Gn ?lot 10-1 

Since trees on Plot 10-! iere just approaching breast height 
(1.3 m), they were measured only for height. Diameters were 
predicted by compiling a data oase consisting of all live trees 
that were measured for both height .nd dbh, but that were also 
less than 4.0 m in total heicht. Uuerous models were fit to 
these data. The following model appeared best:
 

D = ci (H-1.3)c2+c3SPH 

where D = diameter at:: breast height (1.3 in) in cm 
H = total tree height in :t 

SPH = number of stems rer hectare/100 

C1 
cL= 
c3 -

0.833439 
1.04299 
0.000667568 

(0. 0154944) 
(0.0593019) 
(0.000146488) 

The 
the 

optimal 
following 

weiqhting 
inaices 

factor 
of tit 

was H- 2 as illu.strated by 
(Fuiunival 1961): 
Furnival. idex 

1 0.4222 
H 1 0.3409 
H-2z0.3L23,
H- :1 0.3432 
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Diameter of all trees on Plot 10-1 with heights greater than 1.3
 
m were estimated with this ,equationusing both the height of the
 
subject tree and the average stand densiy (SPH).
 

2.b.iv. Data editinc'
 

An initial level of d.ita editing was performed each day
after field work. At this time, all tree heights were computed

from the appropriate trigonometric formula on a programmable
 
calculator. Obvious errors in heights were signaled by
 
large departures from the general height-diameter relationship.

In almost all cases, gross errors could be traced back to an
 
obvious recordina !:ror, such as recording height angles for a
 
large tree under and adjacent small tree, and vice versa.
 

After all data .;etentered into the computer, including the 
computed heichts, ciro basic checks were made. First, a program 
was written to ccinoiie i:he data pertinent to analysis into a 
model building data Dase. At this time heights were ceco-mputed 
and compared to the hand calculated values. if any
 
discrepancies occurred, the correpsonding plot and tree were
 
flagged. This iresulted in identification of several data entry
 
errors, which were ti ,ri corrected by retrieving the correct 
value from the field sheets.
 

After this initial i)ase of constructing a !nodeling data 
base was compieted, heiqlht-diameter plots were produced for each 
individual plot. Gross aberrations were investigated, and if
 
they were attributable to either a data entry &rror anor 

obvious recording error, they were corrected.
 

3. Model components 

The Hury Yield MIod! is structured around rour major
 
components: 1) individual tree biorass equations; 
2) a set of 
site curves or cuulative height growth curves; 3) a maximum 
size-density relationship; and 4) a yield function for total 
above-ground Acacia biomass. Construction u.t individual tree 
biomass equations was an essential modeling Pbcnse which allowed 
subsequent estimation of per acre yields, 1,Y .,roduct classes, for 
the 65 individual sampie plots. 

3.a. Biornass equations
 

Three different type of bicmass equations we.-e developed,
 
all of which are based on ureen or frr-.,sh weight.
 

3.a.i. Total tree biomass _y component 

As an initial screening, various equation forms were fit to
the total biomass data (all components summed). A set of linear, 
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logarithmic, and nonlinear models was 
fit, applying various
 
weighting factors to correct for nonconstant variance. The
 
equations were than compared by Mallow's Cp (Draper and Smith
 
1981) and by a modified likelihood criterion (Furnival 1961) 
to
 
choose the model providing the closest fit to the data and the
 
best conformity to regression assumptions (see Mi.iper and Smith
 
1981). By the latt-r criterion, th, -, model will exhibit the
1"st 

lowest Furnival's (1961) index. As shown in Table 3, 
 the
 
following model performed most favorably (with a weighting factor
 

-
of (D2 H)- 1 ) 

[I] B = bo + bt D2 H + bzH 2 

where 	 B = predicted total above-ground biomass (kg) 
D = diameter (cm) at brE-ast height (1.3 m)
H = total height ('f)

bu ,b, ,bi = 	 regression .arameters estimated from the 
data 

bo - 0.620993 
b1 = 0.0364857 (0.0017451) 
b2 = -0.0338364 (0.0061298) 

The coefficient of ultiple determination (R2 ) on the
 
transformed scale was 0.993 for this equation.
 

Since this model p-erformed optimally for total above-ground
biomass, this same fcrm was retained for fitting component 
equations. A procedlure ioresented by Cunia and Brigis (1984) was 
followed for _Forciag additivity of biomass components (that is, 
the sum of the predictions from the three component equations
will always equal rhe prediction from the total bionass 
equacion). This model c]an b)e explained by considering three 
initial predictor variables :l =i, xz:D 2 H, x",=H 2 . The 
objective is to estimate four biomass components: 1) material < 
2.0 cm in diameter; 2) material between 2.0 and 6.5 cm;
 
3) material between 6.5 
cm and 17.0 cm; and 4 total.
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Table 3. Comparison of equations for predicting total above
ground biomass.
 

Furnival 'sModel 
 Weight index
 

Lin;ar
 

B = bo+biD 2 (D211)-
 1 6.110 

B = bo+bi D:I1 (D2 H)-1 
 2.468
(D2.1f)- 1. 
.
(D2 H)--, 3.961
 

(D2 1)- 3 

B = bo+bi D2 H+b2 H (D If)  ' 2.152 

B = bo+biD 2 H+bf H2 (D2H ) 1 2.101
 
- *
(D2;) I U 1.804 

(D'! )- 2 3.961 
(Dz h)- :' 4.629 

NonJ inc- c_ 

B = bo+biDBzHb3 1 3.760
° " 
(DZH)" 2.677 
(D;- )- 2. 590 
(D"1)- - 9.030 

B = biDb 1Hb3 
 1 3.820
 
(DzH)-.• i 2.795
 
(D2H)-' 3.091
 

2(Dz H)- .12. 006 

Locgarithmic 

log B = bo+b log D 1 7.371 

log 13= bo +bi log H 1 13.413
 

log B = bo+bi log D + bzlog H 1 7.310
 



Hury Yield Model 13
 

Therefore, define variables
 

xi, = 1 if the observation is on component i
 
0 otherwise
 

xi= 	 D2 H if the observation is on component i
 
0 otherwise
 

H2
xi3 = if the observation is on component i
 
0 otherwise
 

where i = 1, 2, 3, or 4, corresponding to the above
 
biomass fractions
 

The regression moael then becomes
 

(2] B = 	 i j x iJ[21 	 [ X1 j : jX1
wi-ziJ 

subject to the constraints that
 

6 = 	 0 

and
 

0111 + 	 021 + j31 1 04 1 

P312 + 	 32 2 + P32' = 1 1 

1313J + 	 0 2 a + 01 :1 0-: 

The full model was fit first, wi~h each component equation

containing both the D2 H and H2 	 2 wasterms; however, the I{ term 
not significantly different from zero 
fov the fine fraction (< 2 
cm). This term was therefore dropped from the model and two

series of fits performed with van'ious weiqhting factors. The 
first series allowed a nonzero intercerr, ..nid the second series 
was forced through the origin since biomass should equal zero at
 
zero height and diameter. As shown in Tib:i1e 
4, the model with a
 
nonzero intercept and weightinj factor ot (DI.H)-1 had the lowest
 
Funival's index, and hence the best fit 
i:o the hiomass data. The 
implied biomass equations are a,-; toi.,ow: 
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(3] B(1) = 0.540308 + 0.025356 02 H
 
(.07760) (.00094)
 

[4] 	 B(2) = -0.257281 + 0.017957 D2 H + 0.058958 H2
 
(.09086) (.00137) 
 (.00835)
 

[5] B(3) = 0.336169 + 0.043021 DWH - 0.091873 Hj2
 

(.09086) (.00137) (.00835)
 

[6] 	 B(T) = 0.619187 + 0.086334 D2 H - 0.032915 H2
 

(.09086) (.00137) 
 (.00835)
 

where B(1) = predicted kg of biomass in fine fraction
 
(K 2.0 cm)


B(2) = predicted kg of biomass in firewood
 
fraction (between 2.0 and 6.5 cm)


B(3) = predicted Vg of biomass in pit prop

fraction (between 6.5 and 17.0 cm)


B(T) = predicted kg of ucotal biomass of all
 
fractions summed
 

D = tree diameter in cm 
at 1.3 m from ground

H = total tree height in in
 

3.a.ii. Prediction of forage biomass from branch diameter
 

An equation for predicting forage biomass (foliage +

succulent 
twigs) from branch diameter was developed from the 27

branches subsampled for forage. 
 Numerous weighted and unweighted

linear and nonlinear models were tested for theiJr performance, as
illustrated in Table 5. 
The quadratic model and aoiilinear model,

both with a weight of branch diameter rai:;ed to a power of five,

had the best indices of fit. 
 Since these models produced nearly

an equivalent fit, the nonlinear model was 
selen:ted since it

extrapolated to a prediction ot 
zero when branch diameter
 
equals zero:
 

[7] FB 
= 0.0495245 ".U . .,,1,49,)
 
(.003663)
 

where 	 FB = forawe biomass in kQ
 
BD = branch diameter in cm
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Table 4. Comparison of forced-additivity biomass equations.
 

Furnival 'sModel 
 Weight index
 

[2] with nonzero intercept 1
 
(D2 H)- 0.. 2.579 
(D2 H)-i .o 2.181 
(D2H)-L-5 2.292 

' (D2H)-- .O 2.500
 

[2] with zero intercept 1 3.580
 
(D2 H)- 0. 2.634
 
(D2 H)- -. 2.866
o 


(D2 H )- '-O 7.482
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.a.iiiz. 	Forage proportion in fine fraction
 

A double sampling strategy was also implemented to provide

an estimate of the proportion of the fine biomass fraction that

represented foraqe (foliage + succulent twigs). 
 As outlined in

the description of field data collection, a subsui-ple of 2.0 
cm

branches was weighed for total biomass and total woody biomass.
 
The forage biomass was therefore expressed as 
a function of total
 
biomass for material of this size class,
 

[8] 	 FB = biTB
 

where 	 FB = predicted kg of forage biomass
 
TB = kg of total biomass of 2.0 cm branch
 

Various 	weights were applied during estimation of the regression

parameter, as 
shown in Table 6; however, the unweiqhted estimator
 
proved best. The equation applied in the Hury Yield Model was,
 
therefore,
 

[9] 	 FB = 0.30369 TB
 
(.02362)
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Table 5. 	 Equations for predicting forage biomass from branch
 
diameter.
 

Furnival' s
Model 
 Weight index
 

FB = bo + biBD 
 1 0.0642 

FB = bo + btBD + b2BD2 .1- 0.0613
 

BD-1i0.0492
 

-
BD : 0.0400
 

BD- 0.0334
 

BD-1i0.0294
 

-
BD -q 0.0280
 

0.0293 

FB = biBDb2 1 	 0.0601 

BD-2 0.0395 

BD--:'0.0332 

BD- 0.0296 

- ' 
BD -00.0288 

BD -b 0.0312 
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Table 6. Forage biomass prediction equations. 

Model Weight 
Furnival 's 

index 

FB = bo + biTB 1 0.0805 

FB = biTB 1 0.0778 

TB-' 0.0796 

TB- 2 0.0818 

TB- 0.0847 
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3.b. Site curves
 

For want of a more appropriate index of site productivity,

such as one involving irrigation frequency, the site index

approach was adopted. 
The first stap in applying tlhe site index
 
concept was to define explicitly the "height" used in both

construction of 
site curves and determination of site index.
 
Given the strictly cross-sectional nature of the data, 
a guide

curve technique remained the only option for construction of site

index equations. These site index equations defined the expected

height growth trajectory of the stand component used in site
 
curve construction.
 

3.b.i. Definition of top heiqht 

The site curves were designed Lo mimic the cumulative height

growth of the five largest stems per plot by dbh. Since an

objective was to obtain 15-20 stems per plot, an 
equivalent

statement would be that the site curves 
describe the cumulative
 
height growth of the five largesr stems 
(by dbh) out of a cluster

of 20 stems. 
 On average this would also represent approximately

the largest 1200 stems per hecrare. The height of 
this
 
component will be referred to as 
the top heig2t of the hury or
 
hury stratum.
 

3.b.ii. Construction of site index equations
 

The site curve construction technique was limited by the

fact that only cross-sectonal data were available from the
 
temporary plots; hence, techniques employing time series data
 
either from stem sectioning or repeat measurements were

inappropriate. Instead a guide curve was 
fit through the entire

data set, consisting of five 
trees from each of 65 plots. The
 
curve took the form of a Chapman-iichards growth equation, 

THi = 0, [1 - exp(OA) ] " ,j 

where TH = top height of the plot in m
 
A = age of the hury in months
 

The resulting regression equation was
 

[101 TH = d, [I - exp(d2A)]I":,
 

with 	 d, = 11.2016 (0.285259)
 
d2 = -0.0564826 (0.00853996)
 
dt = 1.75952 (0.375256)
 

A five-year or 60-month base acte 
was selected to index the site
 curves. The individual site curves could therefore be derived by
assuming that parameters 02 and 0:i are constant among sites, then

solving for the asymptote O, that yields the correct top height
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at age 60 months. Since the top height equation for a hury with
 
site index S should produce S at base age Ao, it should be 
true
 
that 

S = di [I - eXp(d,2Ao )]d3 

Solving for di,
 

dt = S [1 - exp(d2Ao)]d, 

Substituting for di in the regression equation,
 

TH = S 	 I[ - exp(dA)] I,%
 
I [1 - exp(dAo)H
 

and similarly, 

S = TH-Xp(d2A)
 
I[ - exp(d-A) ]
 

For the parameter estimates given above, the top height equation
 
becomes
 

9TH = I.062259 S [I - exp(-0.0564826 A) 5?2 

The cumulative top height curves 
for site indices 5 through 15,
 
in increments of 2 m, are illustrated in Appendix A.1.
 

3.c. Maximum size-density relationship 

Mortality estimates from the Hury Yield Model will be crude,

at best. 
 Since a solid data base of repeated observations on
 
permanent or semi-permanent plots was not available, the 
mortality
component relies heavily on current biological theory ,nd

subjective judgement as to how the huries behave. All. mortality
trees were measured on the plots and all cut 
stumos t.illied as

well; however, the full 	plot history and time inte:va1 over which 
the mortality occurred is unknown. 
Therefore, htise mortality
and stump data only helped to guide the cons::ruct i,:n oF 
reasonable mortality functions. The maximum size-(ien.ity
relationship inherent in numerous stand density tana,,.ement
diagrams (Reineke 1933, Gingrich 1967, Drew :IId FI(-.-elling 1981)
forms the foundation for the hypothesi:zed !lury rmior:tality mode].. 

3.c.i. 	 Maximum size-density line 

Reineke (1933) developed -I diaigrain of stand density in which
he plotted number of stems per acre on quadratic mean plot
diameter. When both axes were on a logarithmic scale, the plots
tell along a line described I)y 
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In TPA = bo + bi In D, 

where in = natural logarithm function 
TPA = number of trees -er acre 
Dq = quadratic mean diameter 

Numerous species were found to exhibit altope (bi) of
 
approximately -1.605. 
 Later Japanese work :ind its subsequent

application to forestry resulted in stand density models that

hypothesized a maximum size-densiJty line; th"at is, tinere is a

species specific maximum mean tree size 
that 	can be attained
 
at a 	 given number of stems per acre, without. a-lowing for further 
mortality or self-thinning. On a theoretical baisis, 
the slope

of this line is expected to be at 
or close to -3/2 when plotted
 
on a log-log scale (in(mean biomass) plotted on ln(trees per
 
acre)).
 

Reineke's 
(1933) stand density diaqrnm celat:2s ,directly to

this law of selt-thinning, except that he i.everses ttie axes and
 
applies a linear dimension (mean diameter) ;, d;e.scribe mean tree

size. Therefore, w"hen expressed as 

in D, = bo + bi In TPH 

the slope that he demonstrated across numerous species was
 

bi = 	 1/-1.605
 
= -0.62305
 

When tre 65 individual plots of Acacaa nioCt.c7L ware plotted

on this scale, surprisingly close contormity to ,aximum sizea 
density line of similar slope was exhibited (Appendix A.2). was
It 

therefore assumed that Acacia followed a self-thinning line with
 
a slope of approximately -0.62305. The :naximur line was
 
identified by finding the largest iritecept, I)0 , a: sociated with
 
the 65 lines having a slope of -0.6230") and passing through the
 
each of 
the ln(Dq )-In(SPH) coordinates co-rresi)onding to the 65 
plots. The resulting maximum size-density line passed through
plot 14-1, and can be written as 

[41 max[Iln(Dq)] = 7.64411 - 0.;2305 ln(SPH) 

where max[in(D, ) ] = maximum 1n(DI, ) for a given SPH 

This 	 maximum size-density line, u)r self-thinning line, iz the 

line 	plotted in the size-density oiagram :in Ajupendix A.2.
 

3.c.ii. Top height isopleths
 

Movement of different stands across the size density diagram
is theoretically independent ot site, although the rate ot 
movement is assumed to be dictated by rate of growth, .and 
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hence, by site quality. This dynamic component was added to t[he
hury density diagram by expressing in(Dq) as a function of both
In(SPH) and la(top heiqht) The equation that was fit to the 65 
Plots was 

[11] 	 ln(Dq) = 2.2302 - 0.32707 ln(SPH) + 1.09530 ln(TH)

(.4314) (.03385) (.08113)
 

with sy..v 0.1656
 
R2 = .929
 

Isopleths of constant top height are plotted on the diaqram in

Appendix A.3. 
 Thinking of top height as a surrogate for time
 
within a given site index, the trajectory of. an individual hury

can be defined by its asymptotic approach to the maximum size
density line, at a rate defined by top !height growth.
 

3.c.iii. ilortaiity estimation 

The maximum size-density line represents 
a Limit beyond

which the hury is not permitted to develop; however, given this

constraint there are a variety of 
routes wnich a Lury can take 
to
approach the self-thinning line (Appendix A.4). In general, these

trajectories can be modeled with 
an equation developed by Smith
 
and Hann (1984),
 

[12] In(Dq) = max[In(D )J -(bu b2 -b b:i Xu j expDb. (XO-X) b ] 

where max[ln(Dq)] = maximum of 
ln(D,) defined
 
by the ma.,imum size-density line 

b2 and b:i = modifiers on the intercept and
 
slope of maximum size-density
 
line to define onset of
 
self-thinning
 

Xo = initial ln(SPH)
 
= future In(SPH)
 

The parameter estimates b1i and b:i determine the scale and shape
of the asymptotic approach to the self-Lhinning line. A ranqe in
values of these parameters was explored and coinmpared with current 
huries and measured mortality to estim-ite self-thinning behavior 
of the huries. Data are currently lacking to construct a 
data directed mortality model for the nuriS. However, under 
present management, variation in 
these -rzjectories will probably

have a relatively minor impact for two 
re1os: 1) huries
 
generally are 
sown and germinate at very high densities, so that
2) most huries are managed at a near maximum density regimes and
hence their movement along the self-t:ti nacing line, rather than
their approach to thie line, dominates most oc the history o1 a 
given hury.

Since equation [4] represents thle 1solute 'iamillumi
density line ooserved, it is adv.,sable that simul~ited iuries beconstrained to 
a relative density of approximately 0.80, thereby 
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average hury. The: tesulting self
thinning asymptote will be
 

[12] max[ln(Dq)] = ln(IX) + 7.64411 - 0.62305 In(SPH) 

where MX = relative density defining the
 
desired maximum size-densTlty line 

The modifier in equation [6] specified as b h2_
, canalternatively be thought of as the relative donsit:y ot which

density-dependent mortality commences. 
 The parameter 01

specifies the percent reduction in the slope of the 
initial

mortality line, relative to 
the slope of the maximum size-density

line. That is, 
if the line defining commencement of mortality is
parallel, to the maximum size-density line, b, will be equal to
 
zero.
 

The final mortality model can be written as
 

[14] ln(Dq ) = max[ln(D,, ) ]-[ln(IHX)-Ln (!,'OD)-(SHX) bt Xo jexp[b 4 (XO-X)b. ] 

where max[ln(D. )] = maximum of ln(D, ) defined 
by equatici L'7]

MOD = relative density at which 
mortality commences 

SMX = percent reduction in slope of 
morcalitv iine 

X, = inirial .n(S'H 
A future iU(S:H) 

The following values were chosen as 
Lhe default, values of themortality parameters, although the user 
has the freedom to
change these parameter estimaties as 
be:tter data or experience
 
dictates:
 

MOD = 0.30
 
SMX = 0.0
 
b4 = -4.5
 
b3 = 1.00
 

MX = 0.80
 

3.d. 'ield function
 

Hury yield functions were developed in several stages.
First, equations [31 through [61 were appl:ied to the plot data toestimate per hectare yields of each biomass component. Then, 
a
yield function simply for total above--tround biomass was derivedby searching over numerous Log-loa and -eignte1 nnd ,inweighted
linear and modelnonli nevar forms. The nonlinear modeLs tested
did not improve tne 
fits over linear :node.[, -in no need forweighting was adparent. Among the many iiodej.s tested, those
presented in Table 7 performed most titvorc'bly. 



Logarithmic models did exhibit an index ofd H~ofitd. :not .s ry _4 e1 as2ow 

che linear models, and forcing additivi ' ,f .log-log equations

did not maxe athematical sense. Among the best linear models,

the four variable model with BA :-SPH 
 ..
lHntu~raction and the

three 	variable model with SPH 2 
were judged overly complex; hence
 
the following linear model was selected to 
ait the full
 
complement of biomass components

[15] =bo +bi SPHI+b 2 BA TH+b:t SPH TH 

where Y = total above-ground bicmass, !iietric tons per ha 
SPH = stems per hectare 
BA = basal area per hectare, m2 
TH = top height, m 

bo ,bi ,b 2 = coefficients estimated from the data 

3.e. 	 Estimation of biomass components per unit .Area 

Total biomass was constrained to equal , ~E!;ui of the
component bioTnass predictions in a manner 
 coPo tz.Ly analogous to

the individual tree biomass equations. Thus, cI.:tine variables
 

xii = 1 if the observation is on component i
 
0 otherwise
 

Ciz2= SPH if the observation is on :omonn 
0 otherwise
 

xi. 	 = BA TH if the observation is on coo ent
 
0 otherwise
 

X14 = 	 SPH TH if the observation 's on co:mponent i 
0 otherwise
 

where i = 1,2, 3, or ,4,c prreis(pondinc to the separate
 
biomass fractions
 

The regression model then becomes
 

4 4 
[16] 	 B = I I 5i xij 

subject to the constraints that
 

and = 	 0 
,.t
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01 2 + 32 2 + P32 = 	 P 

I + 521 + f03 . = r4 . 

324 + 334 = 44 

The full equation vias fit first; hoviever, the SPH x ".1H term 	 was notsignificant (p=0.302) for the fine fraction ana hence ,.'as droppedfrom che model, as implied by tUie 	 constraint p., = 0. The finalfit of the constrained model r- sulted in the tollowing component
equations: 

[17] B(1) = -0.302528 + 0.512966 SPH + 0.307375 BA TH 
(2.07932) (.081963) (0.0087101.) 

1 I8] S(2) -12.135 - 1.215 SFH + 0.241265 BA L'H + 0.308987 SPH TH
(2.10209) (.168542) ( .00 31-3:;7 )-- (.0349027) 

-19] f3(3) = -14.8343 + 2.31645 SPH + 0.495973 BATH 
- 0.610071 SPH TB
(2.10209) (.168542) 
 (.00931387) 
 (.0349027)
 

[20] B(4) = -2.523328 
 + 1.504266 SPH + 1.044613 8A TH 
- 0.301084 SPH TH

(2.10209) 
 (.1685,i2) (.00931j3V) (.0349027)
 

where B(I) 	 predicted kg of bio,ass Dr hectare in 
tine fraction (/, 2.0 cnm)B(2) = predicted kg of biomass pec hectare in 
firewood fraction (bet:weee ?.0 and 6.5 cm)B(3) = .redicted kg of bioznas, per tectare in 

i. prop fraction (between 6.5 and 17.0 cm)
B(T) = pra.aicted kg ot total bjorn. s r 

hectare of all fractioas sua;;ne(i 
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Table 7. 	Eauations for predicting total above-ground hury

biomass on a per hectare basis.
 

Furnival 'sModel 
 Weiqht index
 

Linear 

Y~boibiBA 	TH 
 1 10.16 

Y=bo +b BA TH+b 2 TH 1 9.58 

Y=bo +b, SPH2 +b 2 BA TH 1 9.64 

Y=ho +bt SPH-+b 2 
BA TH+b 3 SPH TH 1 6.74 

Y=bo +b, SPH+b2 BA T!I+b:. SPH TH 7. 17 

Y=bo +b1 B.A2 + b BA SFi.+b. BA TH+bi BA SPH Tfl 1 	 6.09 

Logarithmic 

2 inIn (Y) =bo +b BA f-b (TH) 1 17.98 

in (Y) =bn 4b, BA+b 2 SP1!+b3 In (TH) 1 16.30 

In (Y) =bn +b, i3A+-2 TH+b.3 (U/A) 1 18.08 

ln (Y) =bo +b, 3Ath2 la (SPH) +b3 ln (TI) 1 18.21 

In(Y)=bo tb Iln(BA)+b (I/TH)+b:,!n(TH)+b 4 (1/A) 1 11.59 
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3.f. Estimation of pit prop 	.gradedistr.ibution 

Total pit prop biomass ultimately is of limited value for
 
economic analysis, since value incrcases exponentially with piece

size. Therefore, a crude algorithm was developed for
 
approximating the dbh distribution and estimating pit prop yields
 
by I-cm dbh class.
 

A rough approximation to the dbh distribution of a given
 
hury was constructed as follows:
 

1) Minimnum dbh was predicted 	by
 

[21] DMIN = 14.0132 SPH O 7 OGTH'.41J 2 exp(0.222/2) 

2) Arithmetic mean dbh was predicted from Dq and other hury
 
attributes by
 

-[22] 	 D;a=Du - SPH0.ao00 STHI. 6],,A.,,I 7UQ
 
-xp (-I.693 - 0.05473 .A + 0.2304/2)
 

!.nere L) w arithmetic mean dbh 

3) The minimum dbh was assumed to occur at 2 standard
 
deviations away from arithmetic mean diameter.
 

4) The proportion of trees in each 1-cm dbh class was
 
computed by the normal probability density function,
 
given the mean and variance as estimated from above.
 

5) The total number of trees in each dbh class was computed
 
by multiplying these proportions by total SPH.
 

The dimensions and weights of pit props within each grade
 
were tabulated to estimate the combination of grades derivable
 
from a tree with given pit prop biomnass. Average fresh density
 
of the 33 measured pit props was 68.3 Ibs/ftY (s.d. = 6.74);
 
hence, this figure was applied to compute average weights of the
 
pit props shown in Table 8. 	 Then, by considering dbh, individual
 
pit prop weight, prudicted total pit prop weight per tree, and
 
actual pit prop recoveries from the 31 sample trees, a rule was
 
constructed by which the number of pit props of each grade was
 
determined for dbh classes 7-17 cm (Table 9). Finally, total pit
 
prop distribution was obtained by multiplying the number of pit
 
props of each grade by the number of trees in that diameter
 
class.
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Table 8. Pit prop dimensions and weights.
 

Grade Girth 
(in) Length (ft) Weight (Ibs)
 

1 - special 13 12 
 76.54
 
14 
 12 
 88.77
 
15 
 12 
 101.91
 
16 
 12 115.95
 
17 
 12 130.90
 
18 
 12 146.75
 
19 
 12 163.51
 
20 
 12 181.17
 
21 
 12 199.74
 

2 - special 13 
 10 
 63.79
 
14 
 10 
 73.98
 
15 
 10 
 84.92
 
16 
 10 
 96.62
 
17 
 10 109.08
 
18 
 10 122.29
 

3 - special 13 
 9 
 57.41
 
14 9 66.58
 
15 
 9 76.43
 
16 
 9 86.96
 
17 
 9 98.17
 
18 
 9 110.06
 

4 - special 13 
 7 44.65
 
14 
 7 51.78
 
15 
 7 59.45
 
16 
 7 67.64
 
1'7 
 7 
 76.36
 
18 
 7 85.60
 

5 - ordinary 9 
 6 
 18.34
 
10 
 6 22.65
 
11 
 6 27.40
 
12 
 6 32.61
 
13 
 6 
 38.27
 

6 - ordinary 9 
 6 
 13.34
 
8 
 6 14.49
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Table 9. git prop recovery rules by dbh class. 

Dbh 

class 
(cm) 

Average predicted 
pit prop biomass 

(Ibs) 

Number of pit 

1 2 3 

props Dy grade 

4 3 6 

7 
8 
9 

10 
ii 
12 
13 
14 
15 
16 
17 

26.39 
41.07 
59.41 
81.70 

108.14 
138.98 
174.41 
214.64 
259.90 
310.34 
366.21 

. 
1 

1 
1 

1 
1. 
1 

1 

1 
1 

1 
1 
2 

1 
1 
2 
1 

1 

1 
1 

1 

1 
1 
1 
1 

1 

2 
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4. Simulation
 

Instructions for running the Hury Yield Model are 
presented

explicitly in Appendix B, and the FORTRAN code in Appendix C.
 
The user is given the option of running the bury simulation in

either metric or 'nalish units. In addition, yields of either a
 
new or 
existing nury can be simulated. Once the Hurv7 Yield 
Model is executed, it will request the data n.ecessary to initiate 
the simulation. The stated hury specifications, rhe mortality
model specifications, and the simulation results are 
automatically written to an output file specified by the user.
 
At the end of the simulation this output file can 
then be printed

to obtain a hard copy of the simulation results.
 

4.a. Top heiTht increment
 

All simuiat.ons are ariven by top heiqh i.ncre,,ent.

However, this top height increment can be :ecif .d to remain
 
independent of time, or it can be controlled by 
 :.,. through the

site curves. This allows introduction of a iiffErt time scale
 
when and if better site curves or productivity ificices become
 
available.
 

4.a.i. Top height increment independent off :im.-


If the user specifies that the si;T;uia'Ct1n b.E driven strictly
by top height, hursT attributes are updated in increments of one 
meter (3.3 ft) of top height growth, up th,.col-gh 15 meters (40
ft) total top height. The new top heights are input to equations
[5] and [8], then this set of equations is .2olvednumerically for
 
the new SPH and Dq.
 

4.a.ii. Top height increment driven by site curves 

If the user 
specifies that the simulation be driven by age,
 
a new top height is predicted for each 12 
months of simulation 
from the site index curves. The new top he..qlht:. are again
entered into equations (51 and then system[3], 3he of equations
is solved numerically for t:he updated SP[H .--u D,. 

4.b. Prediction of mortality
 

Mortality is estimated by assuming 
that ,.11 stands follow 
trajectories described by equation [12]. 
 Thus. :.ncc the initial
 
number of stems per hectare and the mortality model 
specifications are set, t:hce pai-h of the hurv zhiough the hury
density diagram is determ.ined. All that reimilns 'LS the speed at
which it follows this parh, a dictated by either site index or 
time independent height Qro;.th increments. The i.n.tial number 
of stens per hectare for exi.;tinq stand:s is comput:ud by again
assuming trajectories described by oquation [121 .:znd[ solving 
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equations [111 and [12] simu.ltaneously, given current SPH and 
current top height.
 

4.c. Prediction of quadrat:ic mean diameter
 

As with mortality, projaction of cuadratic mean diameter is

implicit in the hury trajectories described by equation [12].
Once the number of initial. stenis per hectare is 
set for a given

mortality specification, 
-he chanue in sterns per hectare and
quadratic mean diameter for a uiven increment ot 
top height is
 
completely defined.
 

4.d. Prediction of biomass yields
 

During hury simulation, each of top height, stems per

hectare, and quadratic mean diameter are recorded i.y growth

period. At the end of the simulation, the predictor variables
 
required for appLic-ation of ?auations [17] through [201 
are

retrieved, alic-qinq- estimation of the component biot~ass yields
per hectare. :he 
foraTe fraction is obt:ained by ;[.:plicavion ofequation [9] , aiven the p:ediction for the total biomass of thefine fraction (< :2.0 cm) . Stand attributes (ag(, -2,, SPH and
T1) allow est:n.a:j:..n of a diameter distribution with equations
[21] and [22]. The pit prop recovery rules (Table 9) are then

applied by diameter clasz to predict the pit prop grade

distribution. 
 'inaily, it tre user had requested Enqlish units,
the yields and mean Itand attributes are converted [roin metric,
and either a metric or Enqiish simulation reoort is w4ritten to
the output fie s,- eci_:ied by the user. Su.-MTar'y data .foreconomic
 
analyses are 
also wrirzatn onto the file 'RUPEES.DAT'
 



5. Summaz>'r of yields 

Three types of hury yields can bpre se.nted to o.fer
insights into the productivity of this forestry pracL,.ce. Actual 
plot yields i:idicate actual stand biomass of the 65 measured
 
plots. in addition, 1.ode[ predictions tinder a r;jnce of initial
 
densities on a range of 
 site qualities orovi. ,stt:LjdLes Of 
:.eAi~7,v productivity under varying ianageinent -,.-ni;,.-'irnlly, estii.ates of yield from the :ypic-a]. saco:d -:C 
thinrnin(g/loppincs indicate approximate yield f.7.omf a com;lmon
 
intermediate ooeration.
 

5.a. Actual plot estimates 

Estimated biomass yields of the 65 measured plots are
presented in Table 10, alonq with the .In Lot -sutributes. 
The maximum totai standing iomass was . d :it 6.19 i,:etric
:ons 3er hectar ( 276 tons cer acre) , "i( C, "c Id j n a 7-A* c 


Year old hury, 'Lut only in a ;,all Secul,-: ,,. ry. One 
14

4 " 
yar old aury was estima-ted at 343 (,ons L (153meurLc .,' !ji.ctare
to ns per acre). in general, total bio!ia:; s d_-:i.er for huries 
of a given age with areater basal area, iLtnooc.,h differences in 
top height cause departures from this rule. 

http:d_-:i.er
http:pracL,.ce
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Table 10. Estimated biomass yields by zamtple t4!ot. 

Basal Biomass in Icr/hi by cm-diaim class 
area Stems 

Age (M / per Site height
(mos) ha) ha index (m) <2.0 2.0-6.5 >6.5 Total
 

5 .33 24500 24.6 2.2 12.48 .00 .00 
 12.48
 

17 2.42 50000 
 5.9 2.7 28.97 .25 .00 29.22
 
17 6.38 44000 8.1 3.7 30.97 8.56 .00 39.53
 
17 11.37 33000 
 9.6 4.4 34.08 23.72 .00 57.80
 

18 5.70 11500 8.8 4.3 1-1.29 2.2.89 .00 27.17

18 17.44 56500 12.1 5.3 60.11 47.26 
 .00 107.36
 

29 6.64 7500 0.5 . 16.74 15.86 9.22 41.82
29 6.82 3000 11.9 3.6 19.23 26.50 10.55 56.28 
29 6.95 1000 813.6 6.3 14.67 12.07 
 20.69 47.44

29 8.66 1700 12.2 8.8 24.67 24.83 28.83 78.32 
29 10.26 20500 8.3 6.0 29.00 27.86 .00 56.86
 
29 12.92 1800 15.3 11.1 
 42.78 38.70 56.95 138.43
 
29 13.71 3500 10.7 7.8 35.90 37.34
38.29 111.53
 
29 14.47 6000 11.7 3.5 40.92 63.81 15.16 119.89
29 15.15 7:50 10.8 7.9 40.49 58.68 18.34 117.51
 
29 16.62 8250 "1.3 :.2 
 44.25 56.80 26.91 127.96
 
29 24.37 5000 14.2 10.3 79.00 80.32 91.69 251.01
 
29 35.25 7750 12.1 3.3 
 100.93 99.08 120.03 320.03
 

30 13.06 6500 10.1 7.5 34.29 60.49 2.99 97.77
 
30 13.73 5750 12.2 40.00 23.32
54.74 113.05
 

41 11.14 3100 6.3 i.3 27.16 30.32 25.8;3 33.80
 
41 11.82 6750 7.4 b.6 27.04 44.02 5.1,0 76.16 
41 12.25 12750 7.1. '.3 30.88 ,J. 38 .00 74.76
 
41 14.44 13500 9.5 8.4 
 43.67 56.91 4.63 105.21 
41 15.04 4250 11.9 10.5 49.68 60.83 42.46 153.02 
41 16.71 5500 11.4 10.1 
 53.20 64.78 .12.76 160.74
 
41 16.72 3000 9.3 8.3 44.82 58.9440.20 143.95
 
41 18.23 5750 10.8 9.5 
 54.65 67.53 44.39 167.07
41 19.49 6750 
 10.0 3.3 57.25 5..2: 59.39 175.89 
41 19.57 7500 10.2 9.1 57.r9 8.42 47.09 173.200 

41 19.76 12000 10.9 9.6 59.48 90.42 15.41 165.31
 
41 20.67 3300 11.9 10.5 
 67.76 b7.11 81.91 216.79
 
41 22.20 1750 10.1 9.0 65.65 
 54.65 96.60 217.1.0
41 23.56 14750 9.7 8.6 6 5.33 35..3 33.60 184.36 
41 27.72 5500 11.9 10.5 92.75 -4.97 106.83 294.55 
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Table 10. Continued 

Biomass in kq/ha 

Aqe BA SPH SI TH <2.0 2.0-6.5 >6.5 Total 

47 23.76 3500 12.8 11.9 38.43 85.97 109.37 283.77 
47 28.32 3500 11.0 10.3 88.92 80.76" 119.46 289.14 

53 13.60 7750 7.7 7.5 34.49 55.28 7.23 97.00 
53 17.03 3750 10.3 10.0 53.01 60.47 53.35 166.34 
53 18.13 6250 9.8 9.5 54.76 68.74 42.41 165.91 
53 20.18 5500 10.0 9.7 51.52 71.56 56.18 189.06 
53 20.57 3250 12. 5 . . 79. 70 80.67 94.95 255.3 
53 210.59 6750 10.6 10.3 66.13 78.35 56.20 20 .2.3 
53 21.04 7500 10.6 10.3 -7.75 8.32 46.96 203.04 
53 21.80 10750 10.0 9.7 6C.65 84.52 40.61 191.78 
53 24.53 6000 9.9 9.6 71.46 79.40 71.95 222.80 
53 25.08 6000 10.4 10.1 81.71 87.59 36.49 255.79 
53 25.17 5500 10.2 9.9 85.77 91.11 93.35 270.22 
53 25.90 7000 11.1 10.3 38.73 95.77 88.59 274.19 
53 29.96 4750 11.8 11.4 107.33 107.54 128.22 343.03 

65 13.09 1600 12.0 12.2 51.58 49.58 65.26 .66.52 
65 13.21 2250 11.9 12.0 51.82 52.52 59.61 163.95 
65 17.93 4000 11.8 12.0 66.47 72.49 69.11 208.08 
65 19.53 6500 10.4 10.6 63.05 31.71 44.88 3.89.63 
65 20.35 3250 10.6 10.3 69.11 55.20 86.70 221.62 

67 20.09 2900 11.2 11.4 69.69 65.94 89.38 225.00 
67 20.64 8500 8.6 8.8 58.58 71.56 44.46 174.61 

74 
74 

14.31 
18.08 

2300 
4000 

9.0 
11.5 

9.3 
11.9 

49.40 
66.43 

47.23 
78.22 

61.82 
62.21 

158.45 
206.86 

74 26.51 8250 9.5 9.8 83.82 106.49 64.67 254.98 

0 13.13 9250 7.6 7.9 34.61 49.36 9.59 93.66 
80 15.37 1900 10.5 10.9 54.54 50.35 71.65 .1.76.55 
20 19.02 3500 10.3 10.3 65.36 70.65 70.0 206.31 

39 32.60 2500 12.6 13.2 1.36.52 117.65 195.74 '49.91 
39 45.97 3500 12. 4 13.0 187.51-17 158 .27 j0 619. 03 



5.b. Predictedyields by age, initial density, and site quality 

Simulation runs allow the user to e::plor tie ramifications 
of a range in hury and site conditions. Two sample output- files 
are presented in Appendix D, the first bei; t.he result of a
 
simulation in metric units, and the second a simulation in 
English units.
 

By performing a series of model pre'4lcJions, yields for ages 
one through eight can ne seen to vary both .-y -sitequ,.ality and
 
initial density. General results are not surpri,--:nq: larger
 
trees and hence larger pit props are yielded under lower initial
 
densities, and total yields 
are greater on higher site qualities,
 
at a given age. Other trends in diameter and pit prop

distribution across different initial densities can 
also be
 
observed, as 
can the response of the various biomass fractions.
 

5.c. Yields fro,;z thinning/pruning 

The two plot:s that were measured for orluned branch
 
diameters (plots 4-2 and 30-1) had no cur: :stumps 
 5,resent. 
Applying equation [71 to the tally of pruned branches with 
subsequent expansion by the reciprocal ot plot size gave
estimates of the total forage biomass produced by the pruning. 
The two estimates of forage biomass tere: 

Plot 4-2 : 2.6725 metric tons [::r ha 

Plot 30-i : 0.2621:netric tois p.-r ha 

Plots 4-2 and 30-1 contained 12,750 and 3,500 stems per hectare,

respectively. 
The pruning on plot 4-2 u:-sulted in approximately
 
189,500 pruned brz:nches per hectare with -an average diameter of

0.87 cm. The pruning on plot 30-1 summed to approximately 
144,250 pruned branches per hectare with ,ri average diameter of 
0.52.
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6. Economic Synthesis
 

A hury typically is established by broadcast or line sowing of acacia
 

seeds together with agricultural crops. In Sind, only one agricultural
 

crop is generally interplanted during the first year, and this crop tends
 

to be cotton. Because of the agricultural crop in the first year, scarce
 

irrigation water is allocated by the farmer to the hury as it would be to
 

any other parcel growing agricultural crops. From the second year on,
 

water is allocated to the hury on a residual basis only; i.e., after all
 

other parcels with agricultural crops have received the necessary or
 

available amount. Because of this practice, irrigation in the yield model
 

was not treated as a separate decision variable; rather it is accounted for
 

implicitly in the site index.
 

After the hury is harvested, the parcel of land reverts back to
 

agriculture. Because acacia nilotica is a nitrogen fixer, no fertilization
 

is needed for the first two to four agricultural crop rotations following
 

the hury. After a greatly variable number of crop rotations (this number
 

apparently depending on the rate of siltation and hardpan formation and the
 

need and market for hury products), the parcel can be allocated back to
 

hury management.
 

The economic synthesis is restricted to one hury rotation. To present
 

the overall economic synthesis for the rotation, an internal rate of return
 

is calculated and presented for each management alternative adopted in the
 

yield model. Since cash flow is an important (sometimes overriding)
 

consideration for farmers, the revenue and cost stream per year is
 

presented as well.
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a. 	Data Collection
 

Data on costs and revenues were collected through interviews with the
 

farmers. These data were checked and amplified by the principal
 

authors in discussions with knowledgeable field experts from the Sind
 

forestry service and other agencies. Where no data were available,
 

best estimates from elsewhere were used (and indicated for the specific
 

cost and revenue category). In the simulation of the module, the user
 

can substitute different numbers for the costs and revenues.
 

b. 	Costs
 

i. Site preparation costs were put at 815 Rp/ha. This includes all
 

costs to prepare the site for sowing the acacia seeds (generally
 

consisting of ripping up rows) and for the cotton crop.
 

ii. 	 Cost of acacia seeds for sowing was put at 25 Rp/ha.
 

iii. 	 Cost of cotton plants was put at 100 Rp/ha.
 

iv. 	 Labor costs were incurred for sowing the acacia and planting the
 

cotton during the first year, as well as for minimal tending,
 

irrigating the land, and harvesting the cotton crop. In subsequent
 

years, labor is needed to tend the huries and to collect foliage,
 

small branches, and pods for fodder, cut firewood and pitprops, and
 

irrigate the parcel (if applicable).
 

YEAR
 

Labor Costs 1 2 3 4 5 6 7 8
 

+irrigation
 

charges 644 1,040 742 742 618 600 600 600
 

(in 	Rp/ha)
 



v. 	Cost of pesticides was put at 500 Rp/ha.
 

vi. Cost of fertilizer was put at 406 Rp/acre, or about 1,000 Rp/ha.
 

vii. 	A land rent of 1,000 Rp/ha was adopted to cover the cost of using
 

the land.
 

viii. 	 Irrigation water is reportedly free; however, a nominal fee of 20
 

Rp per application is used, with 4 applications assumed for the
 

first year. Since during subsequent years (2, 3, etc.), water is
 

made available only to the extent that it is surplus, only 125
 

Rp/ha were assumed paid for irrigation.
 

c. 	Revenues
 

i. 	The cotton crop was estimated to bring up to 10,000 Rp/ha during
 

the first year, assuming 15-20 mds/acre.
 

ii. 	 Loppings and foliage produced and sold for fodder at Rp 500/Kg. The
 

foliage and the forage proportions in fine fraction are produced by
 

the yield model (100 for third year, 184 for fourth year, and 216
 

for 	fifth year).
 

iii. 	The fine fraction proportion not used for forage is assumed to be
 

used for windrow fencing. Assuming that windrowing costs equal
 

revenues received, no net revenue is used. This probably results
 

in a slight underestimate of net revenue since a fraction of this
 

normally is used as fuelwood.
 

iv. 	The fuelwood yield per year in kg/ha as produced by the yield model
 

is converted into revenues assuming the price for fuelwood that is
 

represented in the program.
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v. 
 Amounts and grades of pitprops produced at different ages from the
 

yield model are converted to revenues using the following prices:
 

Grade Price (Rp)/Piece
 

1 30
 

2
 

3 27
 

4 16
 

5 9
 

6 	 5
 

vi. 	 No specific data were available on the amount of nitrogen produced
 

by 
acacia and available for subsequent crop rotations. Two 

indirect measures of this revenue were available: 

-- Studies of alder (Alnus) and ipal-ipal (Leucena) show that 

amounts equal to 100 pounds of urea/acre or 125 kg/ha are not 

unreasonable. This would translate into ...Rp/ha. 

-- Since no fertilizer is needed for the first 2-4 crops after a 

hury rotation and since a fertilization tends to cost 300
 

Rp/ha, the benefit of acacia nitrogen fixation would run to
 

1,500-3,000 Rp. This assumes two bags of DAP and one bag of
 

urea for cotton, and one bag of DAP and one bag of urea for
 

wheat.
 

vii. Huries produce other benefits. Acacia flowers twice per year in
 

Sind, producing biannual honey crops. In addition, the flowers are
 

gathered and used for medicinal purposes. While the tree flowers
 

biannually, it produces pods only annually; the pods, eaten by
 

animals, are not reflected in the foliage or fine fraction forage
 



produced by the yield model, and thus are an additional benefit.
 

At harvest, the bark of acacia often is used for tanning. Finally,
 

the 	major roots and stumps at harvest are used for fuel; since they
 

are 	difficult to gather (but at the same time have to be removed to
 

make a place for the agricultural crops), it is assumed that costs
 

of removal equal revenues received. Together, these benefits are
 

estimated to amount to 2,600 Rp/ha (or 2,324 + 216).
 

d. 	Economic Calculations
 

Each of the cost and revenue amounts can be changed. The computer,
 

using the yield model outputs and the costs and revenues specified in
 

sections b and c, produces an annual net revenue statement. In
 

addition, an internal rate of return is calculated for a hury rotation
 

for each management alternative.
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7. Recommendations for further -,.'ork 

It cannot be overemphasized that this current version of
 
the Hury Yield Model should be considered a temporary, first
 
approximation. Numerous components seriously need further
 
refinement. The framework constructed in the 
current project,

however, should serve as an effective model for both interim
 
projection of hur, ,- yields and identification of data needs for 
future improvements.
 

7.a. Growth data 

The data from which the Hury Yield Model was constructed
 
were yield data, not growth data. To accurately project hury
 
growth under varying silvicultural regimes, collection of the
 
latter type of data is essential. Note that this will require
establishment of p¢ermanent or semi--permanent piots. By securing
growth data over a :anq-e of stand and site conditions, direct 
prediction of growth .iil be facilitated, mnd insights into hury 
growth will proress beyond simple estimates of yield.
 

7.b. Mortality data 

The lack of mortality data for Version 1.0 should also be
 
stressed; the mortality model at present is based only on the
 
general biolo,:ical principle of a maximum size-density

relationship and th e subjective design of an asymptot.ic approach

to this maximum size-density line. Although this ::odeling
 
approach has been taken quite successfully in North American 
forest growth models, and hence is expected to perform well tor 
Acacia plantations, parameter estimates need co Le more 
firmly based on data from permanent or semi- permanent plots.

Considerable flexibility exists in the curre-nt version for 
adjusting mortality rates commensurate wi.Lh 'cal observations, 
but it should also be kept in mind that predictc:d yields can be 
rather sensitive to changes in :-ortalitv spec: itications. 

7.c. Biomass equations
 

The individual tree biomass equations were ;Dased on a fairly
limited sample size; however, quite satis .- ctcy fits were 
obtained suggesting that, although addi:-ioni. 'ala wollld result: 
in sliqht changes in parameter esti.Iaites. ':,2edictive power would 
not be drastically improved. in contra.t, r re.;olution in 
the predctions would confer grettter -:-;spht.; intoecil.ly the 
economic impications of variou: managteie: o!t ons. The forage
fraction of the finest biomass .omponent ,-"'nLuiso be Liproved
in regard to both parameter estination and :*e[neition of exactly
what constitutes this fraction. 

http:asymptot.ic


"'JrYi- !d 7,ode! . -'1 
7. c.i. Conversion to pit prop rades 

For economic analysis the most glaring deficiency of the
 
current version is the crude level of product size class
 
information. One immediate approach to iproving the 
current
 
technique for constructing a diameter distribution would be to
 
apply the method of moments to recover the oara-neterc of an
 
assumed diameter distribution (Hyink c.nd I-loser 1983). jLiiited
 
success was obtained in a first attempt to impose either :i
 
Weibull or normal diameter distribution on sinlulated huries in
 
this manner. However, a parameter recovery approach would ensure
 
compatibility of the diameter distribution with model predictions

of basal 
area per unit area, unlike the current approach. it
 
should also be pointed out that the lack of taper equations (and

the difficulty of developing them) limits the utility of diameter
 
distributions, unless rules such as :I-ose ') rcsented in Table 9
 
prove sufficient. It also would be wcz-vh'ir .. :2 to :onsider
 
continuing the hury rotation up no L5 so nh.i:
'',,urs sawrimber
 
and poles are produced, thereby aliLri..: .ssessmtnnt of the
 
economic advantage/disadvan taqe o- exteaua,d r.otc.:ic lengths.
 

7.c.ii. Estimation of the forage fracti.:)n 

More data are needed to produce bel:t'r .sri.iates of the
 
the fraction of fine (< 2.0 cm) biomass ':orIt.-i.buted by forage

material, including both foliage and succuleit: -wigs. On one
 
level, the sample size simply needs to be J.,creased. .Ln
 
addition, however, relying random oL '.0 cmon ;ul.-s braiiches
 
is not ideal. Some of the br.inch materia,. . 2.0 cm derives fZom
 
branches which are considerably smallhar t! .G and which
 
emanate directly from woody material much ue a; er than 2.0 m.
 
If the forage fraction ot these smaller br.inches deviates 
substantially from the fraction of 2.0 -m !,nc:es, a potential

bias could accrue by sampling only 2.0 cmn banchus. An improved

design would provide for random sampling uf _ili branches which
 
are < 2.0 cm and which emanate from a branch or bole > 2.0 cm.
 

7.c.iii. Definition of foraqe fraction 

Considerable uncertainty is apparent in identifying exactly

what material is consumed as forage by goats (or any other
 
livestock). Although it .s rather straightforward to sepatate

foliage from t:wiqs and woody material, the Lact that local 
villagers present widely differing views of the diamnetek- ot 
twig material consumed by goats introduces fucther variance .fto 
estimates of foraqe biomiasn. An accurate ,' eti.nition (it forage
material is required fior imr-coved estima re; of thi; biolmass 
component. 

7.d. Response off huries to cultural practices 

The current data Jace i.s .ather inadequate for projecting
response of huries to heavier levels of hinnig than currently 
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practiced. Therefore to 
explore fully the economic imlications 
of 
intensive and heavy thinning schedules, experimental plots will
 
have to be established either on land administered by the Sind
 
Forest Department or on lana owned by cooperating landowners.
 
These plots must receive a range in initial sowing densities and
 
subsequent thinning schedules, thereby facilitating

identification of growth responses 
to the full range of possible
 
management regimes.


Other cultural treatments, such as the effect of broadcast 
vs. 
drill seeding, or the response to fertilization, can
 
also be explored; the effects of many of these treatments will
 
have to be 
assessed by tightly controlled experiments.
 

7.e. Productivity index 

Productivity of huries at pe;rs to be closely related to the 
amount of irrigation received. Thus, application of classical
 
site index procedures will always leave much room for
 
improvement. At tne next staqe, either a new productivity
index could be cesearched or betzer site index equar.ions could be 
constructed.
 

7.e.i. Improved site index curves 

The guide curve technique applied in construction of the
 
current site index curves 
contains several stong assumptions

about the data. Probably rost important is the assumption that
 
the same distribution of site quality classes is 
repre,;ented at
 
all ages of samrnl-d huries. Also, the shape of top heiciht growth

for all site indices is assumed constant; that is, the site
 
index curves are 11 constant pD'oportions of one another.
 
Greater flexibility in modeling top height growth is introduced
 
by obtaining time series data on the cumulative height crcowth of
 
individual trees. 
 This approach will prove difficult i;-Acacia
 
since this type of data is usually collected by stem sectioning

and aging by growth rings. However, repeat measurements on
 
individual trees, if done in a quality manner, can Also generate
the data needed for more sopihisticated techniques ot ccnst,:ncting 
site index equations. 

7 e.ii. Index of ii-riTation amount/frequency 

The ideal productivi.ty index would abandon sir.e index 
altogether, and instead rely on some numerLcal index of 
irrigation frequency cr.,.irrigation amount. in essence, a cutoff 
of irrigation water, or an acceleration i!i frr-qu0ncy and ainouni:,
would change the a!"parent:.-i e index sincu top Ihkioiht growth
rould drastically deceleract or accelerite, -:..-.,.e L,. Thus 
keying the productivity index into its ,a ,o11,etI=!milmnt rather 
than current cumulative :op height growth 4t;rs; considerable 
appeal. Experimentation Hat: Iiani or c.ose c3uttlCl alnd 
documentation of irrigation on plots on pcivate land could yield

the required data.
 

http:productivi.ty


Hury Yield 1'0d'el 44 

7. . Economic assumptls 

The economic information on costs and revenues are subject

to change. This 
can easily be handled. More interesting would
 
be to embed the results of the more 
important simuiacions runs
".nto a general linear programming framework to evaluate where the
farmer should allocate his efforts and resources. A linear

programming model which would maximize net (discountIed) revenue 
of 
the whole farm for the different Possible agricultural hury

crops, subject to constraints on available irrigation water, labor
 
(perhaps separated for women and men, tenant, and owner),

capital, land parcel suitability, etc., on a monthly basis would
 
be quite revealing and potentially of tremendous practical
 
significance.
 

8. Conclusion
 

Comparison of huury yields to published estimates of net

annual primary production inidicates that: the mean annual
 
increment 
 of huries rivals some of the most productive forest 
systems in the world (Art and Hlarks 1971). As a private forest 
practice yielding attractive profits for the landowner, hury
management can borrow from many techniques in classical timber
 
management. Hury silviculture is a prime 
 example of intensive
plantation management, differing from other foresty practices
only in regard to the c.o.ar uuiiizacion standards and wider
variety of outputs. As a -:esult, classical silvicultural 
questions are directly p.ertinent to hury management, including
definition of cultural rccjimes likely to produce optimal
quantities and qualities of pit props and firewood. 
Specifically, the influence of different initial spacings and
various thinning :cheittles requires def-aintion, but perhap.-s of 
greater importance for pit: prop value is the interaction of
pruning with different stand density reg.ices. Again, these are

all classical timber management problems, but in the context of
huries, 
closer utilization of leaves and branches necessitates 
consideration of severai other outputs as they are affected bysilvicultural manioulation. The described Hu,:y Yield Model and
economic Synthesis attemptS to construct an iA.itial framework: for
gaining better insight into these issues of iary manaqem. ,t. 
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HURRI IDENTIFIERS 
 ,.'ATE 

.	 Species (Acni=.Icacia nilotica, Dasi=filber-ia,
 
sissoo, Euc=Eucalvpus) 
 4

2. Tree establish.:ent -ethod and date (no-yr) 
(RS=row seed, BS=broadcast seed, PL=planted


3. Species and date of agricultural crop planting
 
( CO=cotton, GR=grain)
 

4. Irrigation
 
a. Type (UREG=regular, SEC=secondary to agr. crcps, 

aE=seepage only)
 
b. Frequency (in days) 

5. Soil (l=well drained, fertile; 2= intermediate in 
drainage and fertility; 3=saline/waterlogged) 

6. Topography
 
7. Farm attributes
 

a. 3iz; (total, agric., trees, fallow) 
 1 
t. 	 I 

b. 	 Available labor, type and nu:,.ib--r (F=farmer,
 
FAI.=farmer + family, 7EI=tenants)
 

c. Cattle grazing (type, number, durati)n) 

d. .!ater constraints (when, how long) 

COST 	 REVENUE
 

I. Management activities DATE TOTAL RATE TOTAL
-RATE 


a. Land ren 	 it 

b. Site prep 4_ _ !]
 
, ,_______________i I I
 

c. Water for irrigation 	 _, __ .1 
d. Labor for irrigation 	 3I iII 11 
e. Agricultural crops, sed
 

"ending i _ _
h 	 :'s]t 

I, II 	 it 
f. Tree establisheient 

g. Loppng 	 ! " 

! ., 
h. Thinning 	 i_ _ ____ 

i. Final tree harvest 	 I I 
(includes roots & stumps?) 
 I 	 " 



HURRI IDE:TIFIERS _ DA__ 

9. Other activitiels 
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Hury Yield 1!!d. 

To .Runthe-_Hury ._Y i eld__Model 

Turn on power for the 1BM PC/XT/AT microcomputer. 

Press 'CAPS LOCK' key.
 

3. 	Place HYMNS diskette in floppy diskette drive A.
 

4. 	If not currcntly on Drive A, type
 

A:
 

5. 	Type HYM, then press (Retu-n>.
 

6. 	 Answer all the questions unait the procram prompts for,
 
following each answer .-7i,:h .± <1:,_--tAurn>.
 

7. 	 If at any time the user would lik:e to start over, press
 
Ctl-C, and start at (4) above.
 

8. 	After simulation is completed, )rint the output file by
 
typing
 

PRINT output til3name 

To reset the. yieldmodel mortality - seecifications 

1. 	Type
 

SPEC
 

and press <Return>, th. n answer the prompts, endinq each 
answer with <Return>. 

2. If you do not want to change thie default values oE tie
mortality parameers, press <Return> five times : fter" 
executing SPEC.
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SDEBUG 
PROGRAM CRO
 

--------- THIS SERVES AS 
 ,:F THE 
(HYM) 7HE PROGfA! REQUZ-STS THE IIITIAL INFORIIATIC'1 

--- REQUIRED TO SIIUL.E HUY. 
INTEGER SPH,AGE,ISFH,I 
REAL CONI, CON:2, CC;J2 ,Sl, TA3LE (20, 4) ,.2Q, MAX. L!, NOD, NORT, 

... ?!-HE C.?. E HURY YIELD MODEL 

+ LDQ, L 2SP0,A, SP.I, LSPh, XL (3) , FX ( 3) S--HCUl'-, (-IT, CTH, 
+ 	 SMX, X, B4, B5
 

CHARACTER OUT"i0,DRIVE*3,U. ]ITSx3,RES.-3
 
COMMON /UN/U..iITS DRiVE
 
COMMON /STAND/AGE ,SPH. ST. ,TH, LSPHO
 
COMMON /CONV/CONi, CON2,7")N3
 
COMOrN /TAB/TAB!1E
 
COIIMON /SYST/SPCUR
 
COMMON /AGEC /AG
 
COMMON .,NOR/MOD , B4, 3 5, S! IX, MX
 
COIMOI /OU/OUT
 
OPEN(3,FILE='SPEC.DAT')
 

C------- INPUT MORTALITY MODEL SPECIFICATIONS 
READ(3,3001) NOD,SMX,B4,B5,*X

3001 FORMAT(F4.2,F5.2,F6.1,F6.2,F '2)
 

C------OP C.UTUT FILE FOR ECO!VMICC 'NALYSIS
 
OPEN (1,FILE= 'TIUPEES. DAT' ,.' .'- 'lEU')
 

C- ------- SPECIFY CUT PUT FILE
 
7 'tRITE(*.,9999)
 

9999 FST'TE 
 TE NALIE OF YOUR OUTPUT FILE:') 
READ( 1,9998) OUT 

9993 FORMAT(A10) 
OPEIN(2, FILE=OUT,STATUS='NEW' ) 

C------- CHOOSE BETWEEN METRIC OR E1IGLISH UNITS
 
WRITE ( , 9994)
 

9994 FORAT(//1x, 'WOULD YOU PREFER ENGLISH OF. 
 METRIC UNITS?'/ 
" lN, 'TYE [El FOR ENGLISH OR ['-I] FOR HETRIC: ') 
READU(,9993) UNITS 

9993 FORIAT(A3)
 
C ------ COMPUTE APPROPRIATE CONVERSION FACTORS
 

IF(UIIITS.EQ.'E') THEN
 
CON1=2.54
 
CONl2=2. 47
 
CON3=0. 3048
 

ELSE
 
CON 1 =1
 
CON2=1
 
CON3=1. 

EIIDIF 
C------- SPECIFY SIM"IULATION OF A NEW HURY FROM BARE GROUND OR 
C AND EXISTIDG HURY 

WRITE (x ,9985) 
9985 FORMAT(,/!, 'WOULD YOU LIKE TO GROW A 1;EMEW OR AIN EX-STTiNIG HURY? '/ 

+ !X, ' "N FOR NEW HURY'/ 
+ I..f .OR EXISTING HURY: 

http:CON1=2.54


-........TrUT ATTRIBUTES 
 OF NEW OR EXISTIIIG ;'.'RY
 
!F(TYPE.EQ. ' )' TiEN,
 

CALL 'NEWIN' 
ELSE
 

CALL EXIll
 
ENDIF
 

C --- ---EXPRESS
 
C ------- DISPLAY RECORDED HURY ATTR.IBUTES
 

-F ('JlI T S . E0. -' ) THEN 
VIRITE(k,7777) SPHTH,AGE.S
 
WRITE(2,7777) SPH,TH,AGF.ST


7777 FORAlT(//1X,-OU 
 HURY STA&T' I 
 "TM- FOLLOWING ATTRIBUTES:'/
+ 3X, 'STEPIS ?ER HECT.- = .16/ 
+ 3", 'TOP ;EIGHT, HETEIRS .r5.1/
+ 3.K, '.AGE = 4 ,/
+ 3X, 'SITE INDEX, METERS = .F5.1///)

IF (SPH.GT. 50000. OR. SPH. LT. 100 THEN 
WRITE(* ,6709)


6789 FORAT(//1X, 'DESIRED STAND DENSITY IS OUT OF DATA RANGE 
!0)
 
STOP
 

E.DIF

!F(Slr.( T.14.O:'.'I.LT.6) THEIT 
IF(DRIVE.EQ. A') THIEN
 

WRITE f -, 657 S3
 
67S -] -OR.:1AT(/
/., DESIRED SITE 
INDEX IS OUT OF DATA RANGE
STOP	 I')
 

ENDIF
 
ENDIF
 
WRITE(* ,7277)


7277 FORMAT,IX, 'DO YOU WANT TO RESTART THE MODEL?'!
 
+ 

+ 3., Y] .- YES '/OR
,' [: ,, HO: '/) 

ELSE
 
WRITE(*,6777) SPH,TH,AGE,SI
 
WRITE(2,6777) SPH,THAGE, SI
6777 FORl.IAT(//! -,'~yo:R:-.JRY ..
TaTS WITH. THE FOLLOWIA G ATTRIBUTES: '//
+ 3X, 'STEIIS !-ER ACRE = ' 6/ 

+ 3X, 'TOP HEI.;HT, FEET = ',F5.!/ 
+ 	 3X, 'AGE = ' -4/
 
S3Y, 
 'SITE INTDEX, FEET 
 ',5 i/"/')
 

IF(SH. GT.202-..SH.LT.400) 
THEI
 
WRITE( ,C789)
 
STOP
 

EN;DIF
 

IF(SI -T.46.oR SIT 

,0 H....
 

WRITE (* ,6788)
 
STOP
 

EIJDIF 
WRITE(*, 7377)


7.77 FOPRtAT(iX, ':'0 
 YO...tfANT :. RESTART THE HODEL?'I 
, . rfO., YES' 

+ 	 3X, '[if] FOR H O:! )
 
ENIDIF
 
READ(*,9900) RE3
 

3900 FORIAT(A3)
 
IF(RES.EQ. Y') C 70 7
 

http:IF(RES.EQ
http:GT.202-..SH.LT
http:IF(DRIVE.EQ
http:SPH,TH,AGF.ST
http:F(TYPE.EQ


----- ECORD NORTALITY SPECII"CAT'IOi!3 H OUTPUT FILE

WRITE(2,2222) MOD.S".'
54-5.:.!X
 

2222 FORMAT(/1X, 'IIORTALITY SPECIFICATIONS ARE: '/
 
+ 6X, 'OD = .
+ 6X, 'SHX = ',F6.2/ 
+ 	 6X, 'B4 = ' F _,/
 

'
 + 6: 'B5 = ',FG.. 
+ 6X, 'NX = F Z'5) 

C-------CONVERT TO HET.IC
 
SPH=SPH*COII2
 
TH=TH * CO113 
SI=SI*COJ3 

C------- GROW HURY WITH SUBROUTINE GROUE IF SINIULATING EXISTING HURY 
C------- AND SUBROUTINE GROWN IF NEW HURY 

IF(TYPE.EO. 'E') THEN
 
CALL GROWE
 

ELSE
 
CALL GRQW.;lli
 

EIIDIF
 
CALL REORT
 
STOP
 
EID
 

http:IF(TYPE.EO


S-EBUG 

UB.r.....E 1EWIN
 
"HIS SUBROUTIINE REOUESTS 
 "*NUT _FOR .... A...7 ETW 

H',T.EGER AGE, SPH 
REAL CONI,C0N2,CON3,SI,T: c -3Lr:,20, I) , LDOAX,tI.OD,MORT,

+ LDQ0 LSPH0 AG, 0-	 , ODILIORT, 

+.. 	 . .. . . . . .,_X( 3 ) ,S 2 C U R , C R I T , C TH , 

CHARACTER OUT-10, DF.VE13 U1,IT-3, ANu35
 
COMMON /'Ur/U.NITS, DRIVE
 
COMMON /STAl!D/AGESFHSI ,TH,LSFH0
 
COMMON /CONV/CON!, CO112, C013
 
COMMON /TAB/TABLE
 
COMMOIi /SYST'/sPHcuR
 
COMMON /AGEC/AG
 
COMMON /HO.i1OD 5, S1,1X, 'IX 
AGE=0 
TH=0
 

C------- REQUEST IITIAL NUMBER OF STEMS PER UNIT AREA
 
IF (UNITS. EO. '') THEN
 

WRITE (*, 9995)
9995 FORMAT(//IX, 'PLEASE ENTER INITIAL NUMBER OF STEMS PER HECTARE: ') 

ELSE
 
WRITE( , -; ... )5


89 95 SORIAT~.. . r 7R 
 I-TAL 1UMBEP. OF STE1S PER ACRE: 
ENDIF 
READ(*,9993) SPH 

9996 FORNAT(I7)
C--------ALLOW HURY TI['LAT:OT TO BE DRIVEN BY AGE OR TOP HEIGHT 

T;RITE ( *, 997)

9997 FORMAT(//IX, 'WOULD YOU LIKE 
 TO GROW THE HURY BY AGE', 

+ I OP TDP HE-IJGT:"'// 
+ 	 X,' LA] FOR AGE'/ 
+ _X, , i1 FCR TOP HEIGHT:') 
READ(*,99931 DR7VE 

9993 FORMAT(A 3)
C--------INPUT SITE 7 7 1 

IF(DRIVE.EQ. 'A') THEN
 
IF(UNITS.EO. ':v) Tr.,Ejj
 
WRITE ( * ,993 )
9988 FO0RMA T ," ], ''? T ... '...9, 
 ?L ..... E!'TER SITE ID-EX IN IJETERS' 

+ ' [BASE AGE 5 YRS OR 60 NONTHS]
ELSE 

WRITE( 9
 
3988 FORMAT,/'-" 'PLEASE .IIT".R SITE INDEX IN FEET', 

+ ' [ASE A, YRS OR 60 M.IONITHS]
EID IF 

CALL AINSCHK(SI) 
ELSE
 

SI=0
 
ENDIF
 
RETUN 
END 

http:IF(UNITS.EO
http:IF(DRIVE.EQ


C--- ---- :-JBROUTI'1E .OO ,.E,'DIUG SI IN FREE FOP.HAT 
"JBROUTIN[E ..... X J 
IINTEGER K 
REAL .'.IIJ.-
CHARACTER A5 AS 

80 READ(*, ' (BN,A5) ')ANS 

DO 82 K=, 5
IF(N(ANS 1,K: K) . LT. '0' .OR. I.NS(M K) . GT. '9') .%ND. 

1 ANS(K:K) A!E. ' ' .AND. ANS(K:K) .NE. ' ')THEM 

WRITE ( , 85) 
GO 	TO 80
 

ENDIIF 
2 CONTINUE
 

IF(ANS .EQ. ' ')THEN 
WRITE ( *, 85)
 

85 FORNAT(14X,'*** ERROR - REENTER --- > '\)
 
GO TO 80
 

END IF 
DO 	90 K=I,5
 
IF(AIIS (K:K) .EQ. ' ' THEN
 

READ(AIIS, F5. L) ' ,-IUH
 
GO TO 100
 

ENDIF 
90 	 CONTINUE
 

READ(ANS, ' (BN,15) ')K
 
XIUH=REAL (K)
 

100 RETURN
 
END 



SDE BUC, 
SUBF.OUT:?;E EXIN 
- .-THI &SUBROUTINE REQUESTS INPUT FOR ":!iULAT-')!- OF EXISTING HURY 
INTEGER AGE, S21
 
.,EAL OHCC2,C3, SI,TH,TABLE ( 2,4, ,LDQ,.IAX, 'I,NOD, .ORT, 

+ LDQ0,LSPH0,AG,SPH0,LSPH,XL(3) , 3) ,LPHCURCRIT,CTH, 
+ SiX ,"X 
CHARACTER OUT k1 0 ,D RIV E k3 , U I T S 3 ,,kN S 5
w wv

COitMONiU /UNITS,DRIVE
 
COMMON /STAND/AGE,SPH,SITH,LSPH0
 
CO1,1,01 /CONV/COH,Ji, CON2, COIi3
 
COMMON /TAB/TABLE
 
COHNON /SYST/SPHCUR
 
COMMON ,/AGEC ,'/AG
 
COIHO /IOR, IOD , 34, E i5,X, I.IX
S 


C ------ REQUEST INPUT OF NUIIBER OF STEM.IS 2ER UNIIT AREA
 
IF(UNITS.EO. '11') THEN
 

WRITE ( x , 9995)
 
9995 FORAT(//IX, 
'PLEASE ENTER CURRENT NUMBER. OF STEMS PER HECTARE: ') 

ELSE 
WRITE(*, 995)
 

8995 FORMAT(//IX, 'PLEASE ENTER CUIRREIT 
 NUMBER OF STEMS PER ACRE:') 
ENDZF 
?.EAD(,9996) .2PH 

9996 ,'OP.2T(I7)
 
C---------- TER CURRENT TOP UEIGiT 
 OF £: G vY
 

IF (U11T3.EQ. '.') THEN
 
WFITE(IfE ,9992)
 

9992 FOR.MAT(//!X, 'PLEASE ENTER CURREIT 
 2OP '-.E:GhT IN METERS:
 
EILSE
 

WRITE ( ,992)
 
3992 FORMAT(//1-Z, 'PLEASE ENTER CURRE :T 
 TOP HEIGHT IN FEET:') 

E'IDIF 
CALL ANSC.: (TH) 

C-------ALLOW URY IMULATION TO BE DFRIVENl PY AGE 0, TOP HEIGHT 
IIITE ( I-, £:9997) 

9997 FORHAT(//lX, 'WOULD YOU LIKE TO GROW THE HURY BY AGE',
 
+ ' OR TOP HEIGHT?'// 
+ iX, '[A] FOR AGE'/ 
+ IX,' [H] FOR TOP HEIGHT:') 
READ(*,9993) D"IVE
 

9993 FORMAT(A3)
 
C-------- ETER HURY AGE IF DRIVING SIMULATION BY AGE
 

IF(DRIVE. EQ. 'A' ) THEN
 
WRITE (* ,9990)
 

9990 FORHAT(i/IX, 'PLEASE ENTER CUR.RENT ACE 
 J IONTHS:
 
READ(*, 9939) AGE
 

9939 FORIAT (I. )

SI= 0.94 139)0.THl{! 0-EXP -0.005 4S~,A E k - I*.7 5 952 

ELSE 
AGE=0
 
SI=0
 

ENDIF
 
RETURN
 
END
 

http:U11T3.EQ
http:IF(UNITS.EO


$DEBUG
 
SUBROUTIIE GROWN
 

C ----- THIS SUBROUTIIE 
 GROWS . "iE. STAND GIVEN THE INITIAL SPH 
C ------- AND SITE INDEX, OR GIVEN JUST THE INITIAL SPH 

INTEGER AGE,SPH 
REAL COT !, C0112, CO 3,SI -r--.BLE- 20,4) ,LD , Ill, MOD, MORT, 
+ LDQ0,LSPH,AG,SPH0,L :H,XL(3) FX(3) SPHCURCRITCTH, 
+ SHX, HX 
CHARACTER OUT'IO,DRIVE.,UTT.*3
 
COMMON /UIJ/UNITS, DRIVE
 
COMMON /STAHD/AGE,SP-H,SI,TH,LSPHO
 
COMMON /CONV/CON1, CO12, COII-3
 
COH'ON /TAB/TABLE
 
COMH*"ON /SYST/S'?lrCUR
 
COwN ON / A : ,...,
 
COI.H!OII /1..;OP,'rjL',1 34 " .,
 
XSPH=SPH
 

C------- COHPUTE "2 
PK C,.RREINT SPH 

C.-------COMPUTE L DENSITY;T-, LINE FOR COMMENCEMENT OF MORTALITY 
1I=LOG (MOD) +7. 6441
WORT=1HI-. 62>0":C.7:.xsH) 

C------- SET I1IIT'IAL R OF STEWS PER HECTARE
 
LSPHO=LOG "'S-:
 

C------- IF DR V7G e , , DETERNI!IE NEW TOP HEIGHT, DQ, AND SPH
 
IF(DRIV1V) Q. i1
0 

DO 2CO . -L.
 

AG=I 12
 
TABLEC,! C=AG
 
TABLE(I, ()=,3 -ST
'(±.O-EXP(-0.C'564826AG))*1. 
 75952
T 2. . 3'7 7*LSFH0+!. 

C-------------

TESTTE 2 .30- ,...., 09530*LOG (TABLE (1, 4) 
ASSESS . " ....JRY IS 
WITHIN ,CLPETTOf.. MORTALITY ZONE,


C-----------
 A1D IF U::OV E 
 OR NEW SPH GIVEN IN'IITIAL SPH AND CURRENT
 
C----------- TOP HEIGHT
 

IF(TEST.G.;1OPT THEHI
 
CALL SY.
 
TABLE(I,,2 SE' T7L,
 

7.,:! CftETITIOM
IF.--------------'NOT .. ORTALITY ZONE, 
?PH- MAINS
 
C------------- C O1,' TA'IT
 

TABLE , 2 =' XP LS,O,
 
EIDIF
 

C------------ CC.PU'E EI DO 7F ,i 1,NDF.
L.. ...--- 0B 


TABLE (1, 3) =EXP (LDC!
 
10 CO.'TINUE
 

2' 23 7ET.I) ) I 
S 
0 )5 3*L O G(T A 31L2(1,4)) 



------------- 

11 

C - IF DRIVING 3Y HEIGHT ;.QWTH, GROW TOP HEIGHT AND CETERLIIHI 
-- HEW DQ AND SPH 
ELSE 

DO 1. I=12,15 
AG=I 
TABLE (i,4) =I 

-------------ASSESS WHETHER HURY IS W.ITHIN CONPETITION lORTALITY ZONE, 
------------AND IF SQ, 3OLVE FOR NEW SPH GIVEN INITIAL SPH AND CURRENT 
------------ TOP HEIGHT

TET2.37-.2707,,L'j-'-:0+l . 09530.*LOG (TABL:-'-, r 4)) 

IF(TEST..T.u[ORT) THEN 
CALL, SYS 
T.BLE(I, 2)=SPHCUR
 

--------------IF NOT WITHIN COMPETITION MORTALITY ZONE, SPH REIIAINS 
CONSTA!IT 

ELSE
 
TAELE( '-))=EXP(LSPH0) 

------ 'CC!UTE JEW.; D. FROMI TO: HEIGHT AND 3PH 

TABLE (i. 3)=E::F(LDQ) 
CONTI 'UE 

ENDIF 
RETURN
 
END
 



$DEBUG 
SUBROUTI~iE GROWE
 

C-T....THIS SUBROUTINE 
 GROWS 461 EXISTING HU.lY .lIVEN ITS CUR-RE"NT
 
C--..... SPH, TOP HEIGHT, A 7D
SITE INDEX, IR (.IVELJ ONLY ITS CURRENT 
C ----- SPH AND TOP HEIGHT
 

INTEGER AGE,SPH
 
REAL CON1 CON2,CONsI,.A...ORT,
 

+ LDQ0,LSPH0,AG,SPHO0,LSPH, XL [ 3),.'.K(3), SPHCUR,CRIT,CTH, 
+ 	 S.iX, X
 
CHARACTER OUT*10,DRIVE*3,UNITS.*3
 
COMMON /UN/UNITS, DRIVE 
COMMON /STAND/AGE, SPH, SI,ThLSPHO
 
COMMON /CONV iCONI, CON2,CON3
 
COMMON /TAB/TA*.BLE
 
COMMOIN /SYST/SPHCUR
 
COMMON /AGEC/AG
 
COniiO4 / HOR/iIOD, B4, B5, SMX, MX
 
XSP H=SPH
 

C------- COMPUTE MAXIMUM DQ FOR CURRENT SPH
 
MAX=LOG (MX) +7.6441-0. 62305*LOG (XSPH)


C------- COMPUTE RELATIVE DENSITY LINE FOR COMMENCEMENT OF MORTALITY 
MI=LOG i OD) +7. 64423 
:lORT=ii-U..62305 LOG (XSPH) 
Y0=-(LOOG (0)-LOG X)) 
LDO0=2.2202--0. 32707 L O G (X S P H)+L. 0 953 * L O G (TH)

C------- SET INITIAL IIJUM3BER OF STEIS PER HECTARE
 
IF(LDO0.LE.MORT) 1HEN
 
LSFH0=LOG (XSPH)
 

ELSEIF (LDQO.GT.IMAX) THEN
 
RDO=EXP (LDQ0) /EXP (MAX-LOG (MX)
 
WRITE(*,4545) RDO,I,JX
 

4545 FORMAT(iX, 'THIS TOP HEIGHT AND DENSITY COMBINATION ',

+ 'I'DICATES THAT'//3X, 'RTELA'JIVE DENSITY OF THIS HURY ._Li 
+ F5.2//2X, 'BUT !1AXlI1,-1UM IS 2UFRE.HTLY SET AT ',IX, F5.2/ 
+ IX, 'PLEASE CHECK EXISTI11G STA11D CONDITIONS OR'/ 
+ 5X, 'RESPECIFY THE NORTALITY MODEL ',/) 

STOP
 
ELSE
 

LSFH0=LO( SPH)+((1iB4) (.!AX--LDQ0)/Y0))* (!/B5))LOG( 
ENDIF
 

C---------IF DRIVINTG BY AGE, DETER1I.!E NEW TOP HEIGHT, DQ, AND SPH 
¢F(DRIVE.EQ. 'A') THEN
 

IAGE=AG;E/12
 
DO 10 I=IAGE,S
 

AG=I.2
 
TABLE I, 1) =AG
 
TABLE(I, 4) =1. 02259 .SI 1. 0- XP (-0. 05643 26.AG)) . .
 75952 

C----------- ASSESS WHE.HE.%URl"tUY IS WITHIN COMPETITION tYORTALITY ZONE,
C----------- A-D IF SO, SOLVE FOR INEW SPH GIVENT INITIAL p-Hi AND CURRENT 
C----------- TO- HEIGHT 

IF(TEST.GT.NORT) THEN
 
CALi SYS
 
TABLE (1,2) =SPHCrJP
 

http:F(DRIVE.EQ


-- 

- F NOT. 11.THIN CI'PETITION IORTALITY ZONE, SPH REIIAINS 
- COiSTANT 

ELSE
 
TABLE "2)=EXP(LS'5H0
 

ENDIF
 
C ......--- COMPUTE IN."W Do F7.OM TOP HEIGHT AND SPH 

LDQ=2.232O-0.32707*.LOG(TABLE(I,2) )+I.o,53"LOG(TABLE(I,4) 
TABLE (1,3) =EXP (LDQ) 

10 CONTINUE 
C------- IF DRIVING BY HEIGHT GROWTH, GROW TOP HEIGHT AHD DETERMINE 
C ---- EW DQ AND SPH 

ELSE
 
I1=INT (TrH) +1
 
DO i I=1N,15
 

AG=I
 
TABLE (I,4) =I 

C ----------- ASSESS WHETHER HURY IS WITHIN COMPETITION MORTALITY ZONE, 
C----------- AND IF SO, SOLVE FOR NEW SH GIVEN INITIAL SPH AND CURRENT 
C ------------TOP HEIGHT 

TEST=2.2302-0.32707*LSPH10+'.0"530*LOG(TABLE(I,4))
 
IF(TEST.GT.HIORT) THE.N
 

CALL SYS 
TABLE(I , 2) =SPlCUR 

C-------------- IF 'TOT WITHIN CO,!PET:TIOfT :oRTA LITY ZONE, :3H EMAINS 
C------------- COHf S TA11T 

ELSE
 
TABLE (I,2) =EXP (LSPH0)
 

ENDIF 
C----------- CONPUTE INEW DO FROM TOP HEIGHT AND SPH 

LDO=2. :30,-0. 32707*LOG(TABLE(I,2) )-+1.0953*LOG(TABLE(I,4)) 
TABLE (I, 3)=!:XP (LDQ) 

.i COllTINUE
 
ENDIF
 
RETURN
 
END
 



it
 
SDE5UG 

SUBROUTINE SYS
 
---------THIS SUBROUTINE SOLVE S FOR HEW 5S l *.. E' .fEW TOP
 

C ------- HEIGHT OF THE HURY AND THE INITIAL S-H
 
REAL CONICO.2,COH,SI,T.,TABLE(20, 4) ,LDO,.IA..,I 
,HOD.tIOR.,
 

LDO , LSPHO,AG, SPHO LSPH,XL (3) ,F."(3) ,:3PHCU CRIT, CTH 
+ 	 Si'X , .'IX
 
INTEGER ISPH
 
CHARACTER OUT*!0,DRIVE*3,UIITS*3
Cojqj~j /,(j,/ ll rn" 

COliOI~i /UII/UlIL. ,DRIVE
 
COMMON /STAND/AGE, SPH, SI,TH,LSPH0
 
CONMON /CONV/CO1 , CON2,CON3
 
COMON /TAB/TABLE
 
r i1O1 /SYST/SPHCUR
 
CO1l'!O1fI /AGEC /AG
 
COI£'ICN /BOR/4OD, B4, B5, SMX, HX
 

C-------
IF DRIVING BY AGE CONVERT TO YEARS FOR ARRAY SUBSCRIPTS
 
IF(DRIVE.EQ. 'A') THEN 

I=INT (AG/12)
 
ELSE
 

I=IIT (AG)
 
ENDIF
 

C--------RETRTEVE CURRENT TOP HEIGHT
 
CTH= PABLE (I, 4)


S---- -T PARAIIETER ESTIMATES FOR DQ-TH-SPH CURVE
 
.AO=2.2.302+1 . 09530 *LOG (CTH)
 
Al=-. 32707
 

C------- SET P.RAHETER ESTIMATES 
 FOR THE SELF--T.H:NING TRAJECTORY 
B0=7. 6441+1,OG (NX) 
BI=-0. 62305
 
B2" =(LOG H OD) -LO G (MX ) )+(SMX*0.62J05;LSPH{0
 
B3=LSPH0
 

C--------ESTABLISH TUO EXTREME START.UIG \ALU. B.'I..EE WHICH THE HfEW
C-------- 5PH !UST FALL, THAT IS, 3ETWEEN , - r-,. II!D SOME I 

XL (1) =LOG(100.0) 

XL (2) =LSPHO
 
C------- SOLVE FOR NEW SH NUMERICALLY BY BIS-,cTIONI ME'HOD
 

5 DO 9 I=1,2
 
FX(I)=-(A0+AllXL(I)) + B0 + B!*XL(T) + BP*EXl(B4*(B3-XL(I))-**B5) 

9 CO1TINUE 
CRIT=FX(1) 1F'(2) 
IF(CRIT.LE.0) THEN 

-F(XL(2)--L(l).LT.0.001) GO TO 6
 
TEMP=XL (I)
 
TEM.P2=(."L(1)4.XL (2) )!2
 
XL (i)=TEIIP2
 

ELSE
 
XL (2)=XL(1)
 
XL (1) = (TEHP+:L(2) )/2
 

ENDIF
 
GO TO 5
 

C------- STOP ALGORIT!M'I WHEN "EET COVE..RGEC.E""-.TEO AND COMPUTE SPH
1,LSPH= (.L ( )+:,:"L ( 2 ) )
 
SPHCUR-EX (LSPF1
 
RETURN
 
E[D
 

http:TEM.P2=(."L(1)4.XL
http:IF(DRIVE.EQ


5DEBUG 

;5, 3ROUT7UE NORM
 
C------- THIS SUBROUTIfE ESTIMATES PARAMETERS OF THE I.HORIAL
 
C - DSTRIBTUION GIVEN TOP HE2:G:-T, -'PH, AND AGE OF '-HE HUJ.Y
 

:WL'EGER AGE,.R 8),CLASS(25),yR(20)
 
?,EAL A.FH AGEP,THDO,LALDLFFEIF2,XPH,PIBASIG.'A
 

ST(25, 3) ,PIP(6, 3) ,'ABLE (- , 4),YIELD(20,5) ,STE(1O,8) 
CHAiRACTER UINITS*3,LDIVE*3 
COMMOH iUN/UITITS ,DRIVE 
COMMON /STAHD/AGE,SPH,SI,TH,LSPH0 
COMMON /CONV/COH_ l, CON2, CON3 
COMMOIi /TAB/T7ABLE 
COMMOIN SYSTi S.HCUR 
COl.*:Or /A1EC / AG 
COMMON /1,'OR/ .cD, , ,5, SMX, MiX 
COHMON /YIE/'iELD 

C-------- INITIALIZE ARRAYS 
DO 60 1=1,8 

DO 	60 J=1,6
 
PIP(J, I)=0 

60 CONTINUE 
DO 61 I=l,25 

DO 61 J=l,3 
ST(I,J)=0 

61 CONTI:NUE 
C-------- READ T-P HEIGHT, SPH, AND DQ FOR EACH AGE 

IAGE=IT( (AGE+l2),/12 
DO 739 IJ=IAGE,8
 
AGEP=IJ*I2
 
SPH=TADLE (IJ, 2)
 
DQ=TABLE (IJ, 3)
 
TH=TABLE (IJ, 4)
 
PI=3. 1 415. 265
 

------- COMPUTE ASAL AREA
 
S3A=SPH* (0.7T,539816+*DQ**2)/10000
 

---- PREDICT D1-1IN
 
LA=2.640 - 0.57858*LOG(SPH) + I.41z2*LOG(TH)
 
A=EXP(LA)*EXP(0. 2 2/D 2)
 

------. :PREDICT DIFFERENCE BETWEENI ARITHMETIC MEAN §JrD QUADRATIC
 
--MEAl DIA.ETER
 
LDIFF : -11 .693 + .00C026501PSPH + 1.5310:G() +
 

+ 	 2.4739*LOG(AGEP) - 0.05473xAGEP 
DBAR = DQ - EX?(LDIFF)*EXP( .2304/2) 

----- ASSUME DIFFERENCE BETWEEN ARITHMETIC UEAiJ DIAMETER AND 
--INIUM DI'ETR REPPESE1ITS TWO STAAFD VIATIOiS 

SIGMA=( (DBAR-A) /2) - 2. 
--	 COMPUTE STAND T2,BLEFjI= (I,'S()RT( * I rl"]I A) EX -( / *S IG[.A )* (0.0--DBAR)'* 2

' Z HF2= UI/SQRT (2 *PI ) ) EXP( - (/ 2. SI(';i t (I.5S---DBAR) w -x 
ST (I, IJ) =( (F!+-ZF) *1. 5/2) *SPH 

DO 44 J=2,25 
ZJ=J 
F=I SO.T (2-xPI*SIGIA) ) *X(-(ii (2A'7JIA. -* *2)(Z+5-OBAR; 

ST4J, IJ)(F!-F2)/ -3
44 C)(I TI!NUE 
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C------- ADJUST THE DIAMETER DISTRIBUTION
 
XPH=0
 
DO 45 K=1,25
 

ST(K,IJ)=ST(K,IJ)/50
 
iF(ST(K,IJV LT.0.5) ST(K,IJ)=0
 
ST(K,IJ)=ST(!<,IJ)*50 
XPH=XPH+ST (K,IJ)
 

45 CONTINTUE
 
IF(XPH.LT.SPH) THEN
 

DO 46 K=1,25
 
ST(K,IJ)=ST(K,IJ) + (SPH-XPH)*(ST(K,IJ)/XPH)
 

46 CONTINUE 
ELSEIF(XPH.GT.SPH) THEN 

ST(K, 1j)= ST(KIJ) - (XH-SPH)*(ST(K,IJ)/XPH) 
E!DIF 

C---------2fA!LY2 fl) T[BER OF 'IT PROPS DERIVED FRO'! STA':D TASLESPIP (1i £)=0 ST(7,IJ) +OkS', iij)+0*ST(9,Tj)+,;,.S;T(I.0 [i) +0OIi-ST 17+ l () T~! T (! , 1 ---J)0 S 3( ! .-j T+ AQT, j 
+ 	 C*ST (12,ST 15,_ J IJ) +1* ST (17, IJ 

P (2, J 0, ST (7, i)"-0*ST ,J)+0-ST(-0 ST(., ++ 9 .ST(!I,IJ )+0 ST(I12,IJ)+I .ST(13,IJ)+ilST(14, [J)+i 
+ 	 0*ST(15,IJ)-,O*ST(16,IJ1+O*ST(17,IJ) 
PIP (3,IJ) -=0 tST(7 , IJ) +0*ST(3, J) +0TST(9 ,IJ) +*ST( T ++ 
 0 ST !l,IJ +I*ST(!2,IJ)+! ,ST(13,J)+I*ST(14,1J)
 

+ 0 ST (15,IJ)+0 *ST(16, IJ) +1 ST(I(7, IJ) 
PIP 4,IJ) =0 ST (7, Ij) +i *ST (3, C)+Q *'ST (9,1J) +0 T Is,-i J + 

+ i*STT 	 2I1,1J)+ ' T ! 1J);-,.IT.iJ -",T14,fj 
+ 	 1*ST 1E,IJ,+ 2ST(.'.-5,H ,-,T(17,ij)
 
PIP (5,IJ) =0 ST(7, IJ) +1*ST(S ,IJ) +1 ST(9, I) 2*ST 
 , + 

+ + 
+ 1*.ST 15, iJ) +l"ST (16, IJ) +0".ST L7 , j)

P7p ST 9 1 'T+ 1*ST(11,:.J)+I*ST(i:,:u)+okST(13,:Z)±+."e1T(!... 

+ 1*ST(15,Ij) t0* ST(16,iJ) t2.ST(17 . i
 
789 CONTINUE
 

ILLT- IN GRADE, AGE, AND D3H CLAS Z:D CES
 
DO 14 I=1 . 6
 

CGR ( 1 ) =I 

14 COIPIIUE 
DO 15 LI=I,20
 

YR (LI) =LI
 
15 CONTINJE
 

DO 16 1,J=I ,25
 
I SS ( LJ =TUlE


1i CONTINIUE 

http:1J);-,.IT


-'UPUT THE STA ,ND TABLE ANDT 
1 1U1iTS . EQ. "') THEN 

;;RITE(2,2345) (CLASS .;, {T'KIJ) ,IJ=4,7).:=.,25 , 
+ (GR(L), (?IP(L,:!J;,IJ=4,7).L=1,6}
 

•4 T.RI-AT(/'//-iX, '2,BH DISTRIBUTION PER HA "O1 TIRE URY AT AGE: 
+ 4.X, '4', 10X, 5', , ',10 X, Y-7 
+ 25(!X,13-1, ' CU:' FS.0,3 ( F8.0)/) 
+ ll/.:_, -'r PROP GRADE DT."TVIEUTION EP. HA AT AGE: 'II 
+ 16X, 4' 10:", '' 10X, ' , I' X, 7 yRS'' 
+ 6(1 , 'GRADE '.3,':' .F.0,3(3X, F81,.0 
ELSE
 

DO 17 K=,2
 
STE(I )= ST(IK)+ST(2,K))/2.47
 
STE (2,K}= ST (3, K)+ST (4, K)+0. 6*ST (5, K) /.47
 
STE(3, K)= 0.4ST(5,K)+ST(6,K)+ST[7, ,)/2.47
 
STE(4,K)=(ST(8,K)+ST(9,K)+O.7*ST(10,K))/2.47
 
STE(5,K)=I0.3*ST(10,K)+ST(11,K)+ST12,.K)+0.2*ST(13,K))/2.47 
STE(6v)=(o0.:Sr(.3,K)+ST(14,K)+O.7ST(15,K)}!2.47 
STE k7, ) (0. S ,K) ST(16, K." -:'T "7, £) 0.32-ST(13 K) ) /. 7 

STE( -K0 T. jST(!2s.+S 1. -K ST( 3 0. 3 .17.. ST0(2 3K)) 

STE1C 'F.) CS'J22.7)+ST(24 ,K)+ST(25,KrK 2 . 47 
DO 13 Li,6

PIP L, f):= ,K),'":..{I?,_. 7 

18 CONTI'PUE
 
17 CONTINUE
 

W;RITE(22344) (CLAS(K, (STE(K,IJ),iJ=4,7) ,K=!,i0) , 
+ IG(L, (PIP(L,IK,IJ=4,7) ,L=1,6) 

"2344 FO?.MAAT ('X , '331. D--TR--BUTTOi ER A'tC FOR THE HURY AT AGE:'/! 
+ '' YRS10: 13:, : ,2. , ' , .. 2' , . 3); t[ , 

-, .. - ADE TBU1iiO.1 ,C,T AP 3 ... P-R AT AGE:'// 
+ 16::, '4' ,0X, 0' '6' '7' i0X, 10X, YRS'// 
+ 6 (1Y., 'G, A E ,13,, .... 0,3(3X,FS.)/ ))

EN DIF 

C------- OUTPUT B10.ASS AITD T?-1 FRCP LIELDS TO FILE 'RUPEES.DAT'
WPITE (4, 4001) (YF (K) (Y1ELD (K, 1) , L=1, 5) , (PI12(J, K) , J=i,6),K ,8 

1001 FO (FI..HAT(8(I3, 'T., F7.0i )
 
RETU.N
 
E lD 

http:STE(6v)=(o0.:Sr(.3,K)+ST(14,K)+O.7ST(15,K)}!2.47
http:STE(5,K)=I0.3*ST(10,K)+ST(11,K)+ST12,.K)+0.2*ST(13,K))/2.47
http:STE(4,K)=(ST(8,K)+ST(9,K)+O.7*ST(10,K))/2.47
http:ST(IK)+ST(2,K))/2.47


3DE U' 
D D RupOriTTO .. C2HEU'R
2'BROUTI!1 

'. 1 SUB, )1im -_ r,TDm:In: -~' Z7tS. I C . -_ 

.O THE DESIGIATED W'IJT
YLE
 

!StEAL CONI.,2COH2i,cC13 , T 20 LDO, 11AX ,ill !D'2... 4LDo0, SPH0 AG,SPH0,L 'L(3) ,L'X( ),HCUR,CRIT,Ci, 

+ 	 3,StX,HX, {IELD(20, .1,3A'rHST,DEX
 
CHARACTER OUT*10,DR1Vr'-.., JTS 3
 
COIMOI /UN/UNITS,DR TVE
 
CO11OIi 'STAIID/AGESPH ,1H,LSH0
 
C0,MMON- /CO1,V/COI , CO4ON , C.13
 
COIMON' /TAB/TABLE
 
CO1MON /SI SIf/s -VHCU R
 
COMMONJ /AG', C,,'AG
 
COH-1ON" /'MOR/MOD, T34, £35
 
CO;NINON /YIE/'YI.ELD
 

-	 ------ COMPUTE TOTAL PER HECTARE BIOHASS YIELDS BY COMPONENT 
DO 66 L=1,20
 

IF(TABLE(L,4).!E.0) THEN
 
S=TABLE(L,2)/1000

BATH=TABLE(L .... 	 ..
4 'PAi-LE(L,2)* (TABLE(L.2~')*2) '1"0000 
ST-T.-: LE (L, . L,<)"1000 

, " 7YIELD L,'2)13. 	 5'-I . -. 3_8. 'BATHYj02+0S+-0. 12%63-, 
YIELD L,I . .- I '
 
YIELD(L,-4,-.,4".I45.S+0.49.5973"BATH-0.6_007iST
YIELD (L,,)= 6.S-, 0 . 69/62c.6 )1YIELD (L,
 

ENDIF
 
66 CONTINUE 

C-- SET BIO!W.ASS TO ZERO IF PREDICTICI IS LESS THAN ZERO 
DO 67 T=1,20
 

DO 63 J=1, 4
 
2F YIELD(I, J.LT.0 YIELD(I,J)=0
 

68 COIiT 7UE
 
YIELD(1, 5, =1IiL.{, 1,+YIELD (1,2) -YELD(I, )+yIEZ(I,4)
 

67 CONTINUE 
C--......DER R D-H Z R '.3UTIO0IIF AGE DRIVEN SINULATIO:I 

IF (DRIVE EC. 'A ' HE-'I 
C:,ALL C 

EID IF 
C-------COHVERT 270 -"JGLI..' J1'S 1F4 RE U.STD 

IF(UNITS.:Q. 'E' THEN
 
DO 30 2-0
-- k-. 	 2)01TA£L27 -=.BL",(I"-2)I2.47 

3ADLE (I =TADLE (IE, 3)/2. 54 

30 
 'OI'7......E
 
E IDI F
 

--------SET U- NEAD ERS 0- OUTPUT COLU07hS DETADIIIG O! UNITS
 
IF ( I2 3.O. 'R T I
 

WRITE (
 

' 5, ' '-.,. '., 'DO, ; , P HEIGHT, 1./1 ). 

http:BL",(I"-2)I2.47


LS E
 
;;RJTE (".2778
 
"RITE(2 2778)
 

:7 FORNAT(//IX, SUNMARY 'F HURY SINULATCI.'// 
+ 5", 'AGE', ,', '1A' , X, 'DQ, 1:1' ,3X, 'TOP HEIGHT, FT'//)
El DIF 

ELSE
 
IF(UMITS.EQ. ''') THEN
 
WRITE(.7779)
 
WRITE (21,7779)
 

7773 FORIAT(i , ' ....... , " OF HURY :II'ULATO'1 '!//
 
, 'DQ,+ 	 7X, ' SPH' , CM' 3., 'TOP HEIGHT, '/)

ELSE 

WRITE ( *,2779) 
WRITE (2,2779)
 

2779 FORHAT(//1X, 'SUlMIARY OF HURY SIMULATION'!/
 
-I 7X, 'SPA' 5A, 'DO, Ill' ,3X, 'TOP HEIGHT, FT'ii)
 
ENDIF
 

EIIDIF
 

C---- --- OUTUT REF'"FT TO S!CREEI 
DO iZK=!,20

(TABLEI , I !).. DF T!-.,IT 
IF( DRIE E- 'A' THE1
 
WRITE,77777 (T'.-LS(: L),L=1,4)
 
WRTE(2,77777 (TABLEI,L),L=I.4j
 

7777 FO ..!AT 5<. 74.0,5X,F6. ,4X. 74. I, 7x, F4.1)
 
ELSE
 

WRITE(%777)'S TAB:E(K.L) . )
 
IRI TE'2 7776 (KL ',B
(TABLE<

77 713 F0R!, A T :5X F6. 4X , F4a . I', :.2
 

ENDIF
 
E11DI F 

12 CO ITIIUE 
C-------- WRITE OUTPUT REPORT TO FILE 

IF(UNITS.EQ. 'H' 'rHEI 
!F(DRIVE.EC 'A' ) THEII 

WRITE (2,22 32 
,- FORMAT /,/iI. 'SIOHASS .:-ELD !1 ,METRIC 'O,. PER HECTARE'/// 

.. o d y I-I a t c r i I', 
+ 	 27,------------------------------------------

.+,t-- ' . *7X, ' c ' ,a ;X ' < Z z~ c- - 6.5 cm'X ,5X 
'+ 	 .." '> . 5 c::'.'5X, 'Tota.'i/ ) 

EL'SE
 
RITE (2 .22-; 

22-24 FORATH.2. ',R ' 31C:ASS YIEL. !N HETRIC ONS ?ER HECTARE' // 
'
 + 	 32271,' i 0 d v '.va t -I ,'! 

+ '- - -------------	 /--

+ 	 , 'Top Ht' , .X, ,Forac X', <, ."z-'5X, '2 c. - 5 
EIn .... .. 5 . otaTDI 
H I D IF 

http:F(DRIVE.EC
http:IF(UNITS.EQ
http:IF(UMITS.EQ


ELSE
 

7F(DRIVE.EQ. 'A') THEN 
WiKITE (2,2333) 

2333 FORMAT(/ //IX, 'BIO.3ASS YIELDS ill TON1IS 2ER ACRE'//i 
32X, 'W o c d y m a t e r a 1'! 

+ 	 27X, '/-----------------------
+ 3X, 'Age' ,7X, 'Forage' , 3X, ' cm' 5X, '2 cm 6.5 rm,.' 
+ 	 5X,'> 6.3 cm' 3X, 'Tota!''/)
 

ELSE
 
,"RTE (2 ,2 34) 

2334 FORI-'AT( '/IX, 'BIO)ASS YIELDS 111 TOI S PE-' ACRE',','! 
+ 	 32X, 'W o o d y 'a i e r i a i'/ 
+ 27X, '------------------------	 / 

+ !X,'TopHt',5X,'Foraae',0 X,'< 2 cn',5X,'2 cm- 6.5 cm', 
+ 5X,'> 6.5 cm',5X,'Total'//)
 

ENDIF
 
ENDIF
 
DO 22 K=. ,20
 

IF(YIELD(,i) .11E.0) THEN
 
IF (U ITS . ,.- 'I') TI-!EI
 

I F ( DR _ E. Q. ' ') TH iA
 
DE,."--TAB 1,E ( K,
 

ELSE
 

DEX=TABLE (K,4)
 
ENDIF
 
URITE(2,5577) DEX,(YIELD(K,L;,L= ,5)
 

5577 FORArT(IX,F5.I.5(3X,F!I.5)
 
ELSE
 

DO 24 I=1,5
 
YIELD ( K. ! =YIELD (K,) , .
 

2"'4 CONTIUUE
 
IF(DRIVE.EO. 'A') THEIf
 
DEX=TABLE (K, I)
 

ELSE
 
DZX=TABLE(K, 4)
 

EIIDIF
 
WRITE(2,5576) DEX,(YIELD(K,L),L=1,5)
 

5576 FORIAT (IX,F5. 1, 5 (3X, F1. 5)
 
ENDIF
 

ENDIF
 

22 	 CONTI:IUE 
RETURN
 
END 

http:IF(DRIVE.EO
http:7F(DRIVE.EQ


Appendix D
 



YCUR HURY -TARTS WITH T',ME 'L ,- cS; ".... TE: 
-
-OUR. PER F0CT2L1 1(3 

TOP HEIGHT, HMETJRS .0 
AGE = 0 
SITE INDEX, METERS = 12.5 

WORTALITY SPECIFICATIONS ARE: 
HOD = .30 
Sl'iX = .00 
B4 = -4.50 
35 = 1.00 
MX = .80 

2B:-I DISTRIBUT:OH PER HA FO7- THE -URY :\T .v,E: 

: - 7 

1 Ct: 0. . v. 

2 CM: 0. . 0 0 
CM: 29. 0. 0. 0. 

4 C'.M: 84. 30. 0. 0. 
5 CH1: 198. 73,. .14. 2 . 
6 CH: 376. 17c. i00. 73. 
7 CM: 576. 231 1. .,U 

8 CH: 72. 54 32" 
9 CM: 711. 2 430. 

!O CII: 574. 578 501. 
11 CM: 373. 494. 495. 464 
12 CH: 196. 351 414. 42 
13 C: 339 ,07 2938 
14 Cli: 28. 102. 17c. 
..5 C:!: 0. 41. .39. 
16 CH: 
."7 CI: 

0. 
0 

0. 
0 

38" 
0. 

1 -3C,: 0. 0. 0 
19 CU: 0. 0. 0. 
20 C?.1: 0. 0. 0. 0 
21 CN: 0. 0. 0. 0. 
22 CH: 0 0. 0. ). 
23 CM: 0. 0. 0. . 

2. CH: 0. 0. 0. 0 
.5 C'M : 0. 0. 0. 



--------------------------------------------------

27T PRO? GRADE DIST*IB3UTIO! PER HA 

4 "7111 

GRADE 1: 0. 4. 123. 222
 
GRADE 2' 1i. 309 469 $5.
 
3RADE 3: 307. 6 6. 33. 1,10.
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APPENDIX E
 

PROGRAM HYMIRR.BAS: USE AND DOCUMENTATION 



A. INTRODUCTION
 

HYMIRR.BAS is designed to combine HYM crop projections

and user estimates of prices and costs to estimate internal
 
rate of return. It was written in BASICA on an IBM-PC.
 

HYMIRR.BAS is interactive with a menu and instructions
 
which guide the user through the process of entering prices

and costa as well a3 changing them as part of sensitivity

analysis. Any set of prices and costs can be stored in
 
files. The user can re-use (overwrite) existing file names
 
or save each new price or cost series under a different file
 
name.
 

Once data entry is ccmplete, a file called RUPEES.DAT
 
created by HYM is conbinei with the price data to calculate
 
the flow of revenues from the crop. The revenue and cost
 
cash flows are submitted to an interactive search for the
 
internal rate of return (IRR). This is the rate of return
 
when the discounted costs equal the discounted revenues. The
 
user is asked to specify the crop age for ihich the IRR is
 
desired and then is asked for an IRR range and step which
 
produces a table of discounted costs and revenues. By

observing the convergence toward equality, the user can
 
specify successive ranges and steps until an IRR is found at
 
the level of accuracy deemed sufficient by the user.
 

After the IRR is found, the user can repeat the IRR
 
search for other years or return to the main me:iu at which
 
time prices and/or costs could be changed as part of a
 
sensitivity analyses or the program may be terminated.
 

B. PROCEDURE:
 

(Assumes Hard disk (drive C) and program disk on
 
drive A)
 
Press CTRL PRTSC whenever you with to get a printer
 
copy of what will appear on your screen
 
Press CAPS LOCK to guarantee upper case-capital
letters
 

1. RUN HYM on drive A to get a crop projection
 

Be sure to have a decimal point in the value
 
entered for site index
 
In addition to the output file that you name,
 
HYM created a file called RUPEES.DAT which is
 
stored the diskette in drive A. This file
 
contains the crop yield data used by program
 
HYMIRR.BAS.
 

2. Change to drive C
 



3. 	 Type BASICA
 

a) 	 Press F3 key to LOAD and type A:HYMIRR.BAS if
 
you want hard copy press CTRL PRTSC
 

b) 	 Press F2 to RUN the program
 

HYMIRR will display the main menu - after
 
an option is completed, this menu will
 
reappear
 

If you choose to access an existing file
 
or create a new file be sure to specify
 
the appropriate disk drive - usually this
 
would be drive A. Also, after using

either edit option (options 3 or 6), you
 
can save the edited data as a file.
 

When you price and cost data are set up,
 
choose option 7 to analyze a crop
 
projection.
 

This 	option
 

reads the RUPEES.DAT FILE
 
displays the cash flows
 
asks you to select a year for IRR
 
calculations
 
asks for an IRR search pattern which you
 
can repeat as often as you with to
 
achieve desired accuracy
 

When done with an IRR search you can
 

choose another year & calculate IRR again
 
return to the main menu, change price or
 
cost date (sensitivity analysis) and
 
recalculate IRR
 
quit by typing option 8 of main menu
 

4. 	 To exit BASICA, type SYSTEM to get the C: prompt
 

Repeat steps 1-4 to generate an analyses of a
 
different crop
 

An example of the procedure is illustrated on the
 
following pages.
 



tty
 

EXAMPLE
 

Assumes:
 

Hard disk - drive C and
 

program diskette in drive A
 

User responses are circled.
 



A: \> echo off
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PLEASE STATE THE NAME OF YOUR OUTPUT FILE: 

WOULD YOU PREFER ENGLISH OR METRIC UNITS?
 
E(E) FOR ENGLISH OR (M) FOR METRIC:
 

WOULD YOU LIKE TO GROW A NEW OR AN EXISTING HURY? 
(N) 	 FOR NEW HURY
 

E) FOR EXISTING ItURY:
 

" ENTER INITIAL NUIm.ER OF STEMlS PER HECTARE: 

WOULD YOU LIKE TO GROW THE HURY BY AGE OR TOP HEIGHIT? 
(A) FOR AGE 

H) FOR TOP HEIGHT: 

EASE ENTER SITE INDEX IN METERS (BASE AGE % YRS OR 60 MONTHS):
CLO. decimal point is critical 



IIOF IR 11 1. I~LJI ;' I.(.A* U I-I 117 

H~h":,7" ', i]lL~~:, j I.I:III 


I..
 

.I.:.... :.I.:.:,? . ).',..? rI 

To get listing of the output file. 

*,i I ., I . 1I1L.'I 'J I I .l-IJ"I H,} 

!:",'I, ~ ~~~.,, ..I , . , i ) , 
,I' . ** .: .,: .. ,I :) , .. 

,".. ... " . 
BEST AVAILABLE DOCUMENT 



O). fI , , L I I .ulI I I ' ' II[- i ;-.1:l :

',II: 
) II 

. 

i 

; L~f1 ( 

',I 

," 

!:d a . 

12. 

J 

i l-

'::LhI.. 

,I 14 

I.,, 

1 :., , 

,. ". * 

"C .. ".. 

V', "/] 

78 

0 . 

1 

:'' . 

I. .. ; 

' .1" :i,, I . 

" 

,' 

) 

..-c 

, (14, 

c • 

. - . '..) 

C) 

(.1 

)('). 

~':(. 

'I: .; 
.0 ,, 

v: ,, 

l.;' 

,, 

.. . 

(j* 

0 ,. 

r') 

( ., 

,Ci i ; .' ( )- / I:.( 

"i 

:'. 

5 

. "I 

.. A 
2:. 

I.. 
4..;. ( 

C 
., 

.) 
1) 

I I 

Ik i':!. ~ ti,;: 13.;.¢!i I 1":iI,I. t*I " I A''C3 ::u 1 

BEST AVAILABLE DOCUMENT
,i(. i ; ,," CA ; , . ,' .. I 9 , d... 



cj 

I.I Fir.I'I1 ' I. 

: 

IL :i; 

;dlcJ i: y 

c:.m'2. 

I A . 

M -a-L u..r 

- 6. 5 cm :: 

j. .i ] 

6. 5i cmTt a].L1. 

': C.C,, 

'S)' ,'." ". 

.. ::, 

J:,". (!,1;,, 

. .. 

. A,.. 

0:,. 

;.'". *-:I . ". 

. .. 

7 
,':: . 

' . 

II*....!, 
1'6 12q 

;13:J.'4 .-

1,00I.2 

1 9 . 1 4.So 

'(4~y .V,*,n2 
9 .99 = 

.LC-.I - ]q 

.* C1 ',".t 

2 

.8 W..') 

1 
a.1 8.220 

I (51,4 . . 

1 0 1 

! . 021,,C ,.", '.. . I .; I : ' z ,:'., ' *"*'TI .(31 (C , C. :.:'..;.3.;.'.I.,(' 

•/;O,+( 
' 

,45l 
,,. 0 2.,,0-

0 
. 

0.r 
3 1 12,, 

15 -ik RO~v~- 3PEa ,DA~T 

BEST AVAILABLE DOCUMENT 



I I' 

ItI i 1 -0 AD "'(/A ii.. I 14 ::6 

!:I i). I I I M: 

',., -, I. k I. I - I 

I , , ,I I i : l Ii': I . ',' : . : i , . . 1h . i 

P Hi 

,& . I~ II .r'*~ t, 

.I II ' 

:I ,1..I;;!.. ii .. .. .,i, ! 1II' i i I .1: II ';"2:. 

i I .*..., 1 ,,I 

*' . , ;. ; I].1 ,,I,,:10~ 

I;i. i.',: .1.' I~':'I I, iiI. . I' Il II ' l. IllE: 'l~ l 3 ::. , I D l'li ,! . -' : .l .; .: 

SqI .I, .' I.I* * *, I !i ld 'I . I , 



[IiI 

II A 

oru-on it r '#ilit~S I' li Iei 6,,t 40ac'. 

rPCAfQ Ctda%6e. 

ICI 

BES AVIAL DOCUMEN 



WNT- ZTz, 

LL. IAJ1VlAL- R6GE~@ OF Y V44LJgr 

A) F-O9 -7- V0*iii< 

1)) f 

At LI 

TR*Ya1 

BETAAIAL OCIiN 



.1. Ot 3. 

:11 ~~~~i. I ~ OE.Li 

CaA.C4A~VP-P~~'jjTO 4 &J~SAiIi 4f 7YC 

BES AVIAL DOCMEN 



STROCTOE OF FIlE ROPEESJI0AT 

c R -PTCbBy 14-Y M 

2A~I-C'e ceco, cepmevcid at Le&(-

I Al~e eoxs 
-2 a I tac1 e k'ic~v&cLss 

4 wlbad 61 css L2to-6,s 

It I 

12. 



PRO6RAM HYMtA 2RR ,BA
 

Ettpr~ces 

cos 

I de-S Iced 

f~~p~~,C to-A4 late-____ 



VAQMScC1
 

Il CA 5,V 

Ns§)s46res Ica,<ts oi 4rcu& s~4:: lai e 

WT Sces UVA±itwl k. IC3 ~ 4' eack P, 7,r 1 I racle. 

Svecir or0 cfOP Ie~ t c w' 4 e;018s 
3: C/ Wd~A~> 4,fcM / lot lCroae 

c) 4vctc-o qa /ZCos 

q~(q)VeOro-CJeuS ) ) % 

S/M~PI$ VMIM;,4dr. 

P$, 4(c 6ce,i ct(c 

Pw 

esomdI.cOdn 4 &Ava(ue o'F c~4sYio 
Psthli va-ioi&eif r- j ve, veciorV&vc 



I . ''.I I ' I :I.: 
i~~~~~ ~~-I23"- S.:t,-'S, 3'- D. BIIGGS 

1.0.; R;IiEAD.. 
iI ', .!:[I, 41 I' 

..U SY ..F: 
)?.) . III. ( 7) ). 

P:'RICE:[ 
S ( : .!;,, 

&..COS:T .[I 
( :10,3,. R ',:I. 0 )., 

IIYM'JERS:': 
-: ( 4) ,",Y(:I. 02 ) ,W -I( 6 

11''i II:' I I i 2 

i . iu *. I I 

*.3 Fll,I-:!. i".: .Ii ) 

I :1P 

too141040 UT41j. 

i,,i 

W i U ."'M 2 I H I I I" ' F-IiH ir. 

l .. '' l I I I ,. 3 I M N 

I' "KNA EI b P .' 

I ! I i 1 NU 

. i"ilIH~~~~' 4 ..., 1: . [ 13 =: ,, I : ',.RHj'M t t L I. IE 

'" "," ' ;: ".1I ' , IHAIu CHO .I U ' I rER 

. , I.l " 1 i I ' 
W, tip, I 

3' 3:; I1 , , .:t', 1 "i ; 4 . . . 

,.,: ;3 . I ' I;.; .: ., . I , ' .I ,9 , 

'. I ' " " H . I I, ,.. 
, " I" I I. i " 

A I B f R'I N T.i 



, (AC.,;O: .. ffJl::l.I ': .i*t (I:U i :1 j/ii ji:;,j .j: 

.;14:-."II.. ) 1P 11 1,' I.A] d-(.;Ai I V...:I -

N& I",, I. 
. I:"" .
 

6;. 1d
 

, ] 1:. 1 .1,1TI 

:1.I I.P.[: I 11 !J. 1-.,,:, 'J5 I': l" I t.; I P T S LI E N M E N1T E N W P 

::..', r .fI '. 
1j; 

", " ,.,]II. I , : ziI f .i'.;J 

."I".' ....'.1 . . ! ! i " ; u : .' i ,.;I: i ;:.,ii::. I I i . " AALB.,LE OCUMENT 

,:'L I'": .' I !:IV:J : Y;-i. ' :; . 

: ,I ,' i Ii " . . ..): l 

iff 
,.,, . iI I . . I if i 

kD "'f' - f fi i ': .- ( I 

'I.I I i if r jthv.f:ff'f ; ]£il.j4(j f" . . 

Ill I.,'l4o *).:*.':.i.
 

I,,, ,s I 
 BEST AV/AILABLE DOCUMENT 



10D
 

.,,,10~~~ ~ ~ ~ ~;1P..i('1: .!.[' .t!ilI.il ii ~ ~ ~~I.E. 

H. 'j: ....'. IV.-I'I. f.* I I 

. . I- i'1:t.11" I J 

St CI.. I" 1 1, 

,," I I I 

.....:,., 7. $i,F:' t. iJ.. 

i * 

i I 

.'A,I ..:,... ] L I'.:N:E]411 U':lvI E. W -:'. ki IRj 
i,'.:,V~~~) .. " ; ~ I- I:;.lfJI 

iii 'i I 

II .,,. II.'I**-.I 

' I.X. I I
I...' Il' r 

"qOE' 
,.II ) , ( : 

r,. ,JF N,]I 
I ,.',.. I. II.NE! & COST: 

I I: U -. U A I'~ 

q.i, I 111il111 

)
e:.: BBSET AVAILASLE D0CAl NTM 

•J' 1.11 J 



IM OI A 

(1I''r-It I ::I I0 .1 1':, 

i)YU 

.: 1 0 . 

02 

1 

A 

1~I 

M) 

42 

1 4 

-. I.. 

O ,()Y6 

Au6f fitt prc 

()M 0 

4",' I ')Pivpce 

4 i 1.15U 

11. if 

V I jP..) %3e.ji 

%; cetV; Q-9 04 

wue%*Ws- akSo d ce %kC0* ect 

Scire ioPcce. keI.q- o4 Pps 

rleF~ FI..e "ss4 ra or~cwet~- {ptc 

BETAAIAL OCM N 



N* F.-i-I~I* I~~i U - lljI~AL 

I'dI: I Ia M-1~ J I~ WANT RR TC) A~LA l Al ED"wi t Ji- F C 

IT, 

*i' ~ I U 

'IF 

e C+e Me4-&Od, -to ejSCouerwiq 
d4soA4Ise 2rec ducvuwfe4 reI2rn,5 

w~e vkaO22I( cacl- S~z-P 1id~hCl% 'to CO 

applo~i'MC&Q wm efei~c4Jak-~~& 

fl<''r~~ U 0 NF JMPT 


