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The model is composed of two major components, the one periodic
Linear Programming component and the dynamic Feedback and Linkage between
different planning periods,

1. The Linear Programming Component (LP)

The LP cpﬁponent for each year is block diagonal witﬁ one block
for each of the three regions. In addition there is an overlapping band
of equations to account for constraints which hold for all regions
simultaneously. Table 1 contains a schematic representation of this
multiregional LP matrix, The objective function T(t) =<z(t), x(t)>
contains farmers! profit expectations, i.e. those expected gross revenues
minus variable costs which are not endogenously priced within the model
and hence do not appear in the input-output matrix. It is assumed that
farmers try to maximize this function subject to the constraints stated
in the model. As a result of the ﬁaximizing process the model yields a
vector of levels of activities X (t) (primal solution) and a vector of
shadow prices for each constraint ;r(t) (dual solution).l/

The structure of the regional input-output matrix is the same for
each of the three regions. Differences in the regional production
functions and in the product;on or investment opportunities are taken
into account by varying the coefficients or by blocking single activities.
It is therefore enough to describe only one of the three matrice§
including the crrresponding national constraints in detail.

Table 2 contains definitions of variables used in the linear pro-

gfémmihg component.

1/ The following terms, used.in either this paper or in the corresponding
computer programs, are equivalent: (x,ACT), (z,0BJ), (u,RHS), (r,PI).
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Table 1

Y

§§ructure of the Multiregional LP Model for a Given Period &

2(6) (L) + 220) F() + ) Pe)| = YI;u-,) = max!
£ ()3 (v) ¥(s)
()5t P y()
| LoRw| = P )
54“)"‘ (t) + 4 (t)-xz(t) + A3(t) 2 (b) FHt)

1/ Zr(t) vector of objective function coefficients
xT(t)  vector of activity levels
;r(t) vector of constraints

AT(t) matrix of input output coefficients (activities of region
r and equations of region p)

rsp = 1, 2, 3 stands for regions 1, 2, 3
=/, stands for the whole country

stands for time periods (years)

P

t

() = { e, o (t)}
X (t) = {x{(t),, t)}

T (t) = { r(t),, ym (t)

r rk
-A-'p(t)= a,p (t) ,ooontoccoocoolooo'ooooooa r

rl rk
a (t a...oo..on.lo.o'o..nco'..a rt
. (8) o (%)
For simplicity the regional submatrices are defined for the same
set of rows and columns, i.e, kl—k~=k3 and m, =mz=m3
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Table 2
‘Definition of Variables in the. Recursive Programming Model

L P Problem

Constraint Vector r = 1, 2, 3(regions)

y{ (t) Paddy Land Capacity (1,000 ha) |

'ys (t) Upland Capacity for Annual Crops (1,000 ha)

¥; (t) Area Available for Double Cropping (Winter upland) (1,000 ha)
yz (t) Oxen Labor Balance in Season 1 (June) (1,000 hrs)

yg (t) Labor Capacity in Season 1 (June) (Mill. hrs)

yg () Labor Capacity in Season 2 (October) (Mill. hrs)

y;'(t) Oxen Labor Balance in Season 2 (October) (1,000 hrs)

yg (t) Tiller Capacity in §eason 1 (June) (1,000hrs)

yg (t) Tiller Capacity in Season 2.(0ctober) (1,000 hrs)

yio (t) Rice Transplanter Capacity in June (1,000 hrs)
yfl (t) Balance Equation for Barley (1,000 MT)
Y{Z (t) Balance Equation for Potatoes (1,000 MT)

y§3 (t) Balance Equation for Feed Concentrates (1,000 MT TDN)

y{h (t) Balance Equation for Roughage (1,000 MT TDN)

y{s-(t) Area of Potential Pasture Land (1,000 ha)

y§6 (t) Maximum Feasible Size of Current Dairy Herd
(1,000 Dairy Cattle Aggregates)

y{7 (t) baximum Feasible Size of Current Korean Cattle Herd
(1,000 Cattle Aggregates)

y{s (t) Maximum Feasible Size of Current Sow Herd
(1,000 Hog Aggregates)

y;9 (t) Acreage of Orchards in Production (1,000 ha)
ygo (t) Acreage of Nulberry Fields in Production (1,000 ha)

continued ...



Table 2 (continued)

vz (¢)
Yoo (t)
Va3 (&)
Ya (t)
Y25 (t)
Ygq (t)
. y;} (t)
Yog (t) *
yzg (4) ¥
Y (t) *
y§1 (t) *
y;é (t) #
ya3 (t) *
y;; (t) *
y;' (t) »

v
Y34 (t) f

Flexibility
(1,000 ha)

Flexibility
(1,000 ha)

Flexibility Constraint for
(Upper Bound) (1,000 ha)

Flexibility Constraint for
(1,000 Hog Aggregates)

Flexibility Constraint for
(Upper Bound) (1,000 ha)

Flexibility Constraint for

Constraint for Wheat Production (Lower Bound)

Constraint for Barley Production (Lower Bound)

Vegetable Production
Hog Production (Lower Bound)
Planting of New Orchards

the Expansion of the Dairy

Herd (Lower Bound) (1,000 Dairy Cattle Aggregates)

Investment.Constraint for Invest

machines)

Constraint (Upper Bound) for Epg Production (Mill. hens/yr)

ment in Tillers (1,000

Constraint (Upper Bound) for Broiler Production

(Mill, broilers/yr)

Flexibility Constraint for
(1,000 ha)

Flexibility Constraint for
(1,000 ha)

Flexibility Constraint for
(Upper Bound) (1,000 ha)

Flexibility Constraint for

- (Lower Bound) (1,000 ha)

Flexibility Constraint for
(1,000 ha)

Flexibility Constraint for
(1,000 ha)

Flexibility
(1,000 ha)

#*  The actual row index of this constraint

See note on next page.

Summer Grain (Upper Bound)
Summer Grain (Lower Bound)
Industrial Crops
Industrial Crops

Potatoes (Upper Béund)

Potatoes (Lower Baund)

Constraint for Tobacco (Lower Bound)

continued ...

in the program is different.
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‘Ntfonal Overall Constraints:
y%‘ (t) Ngtianal»Conétraint for Planting of New
= Mulberry Fields (Upper Bound)- (1,000 ha)

yg (t)  Naticnal Constraint for Tobacco Production
(Upper Bound) (1,000 ha)

b ()  Restriction for Feed Grain imports (1,000 MT TDN)

Note:

As of May, 1973, ) the constraints listed as y5g v...... y§6 have
different indices in the computer program. They will be rearranged
as soon as a more general matrix generation routine for block

diagonal LP problems has been developed.

egion r
1 2 3
Row y
Index in the computer program
28 85 87' 89
29 86 88 90
30 91 98 105
31 92 99 106
32 93 100 . 107
33 o, 101 . 108
3 | 95 102 109
35 | 9 103 110
3% 9 | o 111

continued ...
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Table 2 (cohtinued)

1/
Activity Vector »r =1, 2, 3(regions)

X1 (t)
x5 (t)
x; (t)
x, (t)
x5 (t)
xz (t)
x7 (t)

xg (t)
x; (t)

x{o(t)
x17 (t)

xiz(t)
x;-‘3 (t)
x1;,(t)
x5(t)
X6(t)
xy7(t)

Production of Rice (with Traditional Technology)
(1,000 ha)
2/

Production of Rice (with Power Tiller, Planting by Hand)
(1,000 ha) ‘

Production of Rice (Planting with Transplanter, Cultivatior
with Traditional Technology) (1,000 ha)

Production of Rice (with Power Tiller and Transplanter)
(1,000 ha) '

Production of Wheat (with Traditional Technology)
(1,000 ha)

Production of Wheat (with Power Tiller) (1,000 ha)

Production of Barley (with Traditional Technology)
(1,000 ha) -

Production of Barley (with Power Tiller) (1,000 ha)

Production of Summer Grains (with Traditiohal Technology)
(1,000 ha)

Production of Summer Grains (with Power Tiller) (1,000 ha)

Production of Industrial Crops (with Traditional
Techrology) (1,000 ha)

Production of Industrial Crops (with Power Tiller)

(1,000 ha)

Production of Vegetahles (with Traditional Technology)
(1,000 ha) ,

Production of Vegetables (with Power Tiller) (1,000 ha)

Production of Potatoes (with Traditional Technology)
(1,000.ha)

Production of Potatoes (with Power Tiller) (1,000 ha)

Production of !Tobacco (with Traditional Technology)
(1,000 ha) continued ...

1/ ALl variables refer to yearly time intervals.
2/ Power tiller and attachment, including a binder.



'Table 2 (continued)

 ;xl8(t)f Produotion of Tobacco (Wlth Power Tiller) (l,OOO ha)

n'xl9(t)t A*Production of Forage (w1th Tradltzonal Technology)

(1,000°ha) |

.;xgo(t)i | Production of Forage (with Power Tiller) (1,000 ha)

oxgl(t)' Feeding of Barley to.L;vestock (1,000 MT)

x22(t) Feeding of Potatoes to Livestock (i;OOO MT)

.x§3‘(t) Human Consumption of Barley (1,000 MT)

x;h(t) Human Consumption of Potatoes (1,000 MT)

xgj(t) Grass Production, Extensive (No Ferti}iaer) (1,000 ha) |

356(t) Grass Production, Intensive (1,000 ha)

x;7(t) Production of Milk and Dairy Beef (Unit: 1,000 Dairy
Cattle aggregates)

xgs(t) Keeping of Korean Cattle as Draft Animals (Unit: 1,000
Korean Cattle Aggregates)

xéé(t) Production of Hog (Unit: 1,000 Hog Aggregates)

xgb(t) Production of Eggs (Unit: Mill. Hens)

x;;(t) Production of Broiler Meat (Unit: Mill. Chickens)

xgz(t) Production of Fruits from Existing Orchards (1,000 ha)’

x§3(t) Planting of New Orchards (1,000 ha)

xgh(t) Production of Silk from Existing Mulberry Fields (1,000 ha)

x35(t) Planting of New Mulberry Fields (1,000 ha)

xgé(t) Gross Investment in Power Tillers, Incl. Attachment
(1,000 tillers) ,

337(t) Gross Investment in Rice-Transplanters (1,000 Transplanters)

xga(t)' Keeping of Cattle for Beef Production (1,000 Cattle

- Ageregates)

x§9(t) Feed Grain Inports (1,000 MT)

continued ...



Table 2 (continued)

For variables of the rest of the simulation model (SIM),
subscripted by crop, the subscripts are?

10 Rice
2. Barley
3. Wheat

L. Other Grain
5, Fruit

6. Pulses

7. Vegetables

8. Potatoes

9. Tobacco

10. Forage Crops
1l. Mulberries

12, Industrial Crops

13. Beef
14, Milk
15 . Pork

16, Chicken

17. Eggs



Table 6_J/contains a general description ofithe metrix for a given
region r and period.t.h Positive non zero coefficients in the: matrix are
‘characterized as x and negative non zero. coefficients -X Some of the .
Ainput-output coefficients are constant over the whole ‘projection pericd,
others vary through time and are exogenously changed for each year.
‘Qonstantvover tims ere.
.l. domposition’of~crop*activities of summer and winter crops.
2, Labor requirements of crop and livestock activities
3. Draft animal and machinery hours required by crop activities.
b AcQuisition.prices for investment goods.,
5. Various unit coefficients.,

Varying over time are!

| 1, Yields from crop activities and from livestock activities,
2. Feed inputs for livestock activities.

A1l of the objective function coefficients and all the elements of the
constraint vector are time variant, the change rate being affected in the
»dynamic feedback operator by the results of previous solutions of the LP
hrohlems and of other components of the simulation model. The following
chspter will describe the structure.of the dynamic feedback as well as

the computation of the.exogenous variables.

12; Dynamic Feedback and : Exogenous Vsriables

Following is '8 description of the dynamic linkage mechanism which
:relatee the values of the objective function coefficients, of uhe constraints
*and of the input-output coefficients to preceeding LP solutions, to data

fbeing computed in other parts of . the simulation model and to exogenous data

iprojections..;

_/ See page 50.




Thrée'CpmponentSvWill»be'described~; 2.1 Objective Function Generation

2,2 Right Hand Side Generation
2.3 Input Output Matrix Generation

2.1 ObjectiveiFunction Genera@ion

2.101 Crop actj._!ities (z{(‘b) Jesosssencserssnnvoay zgo(t))

Three different groups are distinguished: in the first group (a)
the yields are directly priced in the objective function, hence the
z'coefficient is the difference between (yield times price) and
variable costs lagged by one period. As a first approach, one year
discrete lags are assumed as expectation models. Only by-products
like bran are not included but contained in the A-matrix. In the
second group (b) the yields are listed in the A-matrix and priced with
opportunity costs, hence the z coefficient is negative and contains just
the variable costs. The third group (c) represents those activities
which are composed of more than one crop of the rest of the simulation
model. The z coefficient is therefore a weighted average of the

2/
respective crops.

Davemramennwdd o 2L Qmm
VA 4 VU MVHIMALIE LIIMLWVWSO .

Group 82 | potivity in LP |31 2|3 4] 56 |11 112 113 |4 |17 |8
Crop in SIM 3/[jfx{1l1j1|3|3 2222/ 7] 7| 9]

r — r r :
2] (t+1) = YLD3(+) PAVGT(t) [:1 + TDFFi]

- [PFRTj(t) FRTPHAS(t) + PEEST (t) PSTPHA (t)
+ POI4(t) QIPHAL(t) + PSDy(t) SDPHAT(t)
+ PCAP'(t) CAFPHAT () + Mci(t)] (1+0.5 R.INT(t..%

The actual programs contain scaling in accordance with the scales listed
in the variable definitions in section 1,1 and 1.2

‘The underlined variables are provided by other components of the
simulation model. The index r stands for regions. For subscripts see
‘page 1. 3/ SI¥ stands for the rest of the Simulation Model.

5/ Depending on the run alternative, the yields for modern production

‘ technologies (tiller) are increased by a rate TEFF. TEFF is zoro for
traditional technologies.

SN
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'wheré: ;TEFF Net yield increase from using tillers for cultiva-
' tion (proportion)
YLD Yield polished and hulled (MT/ha)

PAVG Average yearly producer price (W/MT)
PFRT Price for fertilizer (W/MT)
FRTPHA  Fertilizer input (MT/ha)
FPEST  Price for pesticides (W/KT)

PSTPHA  Pesticide input (MT/ha)
POI Price for other input(V/NT)
OIPHA  Other input (MT/ha)
PsD Price for seed (W/MT)
SDPHA  Seed input (MT/ha)

- MC Variable machinery costs (W/ha)
RINT Interest rate (proportion)

PCAP Price index for capital focds
CAPPHA  Capital input per ha (except tiller and
transplanter) (V/ha)

Group b: Corresponding indices
Activity in LP i{718115 |16 |19 | 20
Crop in SIM jla2i2| 8 8 110 | 10

af(t41) = -[%FRTJ(t) FRTPHAS(t) + PPEST" (t) PSTPHAg(t)

+ POL () QIPHAT(5) + PSD;(t) SDPHA(t)
+ PCAP" (t) CAPPHAg(t) + MCi(ti](l + 0.5 RINT (t))

Group c: Corresponding indices
Activity in LP i 9 10
Crops in SIM k 3 6
g [ I

r _  JU P r -
5 (t+1) = PROP" YLD (8) PAVG;(t)[1 + 72FF,|

+ (1 - PROPT)_YLDE(t) PAVGE(t) [1 + TEFF;J

- [pnop" (RERT, (1) ERTEHAY (1) + PPEST”(t) PSTPHA ()

+ POL(t) QIPHAI(t) + ESD(t) SDPHAL (t)

+ PCAP"(t) GAPPHA(t)) + (1~PROP") (PFRTy(t) ERIPHA (t)
+ PPESTF(t) PSTPHAR(t) + POL, (t) OIPHAT(t)

+g§gk(t) SDPHAT(t) + POAP" (t) CAPPHAL(t)

+M0;(4) | (1. + 0.5 RINT(L))

;'wﬁeiéz PROP"  Proportion of crop j in activity i
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2.1.2 Conversion of Bafley and Potatoes into Feed and Human

Consumption
23(t) = 0 i =21, 22 (Feed)

zf (t41) = PAVGS(t) if i = 23— § =2 (human
ifi=24,~+3j=8 consumption)

2.,1.3 Pasture land management

255(t) =0
zgé(tﬂ) = = VCPASI(t)

where: VCPASI Variable costs for intensive use of
pasture land (Von/ha)

1
2.1.4 Livestock Production

' 2/
Dairy Production (z3q(t))

e § ems § e § e @

255 (t+1) =[YLDM1(’0) PAVGY, (t)
+ 0.5 BRIEM(t) YLDHE(t) PAVG)4(t)
+ 0.5 BRTEM(t) YLDBE(t) mg;.j(t] (1.-0.5 RINT(t))
- FDTH1(t) PRPU PAVFE(t)
- MEDM(t) E + .66 BRTm-f(t)]- EQUIPM(t)
- BRFEE(t) E. + SIJITEM(tﬂ

where: YLDM1  Milk Yicau per yevar \miscow)

BRTEM  Birth rate of dairy cattle (proportion)

YLDHE Yield of edible meat per replaced cow or
female young animal of dairy cattle (MT/head)

YLDBE Yield of edible meat per fattened male
animal of cdairy cattle (}T/head)

FDPUM  Concentrate feed input per dairy cow (MT/cow)

SARTEM National salvage rate of old dairy cows
(proportion) :

FDTM1  Feed concentrate input per dairy unit in
TDN (MT/cattle aggregate). FDTML is computed
in the matrix generation component

;/ Livestock production activities are defined for livestock aggregates, One
aggregate includes one mature female breeding animal and-in a fixed
proportion- all related young animals raised for various purroses.

The sex proportion is assumed to be 0.5

g/ The average age of mature heifers and dairy beef cattle is assumed to be

2.5 years. Consequently an average number of 2.5 head will be on the

farm during the year per mature heifer or beef cattle,
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»‘PRPU‘ Proportion of value of concentrate in dairy

_or beef production which has to be purchased
L (proportion)
PAVFE Average price for feed concentrates (Won/MT)
MEDM .Veterinary costs per dairy cow (W/cow)
EQUIPM Equipment costs per unit of dairy activity
(W/aggregate)

" BRFEE Breeding fee per cow (W/cow)
all referring to one year :

Koresn Cattle for Draft and, for Beef Production (zgy(t))

20 (t+1) ='E=,ARTEK(+,) YLDKG(t) PAVGT5(t)
+ (BRTEK(t) - SARTEK(t)) YLDKB(t) PAVG{B(t):l
« {1 - 0.5 RINT(t))
- PRPU FDTKC(t) PAVFE(t) - MEDK(t) E.+ .66 BﬁTﬁ((tﬂ
"= EQUIPK(t) E + .66 BRTEK(tﬂ -BRFEE(t) E.+SARTEK(t_):\

where: SARTEK ~ Natural salvage rate of old Korean cattle cows
" YLDKC Yield of edible meat per replaced ccw or
female young animal of Korean Cattle(MT/hcad)
BRTEK Birth rate of Korean Cattle
YLDKB .- Yield of edible meat per male animal of
Korean cattle (MT/head)
FDTKC Feed concentrate input in TDN per Korean
cattle unit (MT/cattle aggregate)
FDTKC is computed in the matrix generation
component .
MEDK Veterinary costs per Korean Cattle cow(W/head)
EQUIPK Equipment costs per unit of Korean cattle
activity (W/head)

Hog, Broduction (z39(t))
25g(t+1) = [:(BRTEP(t) ~ SARTES(t)) YLDP(t)
+ SARTES(t) YLDS(t)] zg_m{s(t) (1. -0.5 RINT(t))
r
- FDTH(t) PRPUP(t) PAVFEP(t)
- MEDS(t) (1. + BRTEP(t)) - EQUIPS(t) (1. -+ BRTEP(t))
- BRFES(t) (1.8+ SARTES(t))
where: BRTEP Birth rate of sows (piglets/sow/yr)
SARTES ~ Natural salvage rate of old sows(proportion)

~LDP Yield of edible meat per hog (MT/head)
LDS . Yield of edible meat per sow (NT/hcad)



FDTH

PRPUP

PAVFEP
MEDS
EQUIPS
BRFES
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Feed concentrate input in TDN per Hog unit -
(MT/hog aggregate)

FDTH is calculated in the matrix generation
component..

Proportion of value of feed concentrate input in
hog production that has to be purchased
{proportion)

Average price for concentrate in hog production
(w/x«w%

Veterinary costs per head in hog production
(W/head)

Equipment costs per head in hog production
(W/head)

Breeding fee per sow (VW/sow)

Egg Production (zgo(t))

z;O(t-i-l) =[YLDEX}(t.) PAVGYH(t) + SARTEL(t) YLDL(t) M{(,(t)]

(1 - 0.5 (RINT(t) + MORL(t)))

- FDTEG'(t) PAVFEL(t) PRPUEG(t) - MEDL(t) - EQUIPL(t)

where: YLDEG
" SARTEL
YLDL
MCRL
FDTEG

NEDL
EQUIPL
PAVFEL

PRPUEG

Yield of eggs per hen (MT/hen)

Natural salvage rate of old hens

Yield of edible meat per old hen (¥T/hen)

Loss rate of hens in egg production
Concentrate feed input per hen in TDN(MT/hen)
FDTEG is calculated in the matrix generating
component

Veterinary costs per hen (W/hen)

Equipment costs per hen (W/hen)

Average price for concentrates in egg
production (W/MT)

Proportion of value of concentrates in poultry
production which has to be purchased (proportion)

Brojler Production (23, (t))

z;l(tﬂ.) =[YLDBR(t.) L@g{é(t)] (1. - 0.5 (MORBR(t) +0.167 RINT(t)))

-~ FDTBR(t) PAVFEB(t) PRPUEG(t)

- MEDB(t) - EQUIPB(t)

where: YLDBR
MORBR
FDTBR

Yield of edible meat per broiler (MT/head)
Loss rate of broilers (proportion)
Concentrate feed input in TDN per broiler
(MT/head)

FDTBR is calculated in the matrix generation
component
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PAVFEB Average price for concentrate in broiler
~ production (VW/MT)
MEDB  Veterinary costs per broiler (W/head)
EQUIPB Equipment costs and acquisition costs for
chicken (W/head)

2.,1.5 Fruit Production
Production on existing orchards (z35(t))

235(t41) = YLD5(t) PAVGE(t)
- E’FRT5(t) FRTPHA;(t) + PPESTr(t) PSTPHA’S'(t)

+ POL,(t) OIPHAL(t) + PCAF (t) GAPPHAL(t) + M032(t.zl
( 1. + 0.5 RINT(t))

233(t+1) = rig(t) (1. - 5/40)

lanting,of_new Orchards (z33(t))
%

*
where: rig(t) dual value (shadow price) of the orchard
. capacity constraint.

2,1.6 Raw Silk Production

Production on existing mulberry fields (z3,(t))

zgh(tﬁl) = YLDY1 (t) PAVGYy (t)

- EDFRTll(t) FRTPHAT) (t) + FPEST ¥ (t) PSTPHAT, (t)
r r T
+ BOLyy (t) QIPHAT. (t) + ECAP" (t) CAPPHAIL(t) +M03h(t2,
(1. + 0.5 RINT(t))

255(t+1) = rBo(t) (L. - 3/20)

Planting of new mulberry fields(z%s(t))

#*
where: rgo(t) dual value (shadow price) of the mulberry
field constraint


http:Production_on.ex
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2.1.7 Machinery Investment

The investment costs of farm machinery are composed of
depreciétion and interest costs on capital. So long as there are
draft animals availablé vhich can be replaced by tillers, the costs
for tiller investmeht can be reduced by additional profits which
result from more efficient fattening (shorter life time with same
final weight) of Korean Cattle. These profits are computed endogen-
ously by substituting the beef fattening activity 38 (see 2.1.8)
for the draft animal activity 28,

Tiller vith attachment including binder (254(t))

z§6(t+1) = = 0.9 PAVTI(t) (0.5 RINT(t) + 1/7)

where: PAVTI Acquisition price for tiller plus attach-
ment (W/aggregate)

Rice Transplanter (af,(t))

z§7(t+1) = ~ 0.9 PAVTR(t) (0.5 RIKT(t) + 1/7)

where: PAVIR  Acquisition price for a rice transplanter
(W/machine)

The average value of the machinery to which interest costs are

related is assumed to be 1/2 of the total depreciation (life time 7
yearsl/). The salvage value of machinery is assumed to be 10 percent
of the acquisition price.g/ The average proportion of the acquisi-
tion price to which interest costs have to be related, is therefore

(1. - 0.1) 0.5 = 0.45

1/ EXOTECH Report 1972
2/ EMOTECH Report 1972
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2.1.8 Korean Cattle or Other Breeds for Beef Preduction (zgs(t))
It is assumed that cattle which is not used for draft
purposes will yield 86 percent higher outputs using only 20
percenﬁ more inputs than draft cattle.
z;e(t-i-l) = 2 (141)
+ 0.8 |:SARTEK(t) YLDAC(t) mg{a(t)
+ (BRTEK(t) - SARTEK(t)) YLDKB(t) M{B(t)].
(1 - 0.5 RINT (%)) -
- 0.2 PRPU FDTKC(t) PAVFE(t)

2.1.9 Feed Grain Purchasing (z§9(t))
z"3’9(t4~1) = ~PAVFIM(t)

where: PAVFIM Average import price of feed grain
(w/wr% -

2.2 Ripght Hand Side Generation

The following ecuations describe the computation of the element

of the constraint vector. y's denote right hand sides, x's denote

optimal values of activities, and B's denote coefficients, which are

time variant, if they are written with a dimension t. B coefficients

without the regional subscript r appear in overall national constraints.

Definitions of the B's are found in Table 3 (page 23).

2.2.1 Paddy Land
yi(t) = y](t-1) + Bi(t)
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2,2,2 Upland for Annual Crops Y
1
yo(8) = y5(t-1) - x§3(t=1) = x§5(t-1) + By (tHRLOVT] ()

2.2,3 Winter Upland (Area available for double cropping)
Winter Upland is equal to the previous potential double
cropping ratio (DCR) times the current total land area available
for annual paddy and upland crops.
(1) = y5(e-1)/ [3](42) + y5(e-0)]
v3(e) = BeR"(x) [1(6) + y5(t)]

'2.2.4 Oxen Labor Balance in Season 1

Since the number of draft animals is an endogenous variable
of the model, the limitation is set to zero for draft animal

balances.
y,‘:(t) =0

2.2,5 Labor Capacity, in Season 1
L 2
: r
yg(t) = AQUP (t) BY - sg(; x§3(t-s) +z; x35(t-8))
T 5= S=

2.2,6 Llabor Capacity, in Season 2

2
yZ(t) = AGMP (t) B; - B{O(Zé_'l x§3(t-s) + 2:1 xgs(t.-s))
S= 8=

where: AGMP Projected active agricultural labor force
in man-equivalent-units (from the population
component.)

B; and B; are hours per man-equivalent unit
in“seasons 1 and 2 repectively. As the
size of the farm population starts to
decline and mechanization takes place,
these coefficients are increased towards
an upper bound of o times the basic number
(BY] to account for learning and increased
ef%iciepcy in field work.

Bf = B +0.5%B} [L+sin(t-t,) M/(ty-t,)
+1,5m (t.= year in which the upper bound
is reached; ty,= year in vwhich the learning
proccss starts)

1/ RLOUT is the destruction rate of orchards
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,2 2 7 Oxen Labor Balance in Season 2

(t) —~0
2.2.8 Tiller Ca acity in Season 1

}'3(1‘:) = Bll [12 Zi' x36(t-s) + 813 Z x36(t-s)

s=1
4B "36“'7)]
2.2,9 Tiller Capacity in Season 2

r
yg(t) = Blg ¥5(t)
2;2;10 Rice Transplanter Capacity, June

: 6
_nl. r r r
Y1o(t) = By EIB i Xq(t-8) + Byg ) x37(t-e)
s=] s=l
r r
B2o x37“‘7):]

2.2.11 . Balance Equation for Barley

2
¥1,(t) = B3 (t) (i X3(t-8) + 3 x35(t-s))
s=1 s=1

2.2,12 Balance Equation for Potatoes

¥12(t) = B3, (t) (i:l x33(t-3) + Zx35(t—8))
5=

2,2.13 Balance Equation for Feed Concentrates
‘ 2
r R o roe. ro.
¥13(t) = Bys(t) (s_ Xy5(t-8) + sz_l Xq5(t-8))

2.1.1,4 Balance Equation for Roughage

ym(t) = By, (t) (Z %33 (t=s) +}: Xy5(t=5))

s=l

2.1.15 ,Gagacitx of Pastﬁre Land

}'15(’0) = B (t)
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2,1,17

2.1.18

2,1.19

2,2.20
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Feasible Size of Dairy Herd

T16(8) = 2y (L) + B3, (1) o (13) + By (t)

Feasible Size of Korean Cow Herd

Tpl) = 3 (tml) + Bpg(s) oL (1-3) + s;?m

Feasible Size of Sow Herd

Tyg(t) = xy(e-1) (1. 48] (1))

Capacity of Orchards in Production

¥ig(t) = }: LPER, (t)
=2

where: LPERJ Hectares of Orchards in age cohort j

Capacity of Mulberry Fields in Production

If (t>B3)), then y5,(0) = o,

Y20lt) = ¥30(6-2) + 35 (6-3) ~(1./85, }y5o(0) - x35<t-531)

Flexibility Constraints

Following is a set of upper and/or lower bounds for the year to

year changes in production patterns (ygl(t),.......,ygé(t)). In the

case of field crops an adjustment of these bounds is made to account

for changes in the total available land areas. For crop activities

requiring both -..c. wuu minver upland, the adjustment is made propor-

tionally. The year to year changes in total land areas are:

XLANDY () = y1 (t) / y1(t=1) for paddy land

XLANDZ (%) ==y£(t) / y5(t=1) for summer upland
ALANDY(t) = y3(t) / y3(6=1) for winter land
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2,2,22

2,2.23

2.2.2,

2,2.25

2.2,26

2.2.27

2,2.28

2,2.29
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Fléx’ib‘ility Constraint for Wheat (Lower Bound)

yzl(t) = 1332 (x (t-1) + xé(t-l)) XLANDB(t)
£;9x1b;;;ty Constraint for Barley (Lower Bound)

¥5o(t) = B§3(x.’,"(t‘-1) + xg(t-1)) mnng(t)

Flexibility Constraint for ng(uables (Upper Bound)

y23(t) = BBh(x13(t-l) + xlh(t-l) . 2/
Ez 13(t) XLAND (8) + A3 13(t) XLANDB(t)]

Flexibility Constraint for Hog Production (Lower Bound)

y%(t) 335 x29(t‘l)

Flexibi.ity Constraint for Planting of Orchards
(Upper Bound)

y25(t) = B36 xBé(t.—l) XLAND;(t)

Flexibility Constraint for Dairy Production (Upper Bound)
r S S
y26(t) - B37 x27(t l)

Constraint for Investment in Tillers (Behavioral Constraint)

r == nl AT
y27(t) Bg Yg&/B5;
Y
Constraint (Upper Bound) for Epg Production

r .
va(t) = By, yag(t-1)

| | 1/
Constraint (Upper. Bound) for Broiler Production

r ro..
yzg(t) th yzg(tfl)

_/ Currently (May 73) the indexing of thls row 1s dlfferent.
See last page of this appendix.

_/ A, 5(t)

is the input-output coefflclént of actlv;ty j in row
i of region r.
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2,2,30 Flexibility Constraint for Summer Grain (Upper Bound)

Vi0(e) = B3 (65(6-1) + fo(b-1))30amE (1)

Y/
2.2,31 Flexibility Constraint for Summer Grain (Lower Bound)

r = r r r

1
2,2,32 Flexibility Constraint for Industrial Crops (Upper Bound)

[2 11(1-,) XLAND(t) + 23 10 (8) XLAND3(t)]

14
2,2,33 Flexibility Constraint‘for Industrial Crops (Lower Boundj/

V() = Bl 5, (&) / B

' 1
2.,2.3L Flexibility Constraint for Potatoes (Upper Boundj/

Yo (6] = Bl () 5(6-1) + x4 (8-1))

r . r r r
. Ez,ls“’ XLAND}(8) + £ () XLANDB(t,Zl

Yy
2.2,35 Flexibility Constraint for Pctstowes (Lower Bound)

r = r -r r

2.2.36 Flexibility Constraint for Tebacco (Lower Bound)

Y36(8) = Byo(x, (8-1) + 2 (6-1) JXLANDY (1)

2.2,37 National Upper Bound for Raw Silk Production

yi(e) = Byg i :c;”,{(t-;>

r-l

,_/’ Currently (May 73) the 1ndex1nv of this row is different.
-’ Sae last, page of this appendlx. :
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'2.2,38 National Upper Bound for: Tobacco Production

y3(6) = 8, f: (K (61) + & (6-1))
r=1

2.2,39 MNationzl Restriction for Feed Grain Imports

y§(t) = BIP
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Table 3
Definition of the . <

Tearly increase (+) or decrease (-) in paddy land

Yearly increase (+) or decrease (=) in summer upland

- (1,000 ha)

Effective working hours per man-equivalent-unit in
season 1 (hours)

Labor requirements for intercropping on orchards or
mulberry fields in season 1 (hours/ha)

Effective working hours per man-equivalent-unit in season
2 (hours) '

Labor requirements for intercropping on orchards or
mulberry fields in season 2 (hours/ha)

Working capacity per tiller in season 1 (hours/tiller)

One minus rate of depreciation over the first three
years of tiller life time (proportion

One minus rate of depreciation over the fourth to sixth
year of tiller life time (proportion)

One minus rate of depreciation in the seventh year:of
'tiller life time (proportion)

Ratio between working capacity of a tiller in season ?

“and capacity in season 1

continued ...



Table 3 (contirued)

%

Ble

r
.319

.
.BZO :

B7, (¢)
)
B;‘B(t)
ng(t)

st(t)
Boet)
B (t)
Boet)
' Bg?(t)
e

(hours/transplanter)

Vorking capacity per transplanter in season 1

O@e?miﬁus rate of depreciation during the first three
years of - rice transplanter life time (proportion)

Ohe minus rate of depreciation during the fourth to
sixth year of - rice transplanter life time (proportion)

One minus rate of depreciation during the seventh.
year of -, rice transplanter life time (proportion)

Avefage barley yields from intercropping on orchards
and mulberry fields beginning with the second year of
intercropping (MT/ha,perennial land)

Average potato yields from intercropping on orchards and
mulberry fields beginning with the second year of
intercropping (MT/ha perennial land)

Average bran yields (in TDN) from intercropring on orchards
and mulberry fields beginning with the second year of
intercropping (MT/ha perennial land)

Average roughage yields (in TDN) from intercropping on
orchards and mulberry fields beginning with the second
year of intercropping (MT/ha perennial land)

Projected capacity of pasture land (ha)

Maximum natural expansion rate of domestic dairy herd

Projected number of imported dairy cows (cows/yr)
Maximum natwral expansion rate of domestic draft cattle
herd °

Projected number of imported beef cows (cows/year)
Maximum natural expansion rate of sowherd '

(0.5 litter rate minus replacement rete)or, if smaller,

upper flexibility coefficient for hog production.
Average life time of mulberry trees (years)

Flexibility coefficient for wheat (lower bound)

Flexibility coefficient for barley (lower bound)

continued ...
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Table 3 (continued)

B3
Bs
B3
By

r
Ble

Ir
B39

Flexibility coefficient for vegetables (upper bound)
Flexibility coefficient for hog production (lower hound)
Flexibility coefficient for fruit production (upper bound)
Flexibility coefficient for dairy production (lower bound)
Adoétion rate of tiller investment

Flexibility coefficicnt for raw silk production
(upper bound) :

Flexibility coefficient for tobacco production (upper bound)

.thimum yearly growth rate of numbers of layers

Maximum yearly growth rate of numbers of broilers
Flexibility coefficient for summer grain (upper bound :
Flexibility coefficient for summer grain (lower bound)

Flexibility coefficient for industrial crops
(upper bound).

Flexibility coefficient for industrial crops
(Lower bound)

Flexibility coefficient for potatoes (upper bound)
Flexibility coefficient for potatoes (lower bound)

Flexibility coefficient for tobacco (Lower bound)

Maximal quantity of national feed grain imports
per year (1,000 MT) '



-27 -

2.3 ,IngutiOthut.Métr;x.Generétion
Following is a iiStin§ of those matrix'coefficients, a;,J(t),
: 1
which are changed in time
_ . o
a'lll.s"/(t) = _z(t)
YLD Yield of KASS commodity i in region r (MI'/ha)
IR 7 R
al) g(t) = = YLD3(t) [1 + TEFFa]
r e _(yinT
311’33(t) (_1'_1:22('6) YLDRB)

YLDRB Average proportion of intercropping area on
orchards and mulberry fields used for barley
production (beginning with the second year)

r r
t) = -(YLD,(t) YLDRB
r = - vyip'
a12,15(t) YLDg(t)
r = - yinT
912,16.(1;) me(t) EL + TEFF].é]
r = o r
BRANR Proportion of bran in rice (related.to polished rice)
r = - r
a13,2(t) (XLQl(t) BRANR)
r r
t) = =(YLD_(t) BRANR
5,0 = - (s) s
r = -
813,h(t) (ZLQl(t) BRANR)
r o _(vin®
alB,S(t) (ILQB(t) BRANW)
BRANW Proportion of bran in wheat (related to milled wheat)
r r
813’6“) = '.'(I.I;QB(t) BRANW)
r e (y1nE
a13’7(t) = "=(YLD,(t) BRANB)

BRANB Proportion of bran in barley (related to milled

barley) '
813 g(t) = ~(LLD7(t) BRANB)

3/ Compared to figure Al the nomenclature is slightly changed for
convenience. The coefficient indicating to which region the respective
equation belongs, is left out.
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al5,g(t) = - PROP" YLD, (t) BRANS

BRANS Proportion of bran in summer grains (related to
milled grain)

a3 1o(t) = = PROP” YLD, (t) BRANS

The following coefficients %55,27 Jeessecresranseney a§3’3£]
contain those proportions of feed concentrate inputs for livestock
which can either be farm produced or purchased and which therefore
have to appear in the coefficient matrix. The remaining proportions
must be purchased (or imported) and appear therefore in the objec-
tive function. For dairy production and broiler production it is
assumed that exclusively commercial feeding exists. For Korean
cattle, hog and egg production by~product feeding is possible within
the limit of by-product supply from farm-households. The total feed

1/
concentrate inputs are computed as follows:

FDTM1(t) = FDPUM(t)
+ 2.5 [BRTEM(t) - SARTB.'(t)] FDPUBE(t)

+ 2,5 SARTEM(t) FDPUHR(t)

FDTBR(t) = FDPUBR(t) YLDBR(t)

where FDTM1 Feed concentrates input per dairy unit
in TDN (MT/cattle aggregate)
FDPUM Yearly concentrate feed input per dairy
" cow in TDN (MT/cow)
FDPUBE Average yearly concentrate input per
head of dairy cattle during the fattening
precess in TDN (MT/head)

1/ Differences in the conceptional approach to compute feed inputs
for different kinds of livestock result from differences in the
kind of supplied data.
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FDPUHR  Average yearly concentrate input per head of
dairy cattle being raised for replacement
in TDN (MT/head) .

FDTBR Feed concentrate input per broiler in TDN
(MT/broiler) |

FDPUBR Feed concentrate input in TDN per MT edible
meat in broiler production (MT/MT)

The feed concentrate requirements for Korean cattle, hegs and

layers are computed recursively in the following way: Let CPET{

be the 1971 herd size of livestock i (i=1 for cattle, i=2 for hogs,
i=3 for layers) in region r. And let x{(t) be the endogenously
computed herd size of livestock i in period t. The feed input ai(t)
is then computed as follows:

r
= ATR; , if x;'(t-l) < CPLTy

r
at) 3. E\'mi CPLT;

+ AMO, (8) (x](£-1) - CPLT;‘)] /% (t-1), otherwise

where ATRi is the average feed input in 1971, composed of

~ modern and traditional feeding patterns. The

ATR; coefficients are computed in such a way

tha% supply and demend of feed are equated for
the initial year 1971. ATR is assumed to be
equal for all regions.

AMO; is the feed input in modern feeding consisting
exclusively of commercial feed. AMO is changing
with time as a function of biological progress,
changes in vield nanr nnimnl’ ete, It is assumed

to be e
a{(t) Feed r livestock activity i
(Mr/ . following variable names
are ons.
FDTK t)=az(t), FDTEGr(t)=a;(t )

This formulation is based on the assumption that the supply of
household garbage will not be growing any further and that the

current usmeunt, is a limitation to traditional feeding patterns.



Livestock production can only be increased at the costs of a
growing proportion of commercial feed in tﬁe average feed mix
AMOi is computed in the following way:
Korean cattle
AMO; (t) = FDPUKC(t)
+ Emm(t) - SARTm(tE] FDPUKB(t )
+ SARTEK(t) FDPUKH(t)
Hog
AMO, (t) = FDPUS(t) + BRTEP(t) FDPUP(t)
Layers
A¥MO, (t) = FEDPUE(t) [}. + SARTEL(ti]

where FDPUKC Yearly concentrate feed input per
Korean cattle cow in TDN (MT/cow)
FDPUKB Total concentrate feed input required
"~ to raise and maintain one Korean cattle
animal in TDN (MT/head)

FDPUKH Total concentrate feed input required to
raise one Korean cattle heifer for
replacement of a breeding cow in TDN
(KT/head)

FDPUS  Yearly concentrate feed input per sow in

~ TDN (MT/sow)

FDPUP Total concentrate input in TDN required
to fatten one hog (MT/hog)

FEDPUE Yearly concentrate input in TDN per layer
(MT/hen)

The matrix coefficients for feed inputs are now defined as follows:

r

a13,27(t) = (1 - PRPU) FDTML(t)

r = - r

a13’28(t) (1 - PRPU) FDTKC  (t)

al t) = (1 - PRPUP) FDTH' (%

13,290 = ( ) FDTHT(t)
r = (1 - r
a13,30(t.) (X - PRPUEG) FDTEG (t)
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ais’3l(t) = (1'- PRFUEG) FDTBR(t)

r .
ais’se(t) = 1.1 a13’28(t) (Beer fattening)

Folloﬁng are other time varying matrix coefficients:
r = af
8.13’33(1':) 8.11’33 BRANB
r = ol ~
23,35(%) = 813,55 BRANB
.r r
alh,J-B(t) = '(.!!-'27(‘» HEYV) ‘
'HEYV_ Roughage TDN proportion in vegetable by-products
r = —(yInT
alg,lh(t) (YLD7(t) HEYV)
r r
= - P
alh,15(t) (YLDB(t) HEYP)
HEYP Roughage TDN proportion in leaves of sweet potatoes
r . - r
311“16(1") (@B(t) HEYP)
r = r
alh’lg(t)' = YLDFR (t)
YLDFR Yield(in TDN)of forage production (MT/ha)
r
8)y,,20(t) = =YLDFR™(t)
a{l‘,zs(t) = -YLDPAEr(t)

YLDPAE Yield (in TDN)of grass production without
fertilizer input (MT/ha)

a{h,26(t) = -YLDPAI"(t)

YLDPAI Yield (in TDN)of grass production with fertilizer
input (MI/ha)

a{h’27(t) = HEYMIT(t)

HEYMI Roughage requirement (in TDN) per unit of dairy
activity (MT)

r r
°1a,28(t) HEYBE" (t) ‘ |
HEYBE Roughage requirement(in TDN )per unit of beef

activity (MT)
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a{h,29(t) = HEYHO"(t)

HEYHO ?ouﬁﬁage requirement (in TDN)per unit of hog activity
. MT
r r r
a (t) = -(YLDFR'(t) FOROR")
14,33
FOROR Average proportion of intercropping area on orchards anc
mulberry fields used for forage production
r = - r r
au’35(t) (YLDFR"(t) FORORT)

r
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Dynamic Linkages to Other KASS Model Components

3.1 Market Feedback

As generally described in the main paper, the RLP Model is
designed to be a component of the KASS Model. Production and
allocation decisions are ceteris paribus a function of previously
realized prices which determine the current pricg expectations.
Currently realized prices in turn depend on previous producticn
and allocation decisions which determine to a great extent the
current market supply.

This dynamic relationship between supply and market component
is established by replaceing the exogenous production figures with
endogenous variab}es from the RLP Model in the following way:

Y/
3.1.1 Field Crop Acreages

. The acreage Ag(t) of a KASS-commodity j in region r is computed
as the sum over all technologies of the corresponding activity levels
2

xi(t) of the RLP solution for the same year.
Rice A;(t) = 1000 Ef;,xg(t)

: 8

Barley Ag(t) = 1000 Z xg(t)
» 7

Wheat  Ag(t) = 2000 § x;(t)

Other grai Ar(t)’ 1000 PROP. 2-10: r
er grain A, ) xj(t)

-

17

“therefore to be rescaled.

The equations listed here replaée,the A-variables in subroutine
INPUTS

The RLP-output variables are expfessédiin’IOQO‘units and have
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where PROP is the proportion of "other grains" in the
RLP activity "summer grain"

Fruits At (t) -i_" LPER, (t)
5 = 1
where LPERl is the numbers of hectaresin age cohort 1
of orchards.

Pulses Ag(t) = 1000 (1 - PROP) :

J
Vegetables A7(t) = 1000 ZI_L xj(t)

Potatoes AT(t) = 1000 Z: x.(t)
8 4=15 J
r 18 r
Tobacco A (t) = 1000 ) _ X (t)
J-l7
Forage 0(t) = 1000 E:: xg(t)
J=19
Mulberry All(t) = 1000 i%i (t)
J—Bh
Industrial  AD,(t) = 1000 Z x3(t)
crops i=11
Y/

3.1.2 Li#estock Production

Other then the existing component, the RLP Model computes
livestock production by regions. It is therefore necessary to
define new, regionally different llvestock production varlables,
OUTLVl (t)
ggg_g OUTLVLy (4) = 1000x(t) [o 5 BRTEM(t) YLDHE(t)
+ 0.5 BRTEM(t) YLDBE(t) |
+[1000 34 (8) + 1150 B(t] [SARTEK(t) YLDKC(t)
+ (BRTEK(t) - SARTEK(t)) YLDKB(t)]

1/ The equations listed here replace the corresponding variables
in subroutine PRODLV

g/ The following variables are already explained in section 2.3v



Poultry Meat OUTLVA(t) = 107 x55(t) SRTEL(t) (1 = MORL)YIDL(t)-
+10° T, (£) .(17Moﬁéa) YLDBR
E_ggs ouer1§'(t:) = 10° x;'o(-t) (1-v;onL) YLDEG(t)

Producer prices for agricultural commodities are computed
endogenously by qithef supply-demand interaction or b& application
of governmental grain management policies. These prices
(PAVG;(£)) are fed back to the production and allocation com-
ponent to close the feed back loop between supply and demand .

- for agricultural commodities.
3.2 .Other Linkaggs’

A variety ijother forward linkages between the RILP component
and the KASS-Model are possible. Currently only one linkage is imple;
mented: The planting rate of new orchards is computed endogenously in
the allocation model and is féd into thé perenniallmodel as input rate
RLIN'to the first cohort of orchards:

RLIN'(t) = :§3(t)
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4o Output Routihes
Three different kinds of output routines are available to analyze
the performance of the model:
L1 A complete yearly output
L2 Additional performance criterion

4.3 Time series tables and plots -

Lol A Complete Yearly Output
A complete output of both the primal (Table 4) and the dual

solution (Table5.) can be printed for every year. In addition it
contains the cqrrent objective function and the constraint vector of
the: progrémming’i model. Sample outputs are attached below. The
variables are defined as fo.
Table4 ) YEAR ':  Simulation period (for t=l— year=1971)
QBJ FUNCTION : Total value of 6bjective'funct,ion [1]'('0)]
REG : I'ndex for regions 1, - -
COL : 'Index of acti'vity in
ACTIVITY : Name of activity
SOL. VECTOR ¢ Activity level in units épecified in the table
(T = thousand, M = lnillion, HA=hectares ,
" MT = metric tons) J |
OBJ. VALUE : Current value of objective function
coefficient [i;"(_t)] |
REDUCEDCOST -:Margih;ai costs of changing the l‘evél.gfg. the

x;éspectivg activity by oﬁe unit[aT[(t)/bx;(
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SAMPLE OUTPUT OF PRIMAL SOLOTION: ACTIVITY LEVELS, UBJECTIVE FUNCTION COEFFICIENTS, AND REDUCED COST COEFFICIENTS

A
” .
-

VBNV EWN-

‘'08J FURCTION =

ACTIVITY
RICE TRAD,
RICE TIitLL,
RICE TRANSPL
RICE ALL 1toD
WHEAY TRADIT
WHEAT MODERN
BARLY TRAPIT
BARLY MONERN
SeGRAIN TRAD
S.GRAIN MQU.
11D CRP TRAD
1HND ,CRP HQODa
VEGETe TRAD
VEGETe MHODe
POTATO TRAD
POTATO YOD.
TOBACCD TRAD
TOBACCO HpODe
FORAGE TRAD

FDRAGE MQDe

BARLEY FEED
POTATO FEED
BARLEY SALE
POTATO SALE
GRA= EXT,
GR¢4 187,
DAl covs
KORCATeCOSS
HOG PKODe
EGG PRODe
BROILER PROD
ORCHARD PPOD
9PCHARD PLTG
HULBERY PROD
HULBERY PLTG
TILLER IHVES
TRANSP [HVES
REEF CATTLE
FEED GR.1:1Pe
R1CE TReD,
RICE TIlLL,.
RICE TRaMNSPL
RICE ALL rouD
CHEAT TRARIT
vHEAT MCDERN
BARLY TRAGIT
EAKLY MODERHN
SeULRAIN TrAD
SeGRAIN 1aD.
JTHUSCRP TRAD
IHUGCRP 11e,Do

VFEGET. TFAD

¢626738+09,

SQLUTION VECTOR

3654258500
+NN3006
«0Z0GC
oL GOC

23.4c002
sOT 00U
9832000
«370UC
96439690
sUIIID

T 1Ge43975
221525
¢ 0CCIH

95022577
18¢5725¢
«JCCOL

e 01,000
11¢45u73
«JOU0L

s 200G

¢ 05200

[ Il i1
19725504
75.490435
1R.B755]
3272649
1t1e324p¢
V1877467
49,7990
S5e.690U0N
7.5C00C
1374400
sz 00cC
116370
«DCV22
leb74900
TN,
B8e657313
13245617
724563411}
49.820889
o 3Z00C

LY bage T o

113931239
«03Z50C

64695799
0TI

2020503,
o 3TN

4757371
« 3TN
L) Ik 14 2

TABIE J

YEAR = 1971

Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te * HA
Te HA
Te HA
Te WA
Te HA
Te HA
Te HA
Te HA
Te MT
Te MT
Te #MT
Te MT
Te HA
Te HA
TeCOWS
TeCULYS
Te50uS
MesHENS
MeCHIK
Te HA
Te HA
Te HA
Te HA
TeMaCH
TeMACIH

TeCOM
Te MT
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA
Te HA

O0BUECTIVF VALUE

224213,33984
21989n.8378%
223683,33789
219560,83594

41194467949

2763467920

«15384,83960
«33234,83936
265619492529
21494.7464A89
12240110742
122334.60645
4731344620131
486939.81641
-1775n0.75952
«29650+75952
24V017.62500
243902462305
«11119,439966
«52633439941
«D0090
«00000
47u%3.00000
S30100.00000
« 60090
416399994
145197.32422
21923.,05249
118821.99527
10764695.00030
173090.40039

© 3349328496875

175522.70703
20423.22168
10415.84314

-67618.19824

=lU(148 449976
45365.62744

=-316:00.00000

209943.33789

204928.,323789

209633433984

204959433594
411944679869
27638467920

«-15384,83960

-32234,83936
31553y,70898
26675,928271

122401410742

1243364610645

473134,482031

REDUCED COST
=-+C0000
8547,73535
1535.82106
10083.55640
-+00000
21470.,47070
«2000C
2629911670
-«00000
6548,89490
-«00000
-.,00000
11848,700564
=-.00000
-<«0v000
1555121130
74903.49475
«00000
461679023047
512320.58203
16000.,000U00
20043.47778
« 00000
+000D0
-+00000
'« 00000
=,00000
«00000
«00000
-+00000

FEZIBLRFTIFIARRERLENAETLERSG S& ¥ 5XST

\\\\\\\\\\\\\\\\\\\\\\‘\\\\

+00000 w/CHIK
«00000 % 7 HA
3178964605497 ® /7 HA
-+00000 W /7 HA
483331435156 % /7 HA
=.00000 w/MACH
«00U00 W/MACH
«00000 SW/uNi

«00000 w

« 00000 #»
«00000 »
1535.81810 &
1535.82108 W
=+00000 ¢
17607013062 o
«00000
22652.09834 w
-.00000 w
11119.88037 w
- 0U0UNo
54680.09387 4
5727.00421 w

NNNSNSNSNSSNANNSN NSNS

nT
HA
HA
HA

Sge-
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_Table 4 (continued)

LUWWWLWWWUWWWWWOWRWLWWWDRLWWRWWR WL NNNNNNNRNNNNRNNNNNNNNNNNNNNN

&3
Ly
%5
LY
7
L8
%9
&0
61
&2
€3
(X}
€5
+6
&7
&8
L9

.VEGETe MNCD.

POTATO TRAD
POTATO FGDe
TOBACCO TRAD
LOBACCO HOD.
FORAGE TRAD
FOKAGE MODe
BARLEY FEED
POTATO FEED
BARLEY SALE
POTATO SALE
GRASS EXT,
GRASS INT,
DAIRY COwS
KORLCAT.CO&S
HOGL PROCe
EGG PRODe.
BRUILER PRroD
CRCHARD PROD
ORCHARD PLTG
“ULRERY PROD
MULEERY PLTG
TILLER JNVES
TRANSP THYES
REEF CATTLE
FEED GR.IMP.
RICE TRAD,

"RICE TILL,

RICE TRANSPL
RICE ALL 0D
SHEAT TRADIT
SHEAT MODERN
BARLY TRACIT
BARLY HMODERN
S¢GRAIN TRAD
S¢GRAIN MQODe
INDJCRP TRAD
INDJCRP MQD.
VEGET. TRAD
VEGETe MODe
POTATO TFAOD
POTATO MOD.
TOBACCO TRAD
TOBACCO MCD.
FORAGE TRAD
FORAGE MgD.
BARLEY FEED
POTATO FEED
BARLEY SALE
POTATO SALE
GRASS EXT,
GRASS INT,
DAIRY CO®S
KOR.CAT.COWS
HOG PROD.
EGG PROGS
BROILER PROD

13180320 T
127475832 To
«00003 Te
2082392 Te
323200 Te
«3G202 Te

o Q00NN Te

« 0500 To

« 020035 Te
141977106 Te
518¢69748 To
66495607 Te
«0020a: Te

3¢1570C TeCONS
3440115} TeCOwS
168033600 TeS0usS
8447305 MeHENS
1355003 HeClHIK

3522905 Ve
+90335 To
‘851631807 T
«0300C Te

HA
HA
HA
HA

3.5520C TeMACH
"eQG300 TeMACH
1658249 TeCOW

35455852 Te
135460800 To
«03000G Te
«0N500 To
+00000 Te
2000003 Te
«09009 Te
7337488 To
«0230G T
126274684 To
«0C2035 Te
2347030 Teo
«02333 Te
«02000 To
36480000 T
40.5310C To
+«DCO0C Te
1¢13960 Te
1538667 To
«0C000 To
+0Q00Q T»
«0000G To
«0G00a T
133.40398 Te
164,55586 To
18424872 Teo
+0Q000 To
1.002100 T.

MT
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
HA
He
HA
HA
HA
HA
HA
MT
nT

54484127 T+CO&S

2B84056CC To

1443000 MeHENS
2.00000 Melnik

486939,81641
«@®775C¢ 75952
«27450475952
24001762500
243902462305
11119439966
=52633.39941
«C0000
+00000
47300.0G000
S3:00.,00090
- «230000
~4163499994
145192432422
21923,05249
11882190527
1076495,00000
173090+40039
33123;.99609
173895+79687
20423,22148
10415484314
-69618.19824
=1004R8.49976
45385,62744
-31300.00000
1739463,34180
167128.33984
173433,34180
166798433984
41194,67969
27638.67920
«15384,83940
=33234.83936
38439.06836
341146454785
122401410742
122334460655
473134,82031
486939,8)641
=17750.75952
=295650.75952
240017.,62500
243902462305
«11119,39966
«52433,39941
+00000
+«00000
47000,00000
$3000.00000
+«00000
«4]163,99994
145192,32422
21523,05249
11862;1,70527
107647 ,04000
173090440039

-+00000
~-+00000
212514646406
+00000
1719.10852
156562+39648
201570.22%6)
164000.00000
21739.13013
»00000
+00000
«00000
609722247
-+00000
-+.00000
«00000

=+ 00000
+00000

+00000

38094001611
-+ 00000
198818433594
«00000
«00000

~ =+00000
«00000
«00000
29036444509
329.997962
2936460464984
+0000C
4109045898
=+00000
47827414697
«00000
11119.8297]
«+03000
6792675494
2388418555
~¢00000
+00000
28281415405
+ 00000
-+00000
48427.80078
143718,.0058s
16000.,000C0
18565421680
«00000
+00000
+00000
5974453174
-4.00000
«0g000
«0cl00
-+00C00
«0CU00

NN NNN NN N NN,
x
>

FI A 22T ETIRX2>UCEI XS
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Table 4 (continued)

VDWW WWw WW

10
11
12
113
iig
118
1:6
1:7

ORCHARD PROD
ORCHARD PLTG
BULBERY PROD
HULBEPY PLTG
TILLER INVES
TRANSP JNVES
REEF CATTLE
FEED GReINPe

1136200
135000
18.099Co
+ 00000
«770090
+ 00000
79013173
10453209

Te HA
Te HA
Te HA
Te HA
TeMACH
TeMACH
TeCOW
Te NT

331¢09.25781
1749094,85937
20423,22168
10415,84314
«569518419824
«~10D048,49976
453654,627494%
«31000.00000

+00000
+00000
=«00000
34045,813057
+«00000
10048.49976
+00000
+00000

W/ HA
% /7 HA
W/ HA
N/ HA
W/MACH
W/MACH
SW/yn1
w /7 At

- 07 -



Table 5) REG
ROW
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¢ Index for regional (1,2,3) and national constraints(l)

¢ Row index in the multiregional model

CONSTRAINT ¢ Name of row

Type

RHS

SLAC

PI

¢ For each row a type is specified; (+) refers to L)
(=) to Mand ( ) to = signs in the model constraints,
with the limitations written on the right hand
side of the input-output model.

¢ Current value of constraint element y;(t) in units
specified in the table.
K: Amount of RHS not utilized in this periocd (units are

‘the same as for RHS)

Marginal value product of const.raintsE)'(T(t.)/ o y;(t):l
in unit specified in the table.

L.2 Additional Performance Criteria

In addition to the direct output from the programming comgonent,

some specific

regional and national accounting is done to compute

indicators for mechanization, resource use, capital requirements etc,

1/

These additional performance criteria are defined as follows:

. AMOD
TITN
" TRTN
TIRP
TRRR
TINI
TRNI

Proportion of total area cultivated with modern'technology
Total number of available tillers plus attachment

Total number of available rice transplanters

Number of tillers invested for replacement

Number of transplanters invested for replacement,

Number of tillers ﬁet invested

Number of transplanters net invested

- 1/ The variables
whole nation.

are printed for each region as well as for the



REG ROw
1 |
1 2
1 3
1 §
1 S
1 6
1 7
1 8
1 9
1 lo

11
12
13
14
15

= P P Gub S0 bt B b B0 0 Gu0 P Guo

NAONIGN!UN!QNhJNh)NhﬂNhﬂNh)NAONIUNIJNNIN-'-'~

.

.

16

CONSTRAINT
PADDYLAND
SU«UPLARD
®“JeUPLALD

0X WORK JUNE
LABOR JUNE
LABOR OCTCBe
0X §1ORK OCT.
TILLER JUKE
TILLER ©CT.
TRANSPL o JUNE
BALANSBARLEY
BALANPCTATO
BALANCCCHCT
BALANSROUGH.
PASTURE LaAKD
DAIRY HERL
KOR«CAToHERD
SOr HERD
ORCHARD LAnD
MULBERe LAND
KINSWHEAT LD
MINJBARLY LD
BAX.VEGET LD
MItea SON HERD
MAKJHEN ORCH
MINDAIRY HD
MAXTILLeINY
PADDYLAKD
SUsUPLAND
%leUPLAILD

0X WORK JuNnE
LABOR JunNng
LABOR 0CTCBe.
0X *ORK OCTe
TILLER JUNE
TILLER OCTo»
TRANSPL ¢ JUNE
BALANSBARLEY
BALANSPCTATO
BALAMJCCHCT.
BALANGROUGH.
PASTURE LaAND
DAIRY HERp
KOKoCAT o HERD
SOw HERD
CRCHARD LanD
HULBERe LanD
HILeWHERAT LD
HIle BARLY LD
NAXCVEGET LD
11J1:e SOW HFERD
NAAJHER OrCH
itlleLALinY Hb
NAASTILLeINY

éﬂﬂ&&&ﬂﬂﬂﬂLOFBRﬂ%ﬂﬂﬂlﬂm% CORSYRAINT-VECPOR, SLACKS,

RHS
365024500
17CeC2CCG
183.974G0

2700
229452000
229 550G

02500

1183.8:i.5C0
1183+6,:-£00

«Crrcon

262100
«Gr oo
«C7110

6017190

5146200
13.47300
18C« 33500
49.79900
1374400

11.63700

23.44:C00
98430000
97.50C00
41.3(000
2.30C0D
1132400
1¢674900
77452390
42194400
872.85500

«0p000
65646290
65462200

« 0000

24346.0C2C0
2434.00000

«0CCOO

931100
e GO0

183320

1S«48100
74.87300
3« 60500
360 «5940Q0
168+313600
3te.22C00
5161800
96487700
647.0,7Ca
131.8; 705
153.9.700

4075700

312730

359230

Te HA
TeLORS
TeCOAS
TeSORS
Te HA
Te HA
Te HA
Te HA
Te HA
TeSOWS
Te HA
T+COWS
TeMACH
Te HA
Te HA
Te HA
Te KRS
M, HRS
M, HRS
Te HRS
Tes KRS
Te HRS
Tes KRS
Ts HT
Te MT
Te #7
Te mt
Te HA
TeC0OZS
TeCOHS
T+SORS
Te HA
Te HA
Te HA
Te HA
Te HA
TeSURS
Te nA
T.C0RS
TentaCH

TABLE 5

SLACK
«GLOOG

« 2003
«GCQoL

+ 00000
1280181
343544
247101
SBe32992
«000CO0
«GODOO
+000CO

« 00000
«03000
«0C000
«000cO
2914900
« 00000

« 00000

« 006000

« 00000

« 00000
«00000
2027423
849900
2+30000
«00000
+06000

+ 00000
«00000
3.88291
F+80%32
4315541
«00000
«000G60
84B8.11111
« 00000

+ (0000
«00000
«30000
«00000
«QURDO
991692
e44800
«000G0
+000C0

« 00000
«300EO
17+111239
« 00000

« 00000
14¢43400
4.75000
¢ 30yt

« 05000

AND SHAWOW PRICES

Pl
235485+ 33607
£7221+44520
931842411949
6517609708
*00000
*ng000
*pu0Og0
+;0000
2869842232
4019400
47000+.00C25
53000+000;12
434780246123
989707312
11584680483
+0n0po
32354.9980%
3286872287
333677420734
19119¢69%83
-B66481063255
«B843953¢1190S
* 00000
*00000
+000p0
=33505+44854
2092+38145
14783550274
179002+71476
*000g0
e0n0p0
*00000
21240735186
12530146008
*00000
1174032620
4019400
47000+00025
53000.000;32
4347825123
2148402503
*»000p0
«pn0gp0
3215)1+04157
249365499856
271674100777
-4094+78082
«Qulp0
2639945446
33877254634
+000g0
*+0uCyo
-24624+85155
22396335196

continued

% 7 LA
% /7 A
N7 lA
"/ Tens
W/ TeyS
w/Teus
%/Tens
w/HOyR
#«/HOyR
A/HOuUR
h /7 mT

*FFSEIF ST B

/ pa
/ A
/ kA
/5w
/ kA
/Can
w/MAcH

TETRANFITI I FEAFTIETSERTISLS
~
v
o
]

1971)
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Table 5 (continued)

55
3
%7
“e
h9
[ 3]
1
€2
¢3
“y
X3
L.Y 3
&7
&8
.9
¢
71
72
73
kL ]
7S
76
??7
8
9
3
e
2
"3
cY4
41
Té
.7
-8
rq
T
93
w2
53
Sy
-
96
$7
<8
99
180
1l
112
103
104
15
106
t1c7
1°8
) N

W)
‘o

1:1

WL W W WWWNRNNNRNRN - e o W NN ==L B2 WWWWWWWWowitwe W W W Wi wwww

PALDYLALD
SUUPLAUD
wlaUPLAKD

£X VORK JUiE
LALOR Jullg
LALOKR 0CTRue
C¥ wWOKK OcTe
TILLER UUrg
TILLER CCTs
TRALSPLeJULE
GALANCBARLEY
BALAHSPETIC
CALANMCCOHC Y o
RALAHSRCUCH.
PASTURE LziD
CAIRY HERT
KOK«CAT o HE RD
S0y HERL
ORCHAKRD Lz2nb
TULEERe LAHD
“lhe™NELT LD
"Il eBARLY LB
FARSVEGET L L
#lieaS0W KD
vhRelEN O CH
A1LeDELEY KD
PARJTILL e 11V
NXeLEY UL i
SXeTOLACCE b
HXeFDaGrollP
BlLUGaCFPai 1S
BLOCAPLUTO!
Bl UL CAPL L 1S
BLOWCAFP 70!
ALGaCAPHELS
BLGeCAP UL
HARKLSeGRAT N
PINSS.GRAIN
AR, e CFOrsS
~llheleCrors
FAXALPCTAYCES
t1te PCTSTELLS
“lkeTOBACCO
PAKeSeGRALN
MIheSeGRAL
PAXe]eCEOFS
Mlinel e CROPS
FARJPCTATCLS
FINSPCTATIES
e TCRACCO
AReSeGRATN
HllhieSeGrATNL
PEKYaCICS
SllheleCRERES
VARLPUTAT LS
HlleaPULTATCLS
P IlLTLBiCC L

te)
te)
te)
t+)
()
te)
te)
t+)
lo,
(+)
t+)
(¢)
1e)
(e}
te)
(+)
{+)
(e)

)
(=}
t=)
te)
(=)
ie}
(=)
(+)
te)
t+)
t+)
te)
te)
1+)
te)
te)
(+)
te)
=}
te)
t=)
{e})
(=)
t=)
te)
t-)
(+)
(=)
te)
(=)
=)
te})
(=)
(o)
t-)
(e)
(=)
)

13546860
19C724CC
148.2326C
[ ric
155¢9.CGC
156.,9:70%
0 TCC
59C.C-TCL
89L.0L.LCL
W 0-C03
2025130
g A5
02140
2.61580&
55e5E1CC
1+:255C¢
128.973CC
28+086CC
11e362CC
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TIRFM Capital requirecments for replacement of tillers

TRRPM Capital reguirenents for replacement of transplanters
TINIM Capital requirements for net investment in tillers
TRNIM Capital requirement for net iﬁvcstment in transplanters
FUELN Total fuel requirements

RPN Total repair costs for farm machinery

FEIN Total feed concentrate input in barley equivalents
FEIM Total import requirements for feed concentrates

4.3 Time Series Tables and Plots

Any of the variables listed under 4.1 and 4.2 as well as any
input variable can be printed as a time series for the whole simula-

tion run. It «

5., A Brief Description of the Computer Program
Initial (t=0) data is read for the Y and A matrices. Time varying

parameters are read for the A matrix and the Z and Y coefficients. The
simulation model is run for one year and its outﬁuts become inputs to the
RLP. The Z vector is coﬁputed from the simulation model data ond the time
varying parameters. If it is the initial year, the RLP is then solved
(initial data is already in the Y vector and A matrix, so they don't have
to 'be computed ). If it is not the initial year,the Y vector and A matrix
are updated and the RLP is then solved.

This is the basic structure of the RLP simulation model combination.
The next section describgs each of the RLP subroutines in detail.
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Main Program
A list of the main executive program for the RLP Model version

1 follows. Version 1 uses KASS-model variableq as- exogenous dqta
(stored in unit 23 for all 15 years) and does not contain a feedback
from RLP to the KASS model.

T = 0.0
c CALLS TO INITIALIZE RLP DATA SYSTEM
CALL LPSTRT
CALL BSET
CALL ODATA
CALL AINTAL
c SIMULATION RUNS
YEAR = 1970.
IYR = 1970,
DO 400 I = 1,15
IYR =IYR+1
YEAR = YEAR + 1.
=7+ 1,

CALL OREDY
IF (IYR.EQ.1971) CALL LPRUN
IF (IYR.FQ.1971) GO TO LOO
CALL ASET
CALL YTN'TIL,
CALL LPRUN

400 CONTINUE
STOP
END

Subroutine LPSTRT
This routine is called once at the beginning of a simulation run
to initialize controls and constant coefficients of the yearly LP model,
It calls the subroutines INIT; SETVAL and LPDMP
Sub;outine INIT
This routine reads the array IFIX (gontrols for subroutine DULPDX)

and five tolerances for the LP.
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Subroutine SETVAL

This routine reads the initial input-output matrix A(I,J) and the
constraint ;ector RHS(I), including specifications for the type of
constraints. It also includes a switch IFIX(5). If IFIX(5) is equal
to 1, it reads an old basis for the next LP solution.
Subroutine LPDMP

This routine prints the initial input-output matrix and the
constraint vector.
bubroutine LPRUN

This routing is called yearly to execute the optimization process.
First, it calls the LP-subroutine DULPDX. Second, it calls the
subroutine PRTCHK to print out those results from the current LP, which
are not printed ;y DULPDX.
DULPDX - LP gquage

DULPDX refers to a package of 21 subroutines performing the linear
programming solution in the double precision version. This package ,
was developed by the University of Wisconsin Computer Center UWCC
in Madison.
Subroutine BSET

This routine reads data cards and builds a time varying parameter
matrix used to compute the yearly constraint vector Y. Actually 15
matrices are calculated, one for each yéar 1971-1985. The data'cards
mﬁst be in a specific order. First, the cards for region specific and
time,speEific variables (4 time points). Sécond, the cards for region‘
sgecific and time period specific variables (3 time points).
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Third, the cards for region specific and time constant variables,
And fourth, BIMNP, which is a constant national variable.

The data cards are always punched with three regions on one
(3F15.7) and are arranged from smallest to largest (Bl, B20...) within
each of the four sub-groups.

The TABLIElfunction is used to interpolate betwecen the data points
for a particular year.

‘ gfter each year is calculated the data is written out on logical
unit 22 which is rewound at the end of the subroutine. Unit 22 contains
all of the time varying parameter matrices.

Subroutine ODATA

Thie subroutine reads data cards and sets up time varying coefficients
used in calculating the vector of objective function coefficients 2,

The order of the data cards must agree with the order of the variable
names in the READ(21) statement in subroutine OREDY.

Each data card contains 4 values. These are the values of the
variable at 4 points in time (1970, 75, 80 and 85). The TABLIE function
is used to interpolate between these data points for intermediate years,

As in BSET, all 15 years are calculated at one time. fhe data is
written on logical unit 21 which is rewound at the end of the sub-
routine.

Subroutine AINTAL
This subrutine reads data and calculates time varying parameters

used to compute new coefficients in the yearly input-output-matrix.

See Fordyn: An Industrial Dynamics Simulator. Robert W. Llewellyn,
North Carolina State University
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,The"aata“érder is the same as the one in which these data are read from
funﬂﬁiékwin ASET. The coefficients are calculated for each of the
fifteen‘yeérs and written.out on logical uﬁit 2.

Subroutine OREDY .

This subroutine caléulates the objective function (z vector) from
the simulation model values (read from unit 23) and from the objective
f;nction baraméters (read from unit 21). The ordqr of variables in
these read statements must agree with the order in the COrresponding.
‘Write statements (see Unit Directpry). Also, some intermedigte
objective function values are written on logical unit 29 for use in
subroutine ASET. |
Subroutine ASET

This eubroutine reinitializes the A matrix and computes the time
Qarying levels ;f the A coefficients, The A matrix is saved in sub-
routine LPRUN and is reinitialized after.every solution.

The constant'A coefficients are read the first time the subroutine
is entered. Thege are then used in succeeding ;alculations. Parameters
used to compute fime varying A coefficientq are read from units 24
and 29,

Subroutine YINTL

.This subroutine ca;culgtes the'time_varying constraint vedtor Y,
'In the first CALL whiéh prepa}eé the constraint vector for yea; 2, data
,carda are read to initialize the lagged Y coefficient values. The
Y(t-l) values are read from unit 26 and. the time varying parameters B
@from unit, 22. | ' '
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The new Y values are then calculated and also saved on unit 24

to become Y(t~1) values for the next run, The time varying lagged
Y coefficient values are then updated;. |

Subroutine APRT

This subroutine prints the current coefficient matrix.

Unit Directogx

Unit No, Written on Read from Use

23 FRCROP OREDY transfers data from the
simulation model to the RLP

22 BSET YINTL time varying parameters for
constraint vector

2 ODATA OREDY time varying parameters to
compute objective function
coefficients,

2 AINTAL ASET time varying parameters to

compute coefficients of the
input-output-matrix A

29 OREDY ASET time varying parameters, derived
: ‘ - from the objective function to .
compute coefficients of the
input-output matrix.A,

27 LPRUN ASET initializa A matrix

26 YINTL YINTL contains lagged value of
constraint vector elements RHS.
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;Taﬁleiésf __Structure of the inﬁuLJOutput‘Mntrix fo
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. Table'8 (contimied).

Livestock Production

Fruits

:\1: NO.
'1E9rhilizer

With
Fertilizer

Dairy
(Milk, Beef)

Korean Cattle
(Draft)

Hog (Sow

- | plus Piglet)

laying
Hen{Ergs)

Bpoiler

New

Produc- Planting
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226

27

228

29

230

)

232 %33

=X

e o o s S ¢

> Ive fae e |

sl foelocf ve |e

=X

-x'

=X

-X

contdnued. ... -




v e T ow o~ w o =

2o e 2o e
33300@4:»\:.1:\»&»-10

won e RY e

Table 6 (coritinued) . - 53 u
1 E Investment in
5ilk Machinery
T Tiller plus | Trans- | Fattening Peed Grain
sanating | Attachment planter ]| of Cattle Purchase
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. Teble 6 (continued)

Copstraint Vector iwl, 2, 3(rggions)'rl.(h&tion)

T(t) Objective Punction

y{(t) Paddy Land Capacity (ha)

yS(t.) Summer Upland Capacity (ha)

yg(t) Winter Upland Capacity (ha)

yi‘(t) _Oxen Labor Balance in Season 1 (hrs)

y‘s‘(t) Labor Capacity in Season 1 (hrs)

yg(t)  Labor Capacity in Season 2 (hrs)

y,’,'(t) Oxen Labor Balance in Season 2 (hrs)

yg(t) Tiller Capacity in Season 1 (hrs)

yS(t) Tiller Capacity in Season 2 (hra)

¥ioft) Rice Transplanter Capacity in June (hrs)

y{l(t.) Balance Equation for Barley (MT)

yi'z(t) Balance Equation for Potatoces (MT)

y{a(t) _alance Equaticn for Feed Concentrates (MT TDN)

y{l‘(t) Balance Equation for Roughage (MT TDN)

y;S(t) Capacity of Pasture Land (ha)

y{b(t) Current Sije of Dairy Herd, Including Heifers (Head)

yi,’(t) Current Size of Korean Cattle Herd, Including Heifers (Head)

yi'é(t.) Current Size of Sow Herd (Head)

yi‘9(t) Capacity of Orchards in Production (ha)

¥5o(t) Capacity of Mulberry Fields in Production (ha)

y’z'l(t.) Flexibility Constraint for Wheat Production (Lower Bound) (ha)

y55(t) Flexibility Constraint for Barley Production (Lower Bound) (ha)

y’z'j(t.) Flexibility Constraint for Vegetable Production (Upper Bcund) (ha)

ySI.(t') Flexibility Constraint for Hog Production (Lower Bound) (Head)

ygs(t) Flexibility Constraint for Planting of New Orahards (Upper Bound) (ha)

y56(t.) Flexibility Constraint for the Expansion of the Dairy Herd (Lewer Sound) (Head)

y57(t.) Adoption Constraint for Investment in Tillers

y5g(t) Constraint for Egg Production (Hens)

ysg(t) Constraint for Broiler Froduction {Broilers)

ygo(t) Flexibility Constraint for Summer Grains (Upper Bound) (ha)

ysl(t) Flexibility Constraint for Summer Grains (Lower Bound) (ha)

y’a'z(t) Fiexibility Constraint for Industrial Crops {Upper Bound) (ha)

y§3(t) Flexibility Constraint for InGustrial Crops (Lower Bound) (ha)

¥5,(t) Plexibility Constrsint for Potatoes (Upper Bound) (ha)

¥55(t) Flexibility Constraint for Potatoes {Lower Bound) (ha)

¥36(t) Flexibility Constraint for Tobacco (Lower Bound) (ha)

y’l‘(t.) National Constraint for Planting of New Mulberry Fields (Upper Bound) (ha)

}Ji(t) National Constraint for Tobacco Production (Upper Bound) (ha)

alnlalvivinly mfvininlalnlwin{winlolvlefanninlnfalnlalnlalnlawlalalals [n]a ]

yﬁ(t) Restriction for Feed Grain Imports (MT TDN)
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. Land;Resources and Land Utilization

Table 1.1 : Land Resources in 1971

Region
Dategory 1 2 3 Total
‘| Paddy land 365,245 774523 135,608 1,275.376
Y/
Summer Upland 170.020 L21.94L 190,726 . 782.690
w/o-Perennials
.y
Land Used for
Double Croppin 183.975- 872.855 148,232 1,205,062
(winter upland
2!
Orchards 13.744 30.220 11,362 55,326
Milberry Fields | 11.637 |  51.619 .| 18.099 _ g1.35
Total Utilized :
Area 721,099 | 2,106,049 497.648 3,32&.796

Source: Yearbook of Agriculture and Forestry Statistics, 1572

1/ The composition of crops amohg summer and winter crops was calculated
psing’the‘compbsition.coefficients of table 1.2, The resulting
‘double cropping ratio is maintained as constraint for all years,
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Table 1.2 : Composition of Field Crops‘Among Summer and Winter Crops

-Region 1 Region 2 Region 3

1. Industrial Crop (average, '68-'70)

Summer 0.158 0.398 0.316

Winter 0.842 0.602 0.68L
2. Potatoes (5. Potatoes = Summer Crop, W. Potatoes = Winter Crop,

Average,) '68-'70)

Summer 0.627 0.788 0.488

Winter 0.373 0.212 0.512
3. Vegetables (1570)

Summer 0.513 0.603 0.527
’ Winter 0.487 :-. 0.397 0.473
4o Forage Crops (Assumed) ) ’

Summer 0.5 0.5 0.5

Winter . 0.5 0.5 0.5
5. Summer Grein (Pulses and Other Grains) (1970)

Pulses 0.094 0.227 0.418

Source: Yearbook of Agriculture and Forestry Statistics, 1968-1971

"Table 1.3 : Projected Crop Land Development and Land Withdrawei
by Regions zIOOO ha's7year§ 17

Region
Time Perio . 2 3

8006000000000 Paddy Land ll."‘.......l‘.l.ll.

1971 - 3.975 "'2.508 -50350 - o9h2
1976 -~ 1980 -2,850 . ~6,080 ~1.070
1981 - 1985 ~-2,850 ~6,080 ~1.070

(AR N NN RN NN N Upland 8500000000000 00000000000¢

1971 = 1975 +2.09), +4,470 42,235

1976 - 1980 +2.380 +5.,080 +24 540
1981 =~ 1985 - +2,380 +5,080 +2.540

‘Source. Projections by KIH,Young Sik and Karl T. Wright, AERI and

MSU,
1 (-) atanda for decrease, (+) stand for increaae



Table 1.4 Acreage of Varidug Crops by Regidn in Korea, 1965 - 1971

Unit: 1,00C hectares

1965 1966 1967 1968 1969 1970 1971
Region I
Total Rice 351,226 "354.457 353,625 350,267 349,900 344.976  341.723
“heat 031,386 33.634 33.062  31.008  29.998  29.378  23.414
arley 180.492  168.220 152.85L 144,862 134.999 123.233  93.431
S, Grain 151,048 138,526 143.799 134.649 129,173 119,408 98,680
Ind. Crops 13.225 14,739  15.092 13,092 12,696 14.880 12,830
Vegetables 51,745 48,716 59.996  60.962  71.289  97.730 100.576
Potatoes 33,927  31.752 28,797  25.797  24.851 22,509  19.6%7
Tobacco 5,518 6,140 6,536 6.321 5,68l 5.686 5,367
Fruit 13.471 ' A4.596 15,505  15.728  16.502  17.699  13.74k
Mulberry 8.463 9.811 10,056 18,361  15.143 12,363 11,637
_Region II
Rice 7574296  755.655 759.017  679.31L  T47.682 738477  729.413
Wheat 92.986  88.224 90.818  99.307  97.525 104.883  98.625
Barley 732,01, 685,306 717.508 737.296 719.281 701.386 670.851
S. Grain 287.545 249.92L 251.402 307.64L9 255,350 239.535 218,701
Ind. Crops 35,002 39.446 L3.6L3  LLJOL 58,156  52.39h  55.672
Vegetables 76.85L 75,929 .86,175  97.92% 121,962 120,711 117.33¢
Potatoes 130,666  130.662 126,08, 128,711 125.269 120.318 109,822
Tobacco 17.347 18,628 19,118 20.575 21,565 24,027 23,792
Fruit 2,,890 25,275 26,785 28,811 30,708 32,530  30.220
Mulberry 30,633 38,544 43.50L  65.258 61,080  53.459  51.61§
Region ITI

Rice 129.834 131.478 132,909 130.903 132,10, 129.900' 129.228
Wheat 28.489 32,365 29,022 38,426 26,660 24,868  21.414
Barley 118,997  115.835 108.446 -103,590  95.175  87.270  75.118
S. Grain 172,68 - 152,212 166,491 158,018 . 154.410 147.078 134.059
Ind. Crops 12,669 13.990 15,488 14,928 . 17.918 21,938 22,079
Vegetables 22,075 29,509 31.095 33,705  33.082 . 35.915 39,338
Potatoes L9.796  47.641 41.598 43,618  L2.948  39.078 35,132
{Tobacco 11.559  11.958 11.929  11.799  11.832  13.086  11.615
Fruit 44503 5,319  5.857 6,665 8.089 9.955  1l.362
Mulberry 11.381  13.337 14.956 10,825 23,041 19,155  18.100

Sources: Yearﬁdok of Agr;ctltureiahd_Forestry Statistics,>
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Table 1.5 : Historical Development of Total Utilized Area
by Regions 1965 - 1971

Unite: 1000 ha's

Region '
P 1 2 3 Total
ear
1965. 840,500 | 2,185,232 | 561.986 | 3,587.719
1966 820,591 | 2,107.592 553.643 | 3,481.826
1967 | 819.323 |2,164.054 | 557,791 | 3,541,168
1968 801,046 |2,208.948 | SL2.476 | 3,552,471
1969 790.635 |2,238.578 | 545.258 | 3,574,472
1970 788,06, |2,187.721 | 528,243 3;50&.026
o 721,099 |2,106.049 | 497.648 | 3,324.797

-Source: Yearbook of Agriculture and Forestry Statistics, 1966-1972
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Labor_ Input and Mechanization

2,1 Human Labor

Table 2,1.1 Definitions of Labor ~ Peak Seasons

Durationseason — - 1 2
Average dates June 11 - July 13| October 11 - Nov, 9
Calendar days 32 30
Holidays v 2 2
Raining days 5 3
Effective Working days 25 25
Hours per day 8.5 8.5
y v
Bquiv. unit (1970) 225 25

Value by 1985.

;/ This number is gradually increased in time to account for

increasing labor efficiency. It reaches 120 % of the initial

Table 2.1.2 Projected Agricuitural Laborforce in Man
Equivalent Units by Regions 1970-1985 .

Region
Pl 2 3 Total
1970 1.07 3.05 0.73 485
| 1975 11.13 3.23 0.78 5,13
1980 1.04 2.98 0.71 L.73
1985 074 | 2,10 0,50 3.3

Source: Population Projections by KASS
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Table 2,1.3 Labor Requirements for Crop Production
by Technology (hrs/ha)

echnology | traditional modern modern
(using draft (using a power (using a rice
. |__animals) tiller) transplanter)
Cro | Season 1 !|Season 2 | Season ) | Season 2 | Season 1 | Season 2

Rice 311 346 291 186 141 346
Mheat 276 28, 131 160 - -
Barley 307 320 147 180 - -
S, Grains 98 258 88 238 - -
Ind. Crops 287 232 277 2AQ2 - -
Vegstables _ A2 - 202 146 107 - -
Potatoes WL 231 104 191 - -
Tobacco 654 - 691 628 661 - - -
orage 218 293 106 106 - -
asture - - 10 - - -
rchard 650 245 568 166 - -
ulberry 164 .| 106 144 86 - -

Sources: 1. EXOTECH Systems, Inc.: Farm Mechanization Frogram for Korea.
- AID Project, Seoul 1972
2, AERI: Basic Data on Regional Planning, Seoul, 1965
3. K. Wright and Kim, Young Sik: Working Paper on Crop Proouction
L. Kim, Sung Ho: AERI Report, 1972

Table 2.1.4 Labor Requirements per Unit of Livestock Activity
(hrs/head) 1/

.Season
1 2
—
47.90 47.90
40.59 40,59 ’

41,00 41,00

125, 125.

" |1000 Broilers 31.3 3.13

Source: Based on Yook Chong Yoong:;Outline on Anlmal Husband?y, AERI,

Seoul 1960
1/ These labor requirements refer to animal aggregates, derined i
. appendix A,
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2.2 Draft.cattle

Table 2.2.1 Herd Size of Draft Cattle and Anzmal Labor
Supply by Regions, 1971

Region
4 1 2 4 3 Total
Category
| sveevsccccnnes 1,000 Animals secveccesccenes
[Korean Cattle over .
2 years, Ox units(1.0)| 136.432| 458.226 | 168,306 762,964
IKorean Cattle under .
2 years (animals) 102.176| 278,262 | 103.660 4,84,.098
Ox Units (0.25) 25,5441 69.565 25,915 121.024
Total Draft .
Animals (Ox units) 161.976 | 527.791 | 194.221 8e3.9e8
0eso0csneseoses 1,000 HOUrs osscsescoccsscnsses

[Hours per Draft-
Animal Unit

Season 1 .200 «200 200

Season 2 o125 125 125

otal Draft Animal

HO“T&J/

Season l 32,3000 105,5000 38,800. 176'600

Season 2 20’200. 65,9000 2[{,300. llO.hOO

1/ These numbers correspond to the number of cows over 2 years
(1.e. the numbers of cattle aggregates) multiplied by .342 and
«202 for region 1, by 294 and ,184 for region 2 and by «304
and .190 for region 3.
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Table 2.2.2 Draft Cattle Requirements of Production Activities
Using Traditional Technology (hours/ha)

Region q 2 ‘ 3
{Production Season 1 | Season 2| Season 1 | Season 2 | Season 1 | Season &
Activity
Rice 5l 15 70 22 42 14
Wheat 15 42 27 48 20 38
Barley 20 43 25 43 25 35
5.’ Grain 38 10 38 10 38 10
Ind. Crops L5 15 L5 15 50 15
Wegetables | 36 10 36 10 - 36 10
Potatoes 32 LS 32 L§ - 32 L5
Tobacco 120 50 130 L5 - 140 40
Pasture, ext.| 50 30 50 30 50 30

asture, int.| 100 60 100 0 | 100 60
orage 50 30 50 30 50 30 |
ru;t 10 50 12 60 10 Y
ulberry - 20 16 20 16 15 10

Solirce: Informations from the Farm Menagement Section‘ét AERI, Seoul
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2.3 Mechanizabion

Table 2 3.1  Variable Costs of Machinery: Utilization
) in Crop Production (Won/ha) ;/

iﬁaaarnf L total machine repair and fuel Variable costs
Activity hours/year/ costs (Won/hrs) | per ha
1= ha S 2/‘ (qu/ha)
|Rice w, Tiller 238 16 660
Rice w. Transpl. - 30 1 330
JRice ,&11 modern | | :
Tiller 70 238 16 990
Transpl. 30 1 16 990
[Wheat 68 ' 238 16 184
Barley 75 318 17 850
S. Grain 30 233 7 1,0
Ind, Crops 30 238 7 140
Vegetables 50 238 11 900
Potatoes 50 238 11 900
Tobacco 50 238 11 900
orage | 187 222 41 514
ruit 127 217 27 559
Mulberry | 60 217 13 020

1/ .Source: EXOTECH - Consulting Group:. Report an Farm Mechanization
w Yawman AT Daaa 2. .2 Ao 2 1AM .
2/ Assumptions
a. acquisition prices; tiller plus attachment - 381,052 Won.
rice transplanter -~ 55,000 Won. Salvage price = 10% of
acquisition price. Average life time; 7 years
b. repair costs per hour in erep production - 63 Won/hour

of tiller use ) forage 47 AN
fruit and mulberrys2 , ¥
transplanter use R

¢s fuel and oil costs for tillers-
consumption per hourf 5.3 1/hour - fuel
o ’ ~.0.X 1/hour - o0il -
. prices: 30Won/1. fuel
- - 160Won/1 oil
costs per-hour ' 175 Won/hour



‘Table 2.3.2 Mﬁchiﬁéf&fﬁéﬁfé;durihg Peak Seasons in Mcdern Crop
" ;Brddﬁctioh*(héurs[ha) o ‘ ‘

MiJPbﬁér Tilier T Rice Transpl.
_ “Season 1 Season 2 Season 1
‘ Ridg ’ ‘ o 10 ' 27 30
Wheat - . 18 31 | -
|Barley e .20 34 -
[s. Gratns 5 10 -
|tnd. Crops - | 5 0 -
Vegetables | 15 15 -
Potatoes ~ .20 20 —
Tobacco 10 15. -
Forage o 12 40 -
Pasture | : - - -
Orchard ' 2l 3 : -
Mulberry | 10 10 -

Sources: 1. EXOTECH Consulting Group: Report on Farm Mechanization
in Korea AID Project, August, 1972 ",
2, Kim, Sung Ho. labor and Machinery Utilization, 1972, AERI

Table 2.3.3 Total Number of Power Tillers in Agriculture by

Regions

Year Total Regipnl Region2 Region3
1964 601 152 340 109
1965 1,111 32, 6Ll BTVIE
1966 . | -1,555 472 - 83 260
1967 | -3,819 1,193 | 2,075 | - 551
1966 | 6225 | Lm9 | sae |

1969 | 8,832 | 2,684 [ 5,001 |




t3;¥i

;COstaiﬁem

Livestock Production and Feeding

Tébléf351

Production in 1971 -

Variable Costs, other than Feed for Livestock

V ctivity

Building and
Equipment Costs

Vetei. Costs
“[Breeding Costs

:bther. Costs

inn/cow an/co#i Won/hog W?nkheh an/bp?il.

g6y, 363‘0' g 355.3._ 2.8
1 v'a'ssz s | 20 :21;.‘3 1.8
1500 | 1500 -{ | 50| = | k3
o | s | 5Iz.3", 11 | 1.8

Source: NACF Reports.1969, 1970
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Tdble 3.2 Feed Requirements for Livestock Production (in TDN)

in the Initial Year QlQZOZ

Feed Commercial Feed
Livestock Unit Concentrate Roughage
category (TDN) TDN§
Basic production ,
Dairy cow MT/cow/year 2.4
Koreaﬂ cattle MT/cow/year 0.36
Sow MT/sow/year 0.84
Layér MT/hen/year 0.0215
Hog fattening MT/hog/prod. period 0.241
Broiler fattening MT/kg/prod. period 0.0022
Dairy beef fattening | MT/head/year 0.8
Korean cattle fatten.| MT/head/prod. period 0,566
g:i:igg of dairy MT/head/year 0.87
»Egt:igg of Korean MT/head/prod. period 0.486
Qigz;gated activities MT/year 3,55 21,59 |
Korean cattle modern | MT/year 0. 7447 541 1/
trad. | MI/year 0.083 541 1/
Hog,modern MT/year 3.29, .02,
traditional MT/year 2.19 .02
Layers, modern MT/year 28,00 -
(1000) traditional | MT/year 26.67 -
Broilers (1000) MT/year. 2,23 -
Beef cattle MT/year . .819 595

Sources. AERI - Livestock Report, 1968

Hong Jae Hee :

Working Paper for KASS 1972.

Informations from Farm Management Section, AERI
_/ Actually, the roughage consumption of Korean Cattle is assumed to- be:
different in the three reginons.
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Table 3.3. Selected Data on Livestock = Production for 1970

and Projections for 1675, 1980, 1985

- . Jear
\ 1970 | 1975 | 1980 (1985
Category =

Milk yield(MT/cow) 4.3 5.0 6,0 | 7.0
Birth rate, dairy (%) 70,8 | 83.3 | 69.0 [70.0
Edible meat per dairy beef (MT/head) JA44 .170 .210] ,230
Birth raté, gorean Cattle (%) 56,6 66.6 7.2 [73.8
%ﬁ;?ﬁ:agsat per KoreanICattle Ox | .130 ,130 30| .130
Piglets per sow pqrfyear 10.26 10.3 11.7 |12.9
Edible meat per hog (MT/head) 055 | .05 055 .055
Eggs per layer per year (MT/hen) .0093| .,0096] .011| .Ol1é
Edible meat per broiler (MT/head) .0007| .0007| .0007 .0007

Hong, . Jae Hee ¢
Seoul, 1972

Source:

Working Paper on Livestock Production KASS, '
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"Table 3.4 evelorment of Herd Sizes of Selected Livestock Enterprises
TUnit 1,000 female animals), 1968, 1969, 1971

Age 1968 1969 1971
4 Region I
Dairy over 2 years 5.971 9.175 13.473
Korean Cattle over 2 years 90.096 '90.5h1 99.793
Beef Cattle over 2 years 39 Q2 28
Sows over 6 months 139.083 138,536 126,375
Sows over 10 months 50,285 47,038 49,792
Hens over 6 months 5,597.660 | 4,949.C00 | 5,692.967
Region II
Dairy over 2 years 2,150 2.709 3.605
Korean Cattle | over 2 years 362,034 372,717 359,801
Beef Cattle over 2 years 47 399 184
Sows over 6 months 513.911 4,63.809 389.292
|sows . over 10 months 229,336 192,666 168.336
Hens over 6 months 11,875.978 8,819,000 | 8,468,508
| Region ITI

Dairy over 2 years 485 708 1.295
Korean Cﬁttle over 2 years 102,935 120.050 127.443
Bgef.cattie over 2 years IS4 <340 AT
Sows | over 6 months 91,101 89.053 68.362
Sows over 10 months 35,360 28,048 ' 28,086
Hens over 6 months 1,752.271 11,285,000 ;_i,h?S,é;é;»liz

Sougce:'zYearbobk{pf Agricultufe and Forestry Statistics.
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Table 3.5 TDN. - Content of Various Crop By-Products. (£ TDN)

giigupt By-Pr?duct grggugzin gggpfoiﬁct ﬁgyn%Pigduct
Rice Bran 13.2 79.4 | 10.48
Barley Bran 26.3 50,9 13.38
Wheat Bran 38.9 67.9 26.41
8¢ Grain Bran L9.7 37.0 18.39
Vegetabies Roughage 5.0 10.0 - 0.50
Sweet Potatoes Roughage 33.0 6.0 1.98
All Potatoes Roughage| 16.1 6.0 0.98




L. Forage Production and Pasture Management

Table 4.1 Assumed Yields of Cultivated Forage Crops on

Upland (Average 1970 - 198

'i?sziéld giggsyield Average
Crop Yield (MT/ha) 30.0 50.0 40.0
Loss Rate (%) 10.0 10.0 10.0
Eet Yield (MT/ha) 27.0 45,0 36.0
TDN Content (%) 12-18 12-18 13.0
INet Yield in TDN (MT/ha)| 3.2-L.8 5.4-8.1 4,68

Table 4.2 Assumed Roughare Yields from Wild Grass Land by

Management Intensity and by Region

1 2 3
No With No With No WitH
Fertil,|Fertil. | Fertil.| Fertil. | Fertil.| Fert
' [orass yield (MT/ha) | 6.0 | 9.0 7.0 | 10.5 8.0 |12.9
Proportion used for 50 50 50 50 50 50
feeding (%)
TDN content (%) 50 50 50 50 50 50
Net yield in TDN 1.5 2.25 1.75 | 2.63 2.0 3.0
(MT/ha) ,
., Sources Institute of Agricultural Economics, ORD:

Use for Livestock Production in Korea, Seoul, 1968
Pp. 425 = 435

Feed Supply and



Table 4.3 Variable Costs for Pasture Improvement

Quantity Price Variable costs
kg/ha Won/ke Won/ha
Seed N ' 1500,
Lime 3000 7 2100,
Fertilizer N 9. 15,1 136,
K50 10, 10.0 100,
Total Costs a 4.164.

Table 4.4 Projected Pasture Land Capacity b Regions
z1000 ha5

egion
1 2 3
Land Category ——
Uncultivated Land (1970)
9 = 20° slope bliy STL 42,621 | 32,245
20 - 24, slope 7,031 34,252 23,336
Total 51,602 76,873 55,581

SoﬁrCe: VINCENT, W.H. and Kim B, D: Upland Development
in Korea. KASS-Working Paper, East Lansing (Seoul 1972)



5. JIntercropping

Table 5.1 Composition of Crops Intercropped on Newly Planted
Orchards or Mulberry Fields ZAssumEtinnE 17

Summer Crops Winter Crops

Total 1.0 1.0
2/

Grain 0.7 0.7

Forége 0.3 0.3

1/ The assumptions for yields, variable
costs, labor requirements, etc. are based
on the regional double cropping ratio.

2/ Wintergrain is barley.

Table 5.2 Proportion of Arca Used for Intercroppinz on Newly
Planted Orchards or Mulberry Fields (Assumption)

Years after planting

1 2 3 l 5

roportion 9 .8 o5 2 1
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6. Flexibility and Adoption Constraints

‘ Y/
Table 6 Flexibility Oefficients
’ Upper Lower

Rice 0.0350 0.0380
Vheat
Barley 0.062 0.039
Summer Grains 0.0590 0.0930
Industrial Crops 0.1880 0.1470

" |Vegetables | 0.1590 0.1040
Potatoes 0.2130 0.0490
Tobacco 0.1340 0.0690
Forage
Dairy 0883 | -
Beef 0.0310 0.0346
Hogs 0.0770 0.1470
Hens - -
Chickens 0.3060 0.1320
Mulberry 0.1940 0.1430
Qrchard O.1L60 -

_/ Calculated from maximal year to year changes in
acreages and livestock herd 51zes between
1965 and 1970 ‘



