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ABSTRACT - A hydrologic-based forage production simulation model (PHYGROW) and a popula-
tion mixture simulation model (POPMIX) were uscd respectively to simulate forage production and
carrying capacity of a subtropical shrubland complex of over 34 species grazed by various ratios of
cattle and goats with a population of indigenous animals (white-tailed deer) over a 20 year simulated
weather profile. The Farm Level Income and Policy Simulation Model (FLIPSIM) were used to evaluate
and quantify the impacts of alternative management strategies and climate change on grazingland
ecosystems. The study was carried out to analyze the feasibility and profitability of a representative
cattle goat farm in the South Texas. On average, net cash farm income under 50:50 cattle:goat ratio
and climatic conditions falls by as much as 2% relative to 70:30 for the farm studied. Real net worth
for the farm declines as much as 9.4% and 16% over the study period under the highest to lowest
cattle:goat ratio and, dry to normal climatic conditions, respectively. The modeled results produced
useful information showing the sociocconomic consequences for a typical South Texas farm im-
pacted for alternative management strategies and climatic conditions.

Index terms: simulation, economic impacts, grazingland ecosystem.

IMPACTO DE MUDANGCAS DE ESTRATEGIAS DE MANEJO
E DO CLIMA EM PASTAGEM NATIVA

RESUMO - Modelos de simulagio de forragem (PHYGROW) e de simulagio de populagdes mistas
de animais (POPMIX) foram usados respectivamente para simular produg3o de forragem e estimar a
capacidade de suporte numa complexa drea de pastagem nativa com mais de 34 espécies de plantas
arboreo-arbustivas na qual pastejavam bovinos ¢ caprinos com uma populag3o de animais nativos
(veado) num perfodo de 20 anos. Utilizou-se um programa de simulagio em uma propriedade
(FLIPSIM), para avaliar ¢ quantificar os impactos de estratégias de mancjo alternativas e de mudangas
climiticas no ecossisterna pastagem nativa. O principal objetivo do estudo foi o de unir os modelos ja
desenvolvidos. Com este procedimento integrado, o estudo procurou analisar a viabilidade e
lucratividade de uma fazenda representativa da produgo de bovinos € caprinos no Sul do Texas. Em
média, a renda liquida da fazenda, com a relaglo bovino:caprino 50:50 e condicdes climéticas, cai
cerca de 2% em comparago com a relagio 70:30 na fazenda estudada. O acervo de bens em termos
reais referentes 4 fazenda declina cerca de 9,4% e 16% no periodo de estudo, quando passou da mais
alta para a mais baixa relaglio bovino:caprino, bem como quando passou da condiglo climética seca
para a normal. Os resultados do modelo produziram informagdes titeis que mostram as conseqiéncias
socioecondmicas numa propriedade tipica do Sul do Texas, afetada por estratégias de manejo alterna-
tivas ¢ por condigdes climiticas.

Termos para indexagdo: simulag3o, impactos econdmicos, ecossistema pastagem nativa. _
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INTRODUCTION

The ordinary problems of managing rangelands
challenge the capacity of contemporary decision
makers, institutions and scientists to integrate eco-
logical, economic and social information.

- Ecological modeling of climate change effects
on rangelands fails to account for direct human ef-
fects resulting from various factors such as popula-
tion growth, economical activities, technology and
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policy. On the other hand, socioeconomic modeling
tends to focus on the quantifiable factors (e.g., popu-
lation market, demand, etc.) while neglecting the
ecological and climatic change (Frederick, 1994).
The first step toward better integrated assessment
of the effects of climate change on rangelands should

be linked with existing models. Thus, new model- .

ing approaches are needed to better deal with the

biophysical uncertainty and complexity of the im-
pacts of technological and climate change on range-

lands (Conner, 1994).
A substantial portion of livestock productlon in

the world takes place on grazinglands with arid or

semi-arid climates (Holecheck et al., 1989). Conse-
quently, these areas are sensitive to changes in the
environmental conditions with which they are asso-
ciated, and also to climatic variations and changes
in land use, '
There are several reasons for suspecting that

rangelands would be very sensitive to the interac- -

tive effects of climate change, First, the quantity and
seasonal distribution of precipitation is very impor-
tant in determining the management productivity and

distribution of rangelands. Second, reduction in pre-

cipitation associated with increase in temperature
may cause accelerated human-caused degradation
of ecosystems. This range deterioration, a reduction
of the range forage production potential, is a conse-
quence of complex processes that negatively alter

plant cover, composition, and/or soil characteristics -

of rangelands. Third, the deterioration of rangelands
have occurred in a relatively recent period of time
that coincides with their increased utilization for the
production of domestic animals (Parton et al., 1994).
Despite the potential importance of socioeconomic
impacts of climate change on rangelands, current
assessments of these impacts on rangelands arg lim-
ited by the lack of adequate integrated models.
Currently, agricultural models are used to set ini-
tial conditions for the economic models, or specific
management practices are set as a background for
the agricultural models. The application of dynamic
vegetation growth models has not been considered

in these models (Souza Neto, 1996). Thus, it can be’

hypothesized that advances in integrating ecologi-
cal and socioeconomic models can be instrumental
in developing the capability to assess the 1mpact of
climate change on rangelands.
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i This study addresses this hypothesis and presents

‘an integrated approach for linking ecological and

socioeconomic models in an innovative way that can
help policy analysts and policy makers sort through
the numerous impacts assessments, and theory ex-
tend their information base. The idea was to inte-
grate the use of the Farm Level Income and Policy
Simulation Mode! - FLIPSIM (Richardson & Nixon,
1986) with a Phytomass Growth Simulation Model
- PHYGROW (Texas A&M University, 1995) and
an animal production and forage use simulator (Popu-
lation Mixture Simulation Model - POPMIX), acom- -
ponent decision tool in the Grazingland Applications
-GLA (Stuth et al., 1990). This is the basis for this
study,

The central purpose of an integrated assessment
model is to organize complex technical information
across disciplines. This study aimed at analysing the
feasibility and profitability of a representative farm

.-facing natural events and influences under different

climate and enterprise mix scenarios.

MATERIAL AND METHODS

Data were assembled for a typical South Texas farm
comprised of 30% clay loam and 70% sandy loam range
sites. Thirty eight critical plant species or functional groups
were identified in the area of study. Experts provided
growth, preference and hydrological attributes of each
species/functional group. Vegetation survey of the La
Copita Research Area - Texas was used to determine de
Witt relative yield values for each specie/functional group
for mode! plant communities in the region. Relative yield

- value are the proportion (%) of full potential occupancy

of a single species or functional group on a plant commu-

_ nity. Soil layer characteristics of mode! soil typical of each

range site were assigned based on predominate acreage
available in soil survey of the region. In order to generate
a long-term historical data set to develop weather param-
eters, the USCLIMATE (Hanson et al.,, 1994) was geo- !
graphically adjusted for elevation, annual precipitation and
latitude/longitude at the La Copita Rescarch Area, The
soil layer characteristics, surface features,’
species/functional group, plant communities, relative yield
{Tables 1 and 2), and weather generator parameters were
entered into PHYGROW to generate forage production.
The inventory of available forage (simulated) using two
different types of soil, clay loam and sandy loam, was "~
combined to create data to be used in the POPMIX. Then



1535

MANAGEMENT STRATEGIES AND CLIMATE IMPACT

511 (00} 2ryesadng) yuwoud sseq s Juejd sy 51 U1 2(r/3) Joioe) uoisIsauod A31sua uonerpes tsypew Kip sy $1 g tdosd Swpuers yead e Xopu) vase Jeag aup 51 TV SXpUI PO SANRAI YN SEAY

"SSRWOIG Wals [210) Jo Juanad e se edeiuaniad saaowm ar s1 Y™ {wiz)s umop Susuun Jea) WoK mopy Jeunue|
Jo uorpodoud 51 ..!_.._”m 30 uny/paddup sey Isiem [[B 1918 WR)S UG PRI0IS JATEM JO Junowe 3y st "] ‘dous Swpueis winueus 10§ xapur esle ways s st ys (eydy) dos Suipuers yead sy st ™08
‘(s23pow 30 urr} doso Buipuess Nead 1e 112y a3esane s Jueld st 517" 1 Y *doss Fuipues yead 1e yidop unoos wnwixew s jueld 515}y H(saaes| doap o) speis 21 Lunjew [eadoroisdyd e xaput pun
1e3y sy st P taugaep o) surBaq iyl S1oym dwod ag) e xspur hun jesy 3y st TAH (o4) doss Sutpuers Jo waoiad e se a3eiuaniad saaowint ays 51 U™ (00} ainjessdiiz) yimoad uoissaiddns s uepd syy

or oz ar 4 or 60 oor ot ozl - - 05 00 0 el $T 10 oudfiriny
or 0T < £ 0 60 oose ool oxr - - o5 9% 8 60 §T 10 uodney, uasag
o o *l’ ] o e 005§ ooz ogl - - 0 0 o 60 SR 1 gSTugaILM
or 0T s $l o 000§ om o1 - - 0 95 8 1 9 g uowmIsIag SEX3L
or’ or " ri or 6 0008 ozt ool - - 05 9 3 z st 0t Ruqn|o] SWX3L
or o ot 91 o or 000 osl ool - - 0 o5 9 1 e 10 agesanig] Aqqnms
o1’ o o1 91 oc oI 005¥ wz el - - 0 9% s 71 e 9 yseApyaug 3]
o1 oz rl ¥l o' s’ 000¥ o ool - - o5 09 o ol e €0 7 ysngao)
or o #1° i o & ocor I B - o 09 o 60 §7 o swod
oI’ 0 s £ oF e 200§ o8l o1 - - o5 % &0 st T8 fisesg
squys
s 0 s sl o of o 0 ot - - o6 09 0TI 6f & pasmFey sjed
s0° o or o1 s ey oass 05 8 I S " S T A 1 60 e oy Txoje[Rg SHXaL
5o or o1 91 T of 00y 05 06 - - (TR 1 e s upneig sdmy
so T s1° 91 T o o0os oL oor = - o8 09 ol Tl re  Iw ennuxaz uw,__um
S0 o5 oz 0z o 06 000y 05 s - - s¢ o ¢ £ €T ssesBysum 194
suogpul
s o5 4 v 06 005§ I 7 - - o1 09 o 91 6t samolj-inoy
50 o5 ot 91 o 0§ oost e o5 - - s o o 1l A 3 sseaBigalm wowwoD)
S0’ o5 oI 91 o o6 oost o 0 - - A 1 §E W surmg) sexaL
50’ o5 4 vz 06 ook 05w - - oz 95 8 1 ve Lo suapur) wiig
(1) 0§ w 4 or' 06" oosy 05 09 - - 0601 0% Of vl S ) sseidsndded yuid
s o5 w T w06 oosr of 09 - - ot 09 ol N s ¥0 ssmifano] pay
o o5 w T oo 06 oose o 09 - - TR I 4 " e vl L L L
0 05 T 9T o 06 0009 s o - - s % 8 ¥l ¥e L0 umsted sije
$0 05" s1° 91 oo 000§ o o5 - - 01 09 o 9l 68 LD ssusfppudis pafunrg
ssudjuupuig
o o5 o 0T o 06 000§ 05 09 - - s 95 8 ¥ LTI T papooy
a5

() (CA] () {wr) (%) =y (ua)  (w3) (AR M B o W =)
umg g g sy wg OB, e L, Yy Pan Snm ™10 L W @@ ™ivi e aureu wowui)

(a8 23uwa weoy Axpd ay) up vopInpoad adesoy Suyenwis a0y pasn sijawesed jueld pue jlog T FTAV.L

Pesq. agropec. bras., Brasilia, v.33, n.9, p.1533-1541, set. 1998



J. DE SOUZA NETO et al.

1536

, . o e “SSEWOI W3S 210} JO Juaaad e B 28e)usdi0d Janowmy y) 1“5 (WIS umop Fujuuma Jed] WOl MOf Jeulue]
Jo vonzodesd 51 g 410 unipaddup Seq 197em |[B SR WIS UO PAIOIS J2J8M JO JUNOUTE I §f 0By tdoss FUIPUR]S WNIXEW 10 XapU) £34€ WIS 3U) 51 U vs (eydy dow Smpuers yead oy 517708
Yssm1aw 30 mo) dow Burpuers yead e 1yBrey sfesaae s queyd 3y 51 xny 11 tdass Surpuers yead 18 yidap Funcos whmxew s gerd s 01 of {(s3a€3] doIp 03 spre)s o) Liumew [eaifotorsAyd je xapul yun
Teay o1 51PN furjoep of swiaq ] asayam sutod 23 yw xapus yun jeay ) 51 1 4{2) doud Suipuess Jo uaniad e se oFeiusasad 13a0win) 24 51 WM 1(9,) meiaduis) moid vorssaaddns s ueid ap
517 4(3) ameiaduo) paosd sseq s ueid g 51 95 (rpa/3) Jo1oey uorsIAAu0S A313ua uoIEIpRI LoKEW AIp 341 5t A dosd Suipuels yead Je Xapuy s Jea] oyl s [y XIpU1 PRIA 3ARE|3I 31 SEIAY

w05 % 90 or 0% 00sz - o8 0El - - o o o fo 9l 1 Eedippug e
: ) : . : £)uIMIdINg
o oT £ €1 ot o 000y 00l  OfI - - o5 0 9 60 §7 1o aedy
o o £l £1 of 60 o0sy 00l Ofl - - o 09 o ! 'z £0 poomAaupty] sex3y
o ot s1° $1 o5 4 000§ 03t ofl - - o5 9% 8 £l 9 10 UOUIUIISIN] SEXIL
o oT TR 3 o 60 000s 0TI 001 - - o5 9% 8 1 St $0 eULqRjOD) SEXIL
or = or TR g1 o or o0s . 051 oot - - o5 05 9 It e 10 sfesanyg Kqqniys
or oT. oI’ 91 o¢" or oSk 00 0fl - - o % 8 71 %3 7o - ysedppugdoun
o oT % ri o' S0 oooF 00T OEl - - o8 09 o1 01 4 £0 suoesmy
o o " 1 of 60° 000§ 005 o8l - - - o5 09 0l 60 ¥z T0. . aunbsajy Kauoy
o oT 18 1 of 60° 0005 o031 O - - 5 %5 1 60 A . e
sqnyg
50 0 st Sl ot oF 0005 0 oot - - o 0 o T1L 6% . T¥ peamdey 3s[eq
00 or or o1 0T 03’ 00SE or o - - o 9% 8 g0 Ot Ty snpnafoag A4S
s of or ot st oy ose 05 s8 s; o 05 ¥ T 60 TE T¥ epofeied sexal
50 o oI 91 T 0§ 000§ o ou - - o e ol 18| ve o T P, wooig
50° §T oI o'l 5T oF 0005 oL 0ol - - % 0 ol i ve  LIv ejeurcaz S8uei))
: nﬂhﬁh—
so° 08 91 9l ot 05 00s€ 0¢ 05 - - s 09 ot 1 £ s0 angssen)
50 0s' o 51 '3 06 oosP o¥ 09 - - st 9% 8 71 $E 60 BoRI) SEXSL
s 05 o 9z 3 06 0oor 0s oL - = gz ‘95 8 Tl e §1 wnyedsed Uiy
s of 9T o1 oF 06 0008 ot 09 - - 11 0 o £l ve  §1 ewwsry ey
s o5 w T o' o6 00s¥ ot 09 - - 11t o9 ol 1t ¢ 1 sseidonc] poy
0 o8 w 7T of' o6 0S¥ o0 - - s o I rt e 66 UMESII] [EIHUa13
s 05 5T 9z o o6 000§ 0s oL - - s& 9% 3 ¥ o€ 5E umonreg sjeH
$0° I T § 91 o - 06 00os oF 0s - - oL 09 ol 9] 6€ §E sserdEudig paduy
s 05 0T 0T o 06 000§ 0s 09 - - s 8 ¥l of gyl ssedjnupuig papeoH
- : SISEEIT)

(%) (%) (unm) .. (ww) ) @) (wo)  (u) L ) Qd (O [TA]
WMo we o SISy MOSy Xpo OBE,  Nne W CXMpy o Py Sy WMp oo % 9 gg vt oo sureu uowwIoD

'

s 23ues E-o__h—:.qn 3y} ul uoyganpoud a3eof Fugspnus Joj pasn siaaweaed jusid pus jjog T ITAVL

Pesq. agropec. bras,, Brasilia, v.33, n.9, p.1533-1541, set. 1998



MANAGEMENT STRATEGIES AND CLIMATE IMPACT

a transect production was estimated, and the forage (dry
weight) for each specie was attached to POPMIX. The
results of stocking rates provided by the POPMIX model
were used to generate basic input scenarios to be used in
the FLIPSIM. Two cattle:goat ratios, 70:30 and 50:50 were
selected to represent alternative management strategies
available to a farm operator.

Twenty years of simulated forage production and
associated stocking rates from POPMIX (Table 3) were
divided into two ten-year periods; one representing nor-

"mal conditions scenario with 30% drought years and the
other representing dryer climatic scenario with about 50%
drought years. Normal years are considered to be those
that have less than 20% deviation of the long term average
stocking rate, output from POPMIX, of a 20-year
simulation. The stocking rates for the four ten-year period
scenarios were used with aset of decision rules prescribed
by range animal scientists and ranch managers familiar
with cattle and meat goat enterprises in the South Texas
area to estimate animal production levels and deviations
from normal (average) annual operating cost for the two
enterprises. The input of PHYGROW and POPMIX will
create the basic scenarios for the representative farm, for
which economic performance will be simulated by
FLIPSIM. The annual animal production levels and
operating cost deviations were used as input data in the
FLIPSIM. This whole-farm model is needed because it
allows the incorporation of risk and uncertainty, financial
and accounting componernts, and institutional farm poli-
cies into the calculations of economic performance of the
farm.

The models work independently, and are controlled
by the analist. The interrelations between the models and
the steps to perform this study are included in Table 4.

Descriptive data for the representative farm used in
this study are summarized in Table 5. Information to
describe the representative farm for the FLIPSTM model
was obtained from budgets developed by extension farm
ranch management specialist in the region of interest.

In this study, the representative farm represents average
management using sound, accepted production and
management practices. The South Texas cattle and goat
farm has 493 goats and 466 cows (Table 5). The farm
grazes 630 animal units on 5,000 ha of rangeland owned.
The combined stocking rate is 7.9 ha per AU. The initial
value for the livestock on the farm was estimated at
$213,240.00. Mare complete details about the

representative farm used in this study can be found in.

Souza Neto (1996).

1537

RESULTS AND DISCUSSION

Two cattle:goat ratios were selected based on
trends in the region for expanding meat goat popu-
lations; 70:30 and 50:50, Although daily informa-
tion of forage growth, species selection, and soil
moisture were available, only annual production and
consumption data were used in this analysis.

The 70:30 and 50:50 ratios yielded stocking rates
of 1.48 and 1.34 AUM/ha, respectively. The stan-
dard deviation of stocking rate was 0.72 and
0.65 AUM/ha, respectively for cattle. Goat stock-
ing rates and standard deviations for the 70:30 and
50:50 ratios were 0.119 (SD=0.06) and 0.15
(SD=0.07), respectively.

After running the 20-year analysis of the 70%
and 30% goat demand ratio, there were 9 “normal”
stocking years for goats and 7 for cattle (Fig. 1).
Normal years are those with less than 20% devia-
tion of the long-term average stocking rate of a
20-year simulation, Below normal stocking years
{(-20 to -50%) for cattle and goats comprised 25% of
the years. Cattle would experience a higher percent
of extremely low stocking years than goats
(15% vs. 10%). Ten percent of the years experi-
enced stocking rates preater than 50% above not-
mal stocking levels. Analysis of 50:50 ratio resulted
in similar trends. :

A summary of selected indicators of the eco-
nomic and financial condition of the representative
farm that would be expected after ten years under
cach of the four prescribed scenario can be found in
Table 6. Under normal weather scenario, the 70:30
cattle:goat ratio produces less decline in real net
worth, higher average annual cash receipts and net
income, but lower average annual returns to assets
and equity and higher net income risk index than
does the 50:50 ratio.

'Under the dryer weather scenario, declines in real
net worth are greater, cash receipts, net incomes
and returns to assets and equity are lower regardless
of cattle:goat ratio than under normal weather sce-
nario. As in the normal weather scenario, however,
the 70:30 cattle goat ratio produces higher receipts
and net income risk index than the 50:50 ratio.
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TABLE 4. Steps in analysis of socioeconomic impacts of change on rangelands using current models’,

Step number
1

Discrimination

Select representative farms for modeling.

Farms should be representative of resources, size and tenure of production units and production

practices in a specified portion of the study area.

2 Run PHYGROW for each representative farm for each year in the 20-year period.
Input data _ Output
a. climate . a. forage production by type (grass, forb,
b. soils browse) by season, by year .
c. hydrology ‘
d. vegetation
3 Run POPMIX and ASP models for each representative farm for each year in the 20-year period.
Input data | Output
a. initial animal inventories and characteistics a. animal
by kind and class and class (including b. fo;'agc production yield and inventory
vegetation preference rating) by kind and class by year.
b. husbandry practices
¢. production goals
d. forage/feed availability by type, by season, by
year
4 Run FLIPSIM model for each representative farm for each year in 20-year period under
different scenarios.
Input data Qutput
a. beginning financial characteristics of farm a. end of planning period financial
b. annuat institutional and macroeconomic characteristics of farm
parameters b. annual cash flow
¢. annual enterprise production requirements ¢. probability of farm survival and/or
{factors) and product and factor prices and/or grth over planning period.
probability distributions
5

Repeat steps 2-4 and compare results under different scenarios to determine the impacts of change
(climate, technological or institutional) on future socioeconomic characteristics of the
representative farm and make inferences about region of interest,

1 Source: Adapted from Conner (1994).

Pesq. agropec. bras., Brasilia, v.33, n.9, p.1533-1541, set. 1998
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TABLE 5. Characteristics of a representative farm in

the South Texas!,
Characteristics South Texas cattle
goat farm
Total animal units (AUs) 630
Goats
Nannies (no} 493
Replacement (no) | ' 160
Bucks (no) 30
Cattle )
Cows (no) 466
Replacement (no) ' - 72
Bulls (no} 12
Assets : : Coe
"Land ($1,000) : . 5,559,750
Machinnery ($1,000) 78,336
Livestock ($1,000) ; 213,240
Total ($1,000) 6,117,942
Efficiency measure
Calving (%) 93
Kid crop (%) 150
Steer weaning weight (kg) 250
Goat weaning weight (kg) 16

V Source: Adapted from Souza Neto (1996).

o 5 8 B

2

Stocking deviation {% from normal)

£

«100

T0% cattle
- e e u%g“t’

3§ 7T % oM o131 W7 19
Yaar In planning herizon
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= = = EO% goats

...............

3§ 7T 0y 11 13 18 7T B
Year In planning horizon

FIG. 1. Simulated annual deviation from 20-year av-
erage stocking rate of a mixed livestock popu-
lation (70:30; 50:50) cattle: goat ratio with a
resident herd population of white-tailed deer

.

86 ha/head).

TABLE 6. Implications for alternative stocking rate for a South Texas cattle and goats farm under two climate

scenariosl.
- Indicators Weather
Dry Normal
70:30 50:50 70:30 50:50
Change in Real Net Worth 1996-2005 (%) -2.65 -2.9 -2.12 -2.46
Cash Receipts 1996-2005 ($1,000) 220.57 211.54 22597 21837
Expenses to Receipts 1996-2005 (%) 50.9 49.6 7 B 46.19
Net Cash Farm income 1996-2005 ($1,000) 110.72 108.6 122,19 © 11975
.Risk lndex.for Annual Net Cash Income‘(%) 14;95 5;.96 200 1]
Average Retumn to Assets 1996-2005 (%) 0.48 0.57 0.50 . 0.59
Average Return to Equity 1996-2005 (%) ‘ 0.40 0.53 0.43 0.55

1 Source: Souza Neto (1996).
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MANAGEMENT STRATEGIES AND CLIMATE IMPACT

CONCLUSIONS

1. Higher ratio of goat to cattle stabilize annual
variation in stocking as ecological conditions shift
from a grassland domain to a shrubland domain and
climatic conditions become drier.

2. Goats while generally less profitable than cattle,
require less annual operating cost, less capital in-
vestment and exhibit less variation in annual receipts
and net income.

3. The lower variation in net incomes from goats
compared to cattle is due both to the goats' forage
availability being less impacted by variations in an-
nual precipitation and less year-to-year change in
prices received for meat goats compared to weaned
calves sold from the cow-calf enterprise.
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