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ABSTRACT: Results from the first attempt at implementing the SPUR2 (Simulation of Production and 
Utilization of Rangelands) simulation model under the specific conditions of a deep soil on basalt rock 
in Uruguay are presented. The study area was selected because it represents a large portion of 
Uruguayan land (21 %) almost exclusively oriented to cattle production; due to the variety of soil types 
in this region it was possible to analyze contrasting situations regarding vulnerability to the occurrence 
of extreme climatic events-such as droughts-and to potential climate changes. The information 
used, which included soil texture, organic matter content and hydrologic characteristics, corresponded 
to a representative soil of the Itapebi Tres Arboles unit. The weather data used were daily records for 
precipitation, as well as air temperature, solar radiation and wind run data simulated with a climate 
generator program. The model was run for the 1961-1990 period under normal (present day) carbon 
dioxide concentration conditions. The analysis focussed particularly on the SPUR2 outputs of the 
hydrology and plant submodels. Biomass production simulations showed a good representation of real- 
ity with regard to annual production. However, they differed from the actual data available for this area 
with regard to the seasonal d~stribution of forage. The results of the hydrology subrnodel significantly 
departed from the expected values. Potential evapotranspiration reached monthly values 148 % above 
normal (observed), which could be partly explained by the fact that the global solar radiation estimates 
were higher than the real values. 
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1. INTRODUCTION 

Uruguay is located in South America, between 30" and 
35" S. It covers an area of approxin~ately 176000 km2. 

The mean annual temperature is 17.8"C. During the 
cold season (winter) frost is common. However, low 
temperatures are not an impediment to the growth of 
pastures. The mean minimum temperature in the cold- 
est month (July) is 7°C. The frost-free period is approx- 
imately 300 d long. The mean maximum temperature 
in the warmest month (January) is 31°C. Mean annual 
precipitation is estimated at 1274 mm. Even though 
precipitation is well distributed over the year, it is char- 
acterized by considerable interannual variation. The 
annual distribution of the potential evapotranspiration 
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shows a considerable seasonality, with a maximum of 
214 mm in January and a minimum of 33 mm in June 
(Boshell & Chiara 1982). 

The agricultural sector in Uruguay, particularly the 
extensive beef livestock production on grasslands, is 
one of the traditional pillars of the country's economy. 

The basalt region is an important area for cattle pro- 
duction supported on natural pastures. Different soils 
in this region have contrasting characteristics with 
regard to water-holding capacity and type of pasture. 
This allows for the analysis of clearly different situa- 
tions with respect to vulnerability to the occurrence of 
extreme events within a climatically homogeneous 
area. 

A simulation model designed for grassland/livestock 
ecosystems, adequately calibrated and validated for 
the country's conditions, represents a valuable tool 
which can be applied, for instance, in farm manage- 
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ment, research or policy development. It is particularly 
useful for analyzing and understanding the occurrence 
of extreme climatic events, such as droughts, and for 
evaluating the potential effects of climate change on 
the productive sector. 

SPUR2 (Simulation of Production and Utilization of 
Rangelands) (U.S. Country Studies Program 1994) is an 
improved version of the SPUR model (Wight & Skiles 
1987). The model is made up of submodels which sim- 
ulate different processes with regard to plants, the soil, 
the different classes of animals which compete for for- 
age and the effects of grazing. It is driven by daily 
weather data and can simulate up to 15 plant species in 
up to 36 sites at the same time. 

The goal of this study was to evaluate the behaviour 
of the SPUR2 model under the conditions of the 
Uruguayan deep basalt region. The study was carried 
out within the framework of the vulnerability and 
adaptation assessment of the Uruguay Climate 
Change Country Study coordinated by the 'Comision 
Nacional sobre el Cambio Global'. 

2. METHODS 

2.1. Study area. The area selected for this study was 
the basalt region, which is located in the north of 
Uruguay, more precisely to the north of the Rio Negro, 
and is best represented in the Department of Salto. 
This area is characterized by the predominance of 
cattle production on natural grasslands. 

2.2. Information used. Weather data: The daily 
weather data used were derived using CLIMGEN 
(Wight & Skiles 1987). This program generates 
weather data using monthly temperature and daily 
precipitation data. 

A data file for the period 1961 to 1990 was created 
and contained daily maximum and minimum air tem- 
peratures, precipitation, global solar radiation, and 
wind run values from the Salto weather station (M. 
Bidegain pers. comm.). 

Given that SPUR2 was not designed to be used in the 
Southern Hemisphere, it was necessary to modify the 
correspondence between the dates and the data. For 
this purpose, January 1 was replaced by July 1 (begin- 
ning of the agricultural year in Uruguay) and so on. 

Soils: The soil used in this study corresponds to Unit 
4 (Itapebi Tres Arboles) of the 'Carta de Recono- 
cimiento de Suelos del Uruguay' (scale 1 : 1 000 OOO), 
developed on basalt rock (J. Molfino pers, comm.). 

A clayey 'Vertisol Haplico' sod-UYM13-01 profile 
(Typic Pe1udert)-was selected as representatlve of 
the deep soils of the region. This is mainly a grazing 
soil, with high natural fertility and which is moderately 
well drained. 

Vegetation: Individual plant species as well as func- 
tional groups can be included in the simulation pro- 
cess. A functional group is a group of plant species that 
respond in a physiologically uniform manner to biotic 
and abiotic factors in the environment (U.S. Country 
Studies Program 1994). In SPUR2, groupings are made 
on the basis of photosynthetic pathway and physical 
structure (plant architecture). 

A survey was carried out to obtain the input data 
required to run and validate the model. Data were col- 
lected from different sources, namely the Instituto 
Nacional de Investigacibn Agropecuaria (INIA), the 
Facultad de Agronom'a of the Universidad de la 
Repdblica, and the Ministerio de Ganaderia, Agricul- 
tura y Pesca (MGAP). 

The following functional groups were considered, 
based on the information compiled: warm-season 
grasses, cool-season grasses, warm-season forbs and 
cool-season forbs. The following phenological data 
were also included: dates for beginning and ending of 
senescence, and dates for beginning of seed produc- 
tion (Rosengurtt 1979). 

2.3. Calibration. Appropriate parameter sets for 
each submodel were developed for the calibration 
process. In this case, calibration and parameterization 
are considered as equivalent. Porosity, volumetric 
water content at -l/3 bar and -15 bar, and saturated-soil 
hydraulic conductivity were estimated from soil char- 
acteristics (Table 1) according to the procedure 
described by the U.S. Country Studies Program (1994). 

The plant submodel included 43 parameters. 
National values for these parameters are scarcely 
available. However, some information was found re- 
garding plant phenology (Table 2).  

Table 1. UYM13-01 soil profile. OM: organic matter 

Horizon Depth Sand Silt Clay 
(cm) (%l  ("/.l (%l 

Au l 20 7 37 56 
Au2 15 7 25 68 
Au3 34 9 2 2 69 
C 11 11 24 65 
2Ck 5 54 18 28 

Table 2. Phenological parameters of the plant submodel 

Dates (days from Jan 1) 
Warm season Cool season 

Beginning of seed production 304 261 
Beginning of senescence 319 265 
Ending of senescence 146 295 
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Table 7. SPUR2 PET monthly and seasonal averages (mm) for 
the Department of Salto 

Fall Winter Spring Summer 

Mar 166 Jun 82 Sep 138 Dec 225 
Apr 129 Jul 85 Oct l72 Jan 235 
May 95 Aug 95 Nov 217 Feb 212 

I Total 390 262 

3.2. Available soil water 

The frequencies of the available soil water for each 
class are shown in Fig. 1 .  The highest frequency of the 
AW = 0 class (47 %) occurs in December. The frequen- 
cies of this class progressively decrease in the subse- 
quent months, reaching a zero value in June and July. 

On the other hand, the AW > 120 mm class, which cor- 
responds to AW close to the water holding capacity 
(AW higher than 80%), reaches a 3 %  frequency in 
June and August, while in the remaining months the 
frequency is zero. 

3.3. Forage production 

The evolution by 15-day periods of the biomass of 
the different functional plant groups from 1961 to 1990 
is shown in Fig. 2. A clear predominance of warm- 
season species over cool-season species is observed. 

The total annual production of dry matter for the dif- 
ferent periods is presented in Table 8. The seasonal 
dry matter production, according to model outputs 
(Fig. 3), reaches a maximum in the spring and a mini- 
mum in the fall. 

JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
Fig. 1 SPUR2 outputs of available soil 

water frequencies, Salto 

Fig. 2.  Biomass evolution (SPURZ), deep 
basalt region, 1961 to 1990. WSG: warm- 
season grasses; CSG: cool-season grasses; 

CSF: cool-season forbs 
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1984-1987 4748 (Berretta 1994) 4310 were simulated by the model with a 
Agric. year 1984-85 4417 (Meirelles & Riani 1988) 4620 1 

4040 
lower frequency than their actual 

Agric. year 1986-87 3978 (Zunino & Baptista 1988) 
occurrence. Values of AW > 120 mm 

Table 8. Mean annual and total annual production of dry matter (kg ha-') 30 years studied (47 %), which is not 
consistent with reality. On the other 

I 

were simulated during June and 
August only in 1 out of 30 years, which 

would imply that water excess is unusual during these 
months. This is inconsistent with the fact that water 
excess is actually so common in the winter that it 
becomes an important limiting factor for soil tillage 
(Gonnet 1981). Generally, the available soil water esti- 
mates depart from the real values, showing a higher 
occurrence of dry months and a lower occurrence of 
wet months. This is related to the fact that PET affects 
the available soil water. 

Period Observed prod. Simulated prod. 

4. DISCUSSION 

hand, high values of available soil 
water (AW > 120 mm) during winter 

As shown in Table 8, SPUR2 estimates of total annual 
dry matter production are consistent with the observed 
values, both regarding 4-year averages and specific 
annual values. However, the model did not correctly 
reproduce the seasonal distribution curve (Fig. 3). 
Although the spring maximum production peak was 
simulated, the seasonal minimum occurring during the 
winter was not appropriately estimated. 

The model overestimates summer and winter pro- 
duction and underestimates fall and spring production. 
According to model outputs, the seasonal minimum oc- 
curs in fall, with a gradual increase in production to- 
wards winter. This is the result of a sharp production 
increment systematically simulated after mid-June, 
which results in a higher winter production (Fig. 4). 
The increment actually observed is less abrupt and 
occurs at the end of August or the beginning of Sep- 
tember. The same results were obtained even when 
the phenological dates were changed within the range 
mentioned by Rosengurtt (1979). 

With regard to interannual variation of seasonal 
production, Berretta (1994) indicates that the highest 
values of the coefficient of variation correspond to win- 
ter and summer (35 and 38% respectively) while the 
lowest values correspond to fall (5 %). SPUR2 outputs 
for the same period were analyzed, resulting in the 
highest coefficient of variation for winter (28%) and 
the lowest for spring (12%), with intermediate values 
for fall and summer (20 and 21 % respectively). 

The mean monthly PET simulated with the hydrol- 
ogy submodel for the 1961 to 1990 period was com- 
pared with the normal values (Boshell & Chiara 1982). 
As shown in Fig. 5 ,  although the pattern of annual dis- 
tribution is similar, a dfference of 21 to 56 mm is found 
throughout the year. For this reason the PET simulated 
by the model is considerably higher than the real val- 
ues. This difference is more significant for the winter 
months: in June and July the simulated PET is almost 
2l/2 times the real climate values. 

Available soil water results also behaved differently 
than expected. As shown in Fig. 1, months with avail- 
able soil water lower than 50% (AW < 60 mm) were 
clearly predominant. In December, the available soil 
water at  the end of the month was zero in 14 out the 

m "  FA I winter sping summer 

1 - Berretta, E. J. 3994 ...+... SPUR2 model I 
Fig. 3. Seasonal d~stribution of forage production, deep 

basalt region, 1984 to 1987 

o l . , ,  , , , . . . . . . . . , . . . . . , . , , I  
JAN FEE MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Fig. 4. Annual evolution of forage production (SPUR2), deep 
basalt region. 1984 to 1987 
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Fig 6 Global solar radlat~on (SPUR21, Salto, 1961 to 1970 

Fig. 7. Global solar radiation (SPUR2). Salto, 1971 to 1980 

Fig. 5. Analysis of mean monthly PET, Salto 

The possible causes for the simulated PET values 
being higher than real PET were assessed. It was 
observed that the CLIMGEN-generated global solar 
radiation values were higher than the real data avail- 
able for the period 1979 to 1982 (Figs. 6 to 8) .  The aver- 
age total annual values of global solar radiation for the 
periods assessed using the climate generator (1961- 
1978 and 1983-1991) resulted in 163.2 kly, which is 
20% higher than the average of observed values for 
the period 1979 to 1982 (135.43 kly). 

5. CONCLUSIONS 

SPUR2 provides estimates of dry matter total annual 
production for soils on deep basalt which are consis- 
tent with the observed values. 

The model displayed stability in the proportion of 
species throughout the years, with an acceptable esti- 
mate of warm-season and cool-season species. 

Although the model is sensitive to seasonal changes, 
it did not appropriately simulate the seasonal distribu- 
tion of forage for soils on deep basalt. 

The intra-annual evolution of the evapotranspiration 
and the available soil water values was fairly close to 
the real curve. However, considerable differences in 
magnitude were found between the model outputs and 
the expected values. 

The uncertainties in the global solar radiation data 
estimated by means of the CLIMGEN generator are 
clear evidence of the need to have daily weather 
records available for the analyses. 

Although a good representation of reality can be 
obtained with SPUR2 with respect to forage produc- 
tion, a better performance of the hydrology submodel 
and a better simulation of the seasonal forage distribu- 
tion need to be achieved before application of the 
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1982 1984 1986 1988 1990 

Fig. 8. Global solar radiation (SPUR2). Salto, 1981 to 1990 

model to other soils or regions of the country is 
attempted. In spite of the problems encountered, fairly 
good results can be expected from the application of 
this model under Uruguayan conditions. 
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