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Seasonal variation in long term
estimates of soil water balance
predicted by the SGS Pasture Model
for a native pasture in northern
New South Wales
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* NSW Agricubure, Centre for Crop Improvement,
BB 944, Tomworth MW 2340
H M) Consultants Pry Lid, PO Box 1590, Armidale MW 2350

Estimating components of the long term soil water
balance [SWEB, Rainfall {R}= Evapotanspiration (Ei)+
Surface runoff (Ro) +sub-surface lateral flow (L) +
Drainage (D] is essential to understanding the factors
limiting pasture production in an environment and
highlighting potential problems of soil erosion (from
excessive runoft’) or dryland salinity (by excessive drainage
leading to rising water tables), Hence, within the
Sustainable Grarzing Systems (SGE, Mason and Andrew
19498) Program o substantial effort has gone into
understanding the SWB for different environments and
pasture types, including trees through both pre-
experimental modelling (Simpson er al, 1998) and the
development of the SG5 Paswre Maodel (Lodge er al
20007, Long term modelling (1971-1993, Simpson ef al.
1998) of a native pasture in the Quirindi district of northern
New South Wales indicated that evapotranspiration was
likely to be 93% of average amnual ramfall with runeff
and drainage averaging 25 and 21 mm, respectively per
year. However, there were substantial seasonal and yearly
varations in these predictions and these were further
examined using the SGS Pasture Model,

METHODS

Draily climate dara for Tamworth (rainfall, maximum
and minimum temperature, relative humidity, solar
radiagnion and pan evaporation) were extracied from-ua Silo
data drill for the 31-year period from 1971 10 2001, These
data were applied to the SG8 Pasture Model parameterised
from site data (herbage mass, specics composition, soil
water content, hydraulic conductivity, and animal
liveweight). The site'wiis a red grass { Bathriochlow macra)
dominant native pasture on a red chromosol soil fype set
stocked at 4 sheep per ha from spring 1997 1o spring 2000
on the North-West Slopes of NSW, with no fertiliser inputs,
The model was then run for these stocking rate and fertiliser

inputs for the 31 vears of daily climate data (alter an 3
vear initialisation period) to obtain annual estimates of the
SWEB and predicted values for evapotranspiration (using
the Priestley-Taylor equation). surface roneff, sub-surface
lateral flow and drainnee (below 210 cm) each year, Sub-
surface lateral flow was always <1 mm/dvear and so no data
have been presented for this term,

Loz term monthly rainfall data for Tumworth ( 1884Y-
2000, Clewett ef al, 1999) were vsed to classify years and
seasons (summer and outumn, winter and spring) relative
to the average. Long term annual average raintall was 677
mm and average rainfal] from December to May inclusive
{summer and auumn) was 362 mm, compared with 316
mm from June to November (winter and spring), Based
on rainfall, the calendar vears and season between 1971
and 2001 were then categorised as being either; above
average (i.e actual rainfall higher than 677 mm), below
average (between 677 and 677 x (0% mm), dry (hetween
677 % 0.9 and 677 x 0.75), very dry (between 677 x (173
and 677 x 0.67 mm), or, extremely dry (rainfall kess than
677 x 0,67 mm), Calculated values therefore comespanded
to the 10, 25 and 33 percentile levels.

RESULTS AND DISCUSSION

Average annual rainfall for the 31-year period was 663
mm compared with the long term (113-year) annual average
of 677 mm, The predicted long term SWB {mm) was;

663 (R) = 389 (Et) + 17 (Roy + 1 (L) + 36 (D),

with Et, Ro and D sccounting for 88.8, 2.6 and 8.4 %
of average annuil rainfull. These values are in reasonable
agreement with those of Simpson et all (1998), with the
higher drainage value in the current study being inlluenced
by the above average rainfall years from 1996- 1998, with
these 3 years sccounting for 22% of tota] drainage [rom
19712001,

Annual raintall was above the long term average in 12
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of the 31 years (Table 1), In 6 of these years (1971, 1976,
| 983, 1996, 1997, 1998 the amount of both surface runoff
and deep drainagze was predicted o be above the annual
average for these parameters. For surface runoft, the
predicted snnual average was |7 mm (range 0-66 mm),
while for drainage the annual average was 56 mm (2-272).
The large ranges in these predicted values highlight both
the large between year variability in runoff and drainage
and the need to adequately incorporate the differing
underlving processes into a biophysical model.

Surface runoff was predicted to be abiwve uverage in 9
of the 12 above average rainfall yéurs (Table 1), For 7 of
the 9 years that runoft was predicted to be above average,
rainfall was-also above averasge rom December to May,

compared with above average rainfall in June to November
in 4 of the 9 vears {Table 1). However, in 3 of the years
when runoff was predicted 1o be above average, annual
rainfall was categorised as below average or dry. with
rainfall from December to May being above average in 2
of these years (1974 and 1991, Table 1),

Runoff volume is markedly affected by rainfall intensity
and in particular peak intensity and duration. These events
occor at a time scale of minutes and o are not adequately
represented by daily rainfall data. In the 8GS Pasture
Model, daily rainfall was distributed by a frequency
distribution 1o reflect the likelihood of high intensity rinfall
events. While this provides comparative lang term
predicted values. it should be noted that most of the volume

Table 1. Actual anauval rainfall [mm) ot Tamworth (1971-2001) and the classification of years, December to May {inclusive) and June o
Mavember into above average (Above), below average (Below), Dry, V. dry and E. dry rainfall categories, together with the predicted

annual values (mm) for evapoiranspiration, runoff and drainage.

Annual Compared with long term average ET Runoff Droinoge
Year rainfall {mm] Year Dec-May June-Mov.
1971 830 Aborve Ahove Below 545 32 272
1972 599 Dry Bry Dry 598 | 9
1973 754 Abave Dry Above 701 2 (8]
1974 577 Diry Above V.odry 552 && 44
1975 672 Below Dry Dry 599 15 B
1974 756 Above Above Dry 819 30 145
1977 98 Abave Above £ dry 406 43 30
1978 @04 Above Above Ahove 704 o 133
1979 581 Dy Bilow Cry 853 11 &)
1980 420 E. dry E. dry E dry 399 | 5
1581 544 Bry . Vidry Above 479 o 3
1982 547 Dry Below E dry 400 5% &
1983 874 Above bhove Above Bl 21 70
1784 05 Above Above Above &73 0 1z
1985 613 Below W odry Below &00 | 49
1984 487 Y, dry Brey Below 468 0 14
1987 671 Bialosw Oy Below &55 5 31
1988 749 Above Above Dry H20 1% 38
T Pay 590 Dry Abaove Ciry Sdd 11 Bl
1990 591 Dry Abeve Vodry 520 3 52
1991 658 Balow Above E.dry 520 25 55
1992 538 Bry Below Dry 524 0 33
1993 450 Below Dry Above 806 7 6
1994 422 E. dry Cry E.dry 430 3
1995 483 Above Dry Above 584 44 2
1994 490 Above Above Above 714 A7 i)
1997 746 Above Above V. dry 585 32 147
1778 840 Above Above Ahove &27 28 138
1959 464 Below E. dry Above 433 . 7
2000 507 Dry Diry Abave 556 6
2007 &40 Balow Below Below &21 17 9
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of surface runoff oceurs in a relatively few events,

Drainage was predicted to be above average in 8 of
the 12 above average rainfall vears (Tuble 1) For all of
these years, rainfall was also above average for the period
from December to May, compared with above averuge
rainfall in June 1o November for 5 of the 8 years (Table 1),
However, in 2 of the vears when drainage was predicted
to be above average (1952 and 1989, annual rainfall was
categorised s dry, but rminfall from December 1o May was
above average in 19849 Similar 1o runoff mest of the
draimage also occurred in rélatively few years,

CONCLUSIONS

The highest propartion (around 89% of average annual
rainfall} of water lost from the native pasture mudelled
was predicted to be from evapotranspiration. Since
evapotranspiration is related o green leaf area and the
amount of canopy, litter and ground cover then the
manipulation of these compoenents of the pasture system
b graziers should affect the partitioning of water and its
use for pasture production,

Clearly, from these data, both surface runoff and
drainage of water were episadic events thut tended 1o be
associated with above average rainfall years and
particular above average rainfall in summer and avtumn.
However, their episodic nature makes them difficult
manage for and while gh (=70%) ground cover will
reduce surface run off, high rates of drainage (~ 130 mm/
vear) will eeour in wel years,
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