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Abstract

Solar and net radiation (Rs, Rn) are importantaldeis determining crop growth and water
use, butrre not widely measured and are therefore oftamatdd. Rs can be estimated from
sunshine duration using the Angstrom-Prescott eaguaRn can be estimated from measured
or estimated Rs, using the Wright equation. Theedbje of this study was to evaluate the
accuracy of these methods at Mount Edgecombe amgoRy and assess its impact on
sugarcane reference evapotranspiration (ETo) amdthr(Pnet) estimates. Rs estimates were
generally higher than measured values at both,s#specially on cloudy days. The
percentage bias in Rs estimates causes differeficeagnitude in calculated crop growth. Rn
is overestimated at low Rn values and underestomnatehigh Rn values, more so for
estimates from sunshine duration than for estimfates measured Rs. Empirical parameters
in the estimation equations need calibration féfedent levels of cloud cover, time of year
and site. This should improve estimates of Rs,ERmg and Pnet.
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| ntroduction

Solar radiation (Rs is defined as the sum of incandirect and diffuse shortwave radiation)

and net radiation (Rn is the difference betweemnmag and outgoing short and long wave
radiation at the earth’s surface) are importantabdes determining crop water use and
growth. Accurate data are essential for sugarc#ld forecasts (Bezuidenhout and Singels,
2007) and evapotranspiration estimates (Singelal., 1999). In the South African sugar

industry, Rs was estimated from measured relativesstine duration (n/N) (Prescott, 1940)

until the late 1990s, when pyranometers were inited at some sites to measure Rs.
Discrepancies have since been noted between mdamnleestimated Rs.

Rn is estimated from either measured or estimatedisig the equation of Wright (1982).
Inaccurate estimations of Rs and Rn result in ingte sugarcane evapotranspiration and
crop growth predictions.

The objective of this study was to determine theueacy of Rs and Rn estimates and quantify
its impact on sugarcane evapotranspiration and &ésraccumulation predictions.
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M ethods

Daily records of Rs, n/N, maximum and minimum @mperature, maximum and minimum
relative humidity, and wind speed for Mount Edgeben(29 42'S and 312'E) and Pongola

(27° 24'S and 3135'E) for the period 1997 to 2007 were used tonege Rs, Rn, ETo and

Pnet. Daily Rn was measured at Mount Edgecombe fXmwember 2007 until February
2008.

Rs was estimated using Equation 1 (Prescott, 1940):

Rg = Ra{a+b(%\lﬂ 1)

where
Rs = solar radiation at the surface (MJday)
Ra = extraterrestrial solar radiation (M3 day)
n, N = actual sunshine duration and maximum péssimnshine duration (h/d)

a, b = empirical parameters (Pongola: a=0.257,32;Mount Edgecombe:
a=0.252, b=0.52; following Glover and McCullod958).

Equation 2 was used to estimate Rn from measur@@stimated Rs (Wright, 1982):

4 4
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where

a = surface albedo

Tmaxk » Tmink = Maximum and minimum daily air temperatuti€)(

€& = daily mean actual vapour pressure (kPa)

Rs = clear sky short wave radiation (0.75 Ra)

o = Stephan-Boltzmann constant (M3 day/K*)

a, a', b’ = empirical parameters (0.34, 1.35 an8 €e3pectively).

ETo was calculated using the Penman-Monteith equatsodescribed by McGlinchey and
Inman-Bamber (1996), and Pnet was calculated argprb the method of Singels and
Bezuidenhout (2002).

The accuracy of estimates was quantified using finegression analysi&’, mean bias error
(MBE) and root mean square error (RMSE).

Results and Discussion

Rs estimates were generally higher than measure@s/at both sites, especially on cloudy
days (Figure 1la and b). For Pongola, the MBE wa%ola6d 23% for days when n/N was
greater (clear days) and less (cloudy days) théf, 28spectively. Estimation errors were also
larger on cloudy days than on clear days. Simil@nds were observed for Mount
Edgecombe.

Calibration of Equation 1 showed that parametesné b differed with different levels of

cloudiness and, to a lesser extent, time of yelab&th sites. The values were also different
between the sites.Errors in Rs will cause relativatger discrepancies in Pnet calculations,
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because main-tenance respiration is not affecte®syFor example, for a crop size of 20
t/ha, a MBE of 5.7% in Rs estimation causes a 6.B#repancy in the biomass accumulation

calculation.

Rn was overestimated at low values (Rn<11 M@jrand underestimated at high values,
more so for estimates from n/N (Rh than for estimates from measured Rs{R(see

Figure 1c). This trend is similar to the resultsanitd by Inman-Bamber and McGlinchey
(2003) with Rn estimated from measured Rs. OveRall,was underestimated and the error
for Rn,, was larger than that for Rn

Errors in Rn estimates caused discrepancies ofaimibgnitude in calculated ETo. ETo is
therefore overestimated at low values and undenastid at high values.
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Figure 1. Linear regression between estimated and measured solar radiation (Rs) for Mount
Edgecombe (a) and Pongola (b), and between estimated net radiation (Rn) [from measured Rs
(Rngs) and sunshine duration (Rn,y)] and measured Rn for Mount Edgecombe (c). The mean
bias error (MBE), root mean square error (RM SE), regression equation and the coefficient of

determination (R?) are given.
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Conclusions

Rs estimates were generally higher than measure@s/at both sites, especially on cloudy
days. Estimation errors were also larger on clowysdhan on clear days.

Rn is overestimated at low values and underestomatéigh values, more so for estimates
from n/N than for estimates from measured Rs.

Following these findings, estimation equations Ww#l calibrated for different levels of cloud
cover, time of year and site, for more accurateneges of Rs, Rn, ETo and Pnet.
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