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Abstract 

 

The impact of climate change on the sugar beet yield between 1976 and 2006 and future 

climate changes for the high CO2 emission scenario in 2020, 2050 and 2080 were analysed 

using the Broom’s Barn sugar beet growth model and daily weather. Since 1976, the farmer-

delivered sugar yield in the UK has risen at an annual rate of 110 kg/ha while the sugar yield 

in variety trials has increased at an annual rate of 202 kg/ha. These increases are usually 

considered to be the result of improvements in varieties and in beet agronomy. However, 

simulations of sugar yield using recorded daily weather since 1976 increased by an annual 

rate of 138 kg/ha which accounted for about two thirds of the rate in the variety trials. Since 

the model is not variety specific, this increase was attributed partly to the direct effect of past 

weather change and partly to the trend of earlier sowing. The earlier sowing trend was indeed 

responsible for an annual rate of 20 kg/ha and was an indirect effect of the past climate 

change. The sugar yields under future climate changes were simulated using daily weather 

generated for 150 years under the time slices of baseline, 2020, 2050 and 2080. Results 

suggested that the magnitude of future sugar yield increase due to beneficial effects of 

warmer spring and increased CO2 concentration will depend on soil types, but the difference 

between yield extremes will also increase mostly because of drought. This variance could 

become a serious production chain problem due to inconsistent yields between years. 

 

Media summary 

 

Climatic changes have played an important role in improving sugar beet yield over the past 30 

years and will have some positive impacts on sugar beet production in the future. 
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Introduction 

 

Over the past 30 years or so  sugar beet yields have increased by 170 and 140 kg/ha per year 

respectively in France and Germany (ITB 2003; Marlander et al. 2003). Jaggard et al (2007) 

examined the sugar yield trend in the UK between 1976 and 2004 and calculated an annual 

increment of 111 kg/ha for farmer-delivered sugar yield during this period. These increases 

are usually assumed to result from a combination of the use of improved varieties and better 

agronomic practices. These assumptions are justified only if there have been no changes in 

the weather or if there have been any changes in the weather but the changes have had no 

impact on yield over recent years. However, the climate has been changing in recent decades. 

Some of the climate changes have had positive effects on beet yields (Scott and Jaggard 2000). 

The general assessment of the likely impacts on sugar beet production of future climate 



changes that are expected for mild CO2 emission scenarios has been reported by Jones et al. 

2003 and Richter et al. 2006. The purpose of this paper was: to analyse the effects of past 

climate changes by comparing simulated yields from the Broom’s Barn sugar beet growth 

model with the national farmer-delivered yields and official variety trial yields in the UK 

between 1976 and 2006; to assess the impact of future climate changes under the high CO2 

emission scenario on the sugar yield extremes for the time segments of 2020, 2050 and 2080 

with reference to the baseline weather covering 1961-1990. The Broom’s Barn sugar beet 

growth model has been validated and tested for a number of cultivars under different 

conditions (Qi et al. 2005). 

 

Materials and methods 

 

The past daily weather variables used in the sugar beet growth model have not been recorded 

over a long enough period at most of the meteorological stations sited within the sugar beet 

growing regions of the UK (Jaggard et al. 2007). Therefore, sugar yields were simulated with 

weather data recorded at the Broom’s Barn weather station where all the input weather 

variables were available. The sowing date was the date when 50% of national crop was 

completed and it was estimated from the crop database established by British Sugar plc. The 

harvesting date was fixed as 31 October. Most beet crops are rain-fed in the UK and more 

than half of the crops are grown on sandy or sandy loam soils. The sugar yields were thus 

simulated under rain-fed conditions on sandy loam soils. 

The simulated sugar yields were compared with sugar yields from three sources. The first set 

was sugar yields from a long-term series of both rain-fed and irrigated experiments at 

Brooms’ Barn Research Centre. These yields were achieved with good agronomic practices 

and part of them was used to develop and validate the growth model. The second source was 

the national mean sugar yield assembled by British Sugar’s factories. The third source was the 

sugar yields from the UK official sugar beet variety trials. The annual mean sugar yield was 

calculated across all harvested multi-site trials for all fully recommended varieties. 

For the analysis of impacts of future climate changes, ten weather stations were selected from 

the current sugar beet growing areas in the UK. For each weather station, 150 years of daily 

maximum and minimum temperature, rainfall and solar global radiation were generated for 

four weather scenarios under the high CO2 emission scheme (Semenov , 2007), representing 

four time slots from the baseline (1961-1990) to 2080. The daily potential evapotranspiration 

was calculated with the Priestly-Taylor method using the daily mean temperature and solar 

radiation as its inputs (Priestly and Taylor, 1972). The four time segments are specifically 

1961-1990 (Baseline), 2020 (2020HI), 2050 (2050HI) and 2080 (2080HI) and the respective 

CO2 concentrations are assigned at 350, 440, 590 and 810ppm. The effects of CO2 and of 

supra-optimal temperature were incorporated as by Richter et al. 2006. The mean simulated 

sugar yield for each year was calculated from ten potential sowing dates determined by soil 

and weather conditions from 1
st
 January. 

 

Results 

 

The impact of past climate changes from 1976 to 2006 on the sugar yield was similar to that 

of from 1976 to 2004 as reported by Jaggard et al. (2007). The sugar yields in the experiments 

have increased at a rate of 208 and 169 kg/ha/year for irrigated and rain-fed crops, 

respectively. The sugar yields have increased at a rate of 202 and 110 kg/ha/year respectively 

in the official variety trials and in the national sugar yield delivered to the factories (Figure 

1a). The simulated sugar yields for rain-fed crops grown on sandy loam soils have had an 

upward trend of 138 kg/ha/year (Figure 1b). In order to assess the impact in advance of 



sowing date, the mean sowing date from 1976 to 2006 was adopted to simulate sugar yield for 

each year. As a result the simulated sugar yields increased by 118 kg/ha/ per year. So, the 

advance in sowing date could result in an increase in sugar yield of 20 kg/ha per year. 
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Figure 1 The annual trend in the UK national farmer-delivered sugar yields and in the 

official variety trials (a), and the simulated sugar yields until 31 October for rain-fed 

crops sown on sandy loam soils with the annual 50% crop sowing date (b). 

Assuming that the rate of yield increase in the variety trials was the total rate attributed to the 

combined effects of climate change and changes in varieties and agronomic practices; the 

annual increasing rate in the simulated sugar yields was due to changes in climate; and the 

difference between the former and the latter rate was the contribution due to varieties, 

agronomic practices and CO2, it was shown that direct changes in the weather during the 

growing season and the indirect changes that allow for earlier sowing combine to account for 

about two thirds of the annual sugar yield increase in the official variety trials (Table 1). 

Table 1 Allocation of annual rates of sugar yield increases measured in variety trials 

according to growth simulations using the sugar beet growth model during1976-2006. 

 
Annual sugar increase 

(kg/ha per year) 
Percentage (%) 

Total increase  202 100 

Earlier sowing 20 10 

Climate change 118 58 

Residual (plant breeding, 

agronomy, CO2) 
64 32 
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Figure 2 Impact of future weather changes on sugar yield and on the difference between 

extreme low and high sugar yield for different soil types in the UK. 

Sugar beet is a vegetative crop and starts to accumulate sugar from an early stage. So, the 

adverse factors singularly or in combination at any time during the growing season will cause 



sugar yield losses proportional to the radiation resources that are not efficiently used. 

Although the risk of a complete crop failure is remote in growing sugar beet in the UK, it is 

essential to maintain a healthy crop canopy throughout the season in order to achieve the 

potential yield. Our analyses showed that projection of future weather under high CO2 

emission scenarios will have positive impact on sugar yield in the UK. However, the 

magnitude in increases of median sugar yields will depend on soil type and the differences 

between extreme low and extreme high sugar yield also will be increased in the future (Figure 

2). This increased variability of future yields could be difficult for the processing chain to 

manage. 

 

Conclusion 

 

Between1976 and 2006, farmer-delivered sugar yield has risen at a rate of 110kg/ha/year 

while the sugar yield in the official variety trials has had an upward trend of 202 kg/ha/year in 

the UK. However, the simulated sugar yields with the growth model for a “virtual” variety 

grown during the same period increased by a rate of 138 kg/ha/year, which accounted for 

about two thirds of the rate in the official variety trials. This was due to the positive effects of 

weather changes in the past 30 years. Future weather changes have also shown positive 

impacts on the sugar yield under the high CO2 emission scenario. The future sugar yield 

increases will vary with soil types. However, the difference between extreme low and extreme 

high sugar yield will be increased, too, which could lead to difficulties for the processing 

chain. 
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