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Abstract 

 

Rainfall, air temperature and cane quality are key factors that influence the tons of sugarcane 

crushed and sugar produced in any specific mill area. An accurate prediction of these factors 

leads to important decision making in the operations of a sugar mill, such as determining the 

length of the milling season and profitability of the entire milling area. To a large extent, tons 

of sugarcane crushed at the mill, cane quality and sugar produced are controlled by the 

preceding rainfall and air temperature experienced across a mill supply area. To predict the 

sugar produced and tons crushed at a mill scale, based on daily rainfall and air temperature 

data, a length of milling season model (LOMZI) was developed. The model has a cane 

quantity and a cane quality component based on relationships with the weather. The LOMZI 

model estimates daily tons of sugarcane crushed, brix, pol and fibre contents with an 

acceptable degree of accuracy after 126 coefficients were mathematically calibrated against 

real production and weather data for each mill. The model was calibrated for Umzimkulu, 

Sezela, Eston, Noodsberg, UCL and Umfolozi. As part of the verification, R2 values ranged 

from 0.16 to 0.69 for cane crush quantity, 0.55 to 0.80 for brix, 0.58 to 0.77 for fibre and 0.56 

to 0.81 for cane quality. This short paper describes the development, calibration and 

application of the LOMZI Model. The model was executed using stochastic weather data and 

the results are discussed. Areas for further research and improvement to the model are 

suggested. 
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Introduction 

 

The LOMZI model was developed to predict the sugar produced and tons crushed at a mill 

scale area. LOMZI is a stochastic simulation model that runs on a daily time step (Boote, 

2011). The model is a framework that incorporates specific issues, such as agronomic 

practices, harvesting, milling and transport at any specific mill supply area. According to 

Boote (2011), the model simulates the supply chain from the cutting of sugarcane in the field 

to its delivery at the mill. It focuses on the amount of sugarcane that is processed at the mill 

for each harvesting season (Boote, 2011). 
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LOMZI uses the following components: daily crush rate, cane quality (daily average pol%, 

brix% and fibre% of cane delivered at the sugar mill), daily rainfall, and maximum and 

minimum air temperature (Boote, 2011; Jenkins, 2014). The aim of this study was to develop, 

calibrate and test the LOMZI model at Sezela, Umzimkulu, Eston, Noodsberg, UCL and 

Umfolozi sugar mills. 

 

Model development and application 

 

Figure 1 depicts the structure of the LOMZI model. Stochastically generated weather data 

from CLIMGEN (Stöckle et al., 1999; McKague et al., 2003) was used to calculate the 

quality and quantity of cane that arrives at the mill after being exposed to a series of weather 

events. 

 

 
 

Figure 1. The LOMZI model framework. 

 

Cane crush calibration 

A cane crush model was used to predict the impact of daily rainfall on the daily cane crush. 

The model predicts tons crushed per day (t/d) from rainfall of the preceding three days 

according to Equation 1. The sugarcane crush quantity model hypothesised that the potential 

sugarcane crushed for a given day can be calculated by subtracting the impact of the amount 

of rainfall received in each homogenous climatic zone (HCZ) within the mill area in question. 

This is illustrated in Equation 1: 

 

 𝑇𝐶𝑖 = (𝛼𝑖 − ∑ 𝑅𝑅𝑧

𝑛

𝑧=0

) ×   𝜃𝑑𝑜𝑤                                 
 

(1) 

 

where 

TCi is the potential total tons of sugarcane crushed for day i (t/d), 𝛼𝑖  is calibrated and reflects 

the maximum tons of cane crushed on any given day (t/d), RRz is the rainfall reduction value 

for HCZ z on day i (t/d, see Equation 2) and 𝜃𝑑𝑜𝑤 is a calibrated day of the week adjustment 

factor. 

 

CRUSH QUANTITY CALIBRATIONS

CLIMGEN WEATHER GENERATOR

CANE QUALITY CALIBRATIONS

TONNES CRUSHED 
SUGAR PRODUCED 

SIMULTATION OF 1000 SEASONS FOR EACH 
MILL
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Equation 2 depicts a rainfall reduction at the mill (𝑅𝑅𝑧 in t/d) based on the amount of rain 

that fell within any of a number of sub-regions in the mill area. Sub-regions were delineated 

according to homogeneous climate zones derived by Bezuidenhout and Gers (2002). The 

amount of rainfall received in each HCZ for the current day, the previous day and the day 

before that (C0, C-1 and C-2) were used to determine the impact on mill operations. The 

rainfall reduction value for each zone was determined according to Equation 2: 
 

 

𝑅𝑅𝑧 =    ∑ 𝐸𝑅𝑖

−2

𝑖=0

 ×   𝐶𝑖          
 

(2) 

 

where 

RRz is the rainfall reduction value for HCZ z on day i (t/d), ERi is the effective rainfall value 

for day i (mm/d, see Equation 3) and Ci is the calibrated rainfall factor for day i (mm). 

 

𝐸𝑅𝑖 (mm) refers to the effective rainfall for day i. As an increasing amount of rain falls, the 

crush rate at the mill is reduced incrementally. For example, when there is only 1 mm of 

rainfall, then only 200 tons of crush capacity may be lost. However, when 5 mm of rain falls, 

then 1000 tons of cane crush could be lost because the farmers will not be able to deliver the 

sugarcane to the mill due to wet and muddy fields. However, there is a point when, even if 

more rain falls, crush is not further reduced. 
 

The calculation of 𝐸𝑅𝑖 is depicted in Equation 3: 

 

 
𝐸𝑅𝑖 = {

𝑅𝑖     
𝑅𝑡ℎ𝑟𝑒𝑠ℎ

 
      |𝑅𝑖 ≤ 𝑅𝑡ℎ𝑟𝑒𝑠ℎ

      |𝑅𝑖 > 𝑅𝑡ℎ𝑟𝑒𝑠ℎ
 (3) 

where 

ERi is the effective rainfall value for day i (mm/d), Ri is the actual rainfall amount received in 

each HCZ for day i (mm/d) and Rthresh is the rainfall threshold value for the HCZ in question 

(mm/d). 

 

Quality calibration 

The second step in modelling involved cane quality according to Jenkins (2014). The model 

simulates cane quality by taking into account relationships between short-term and long-term 

rainfall and temperature. Several studies support strong relationships between cane quality 

and recent rainfall and temperatures (Glover, 1971; Inman-Bamber, 1994; Singels and 

Bezuidenhout, 2002; Inman-Bamber et al., 2002). 
 

The quality model estimates the average pol%, fibre% and brix% of cane on a daily time step, 

based on the preceding 10 weeks of rainfall totals and temperature averages in the mill supply 

area (Equation 4):  

 

𝑃𝑜𝑙%, 𝐵𝑟𝑖𝑥%, 𝐹𝑖𝑏𝑟𝑒% = 𝐶𝑃,𝐵,𝐹 + ∑ 𝛼𝑑𝑃𝐹𝑑

6

𝑑=0

+ ∑ 𝛾𝑖

10

𝑖=1

�̅�𝑖 + ∑ 𝛿𝑖𝐻𝑈̅̅ ̅̅
𝑖 + 𝜃𝑑𝑜𝑤

10

𝑖=0

 

 

(4) 

 

where 

𝐶 is a calibration constant (%), 𝛼𝑑 calibrated rainfall weighting factor for day d in week 0 

(%/mm), 𝛾𝑖 calibrated rainfall weighting factor for week i (%/d/mm), 𝛿𝑖 calibrated heat unit 

weighting factor for week i (%/d/°C), 𝑃𝐹𝑑 the effective precipitation for day d in week 0 

(mm), �̅�𝑖 average daily effective precipitation for week i (mm/d), 𝐻𝑈̅̅ ̅̅
𝑖 average daily effective 

heat units for week i (°C/d) and 𝜃𝑑𝑜𝑤 an adjustment determined by the day of the week (%). 
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The quality calibrations depend on (a) daily rainfall for the previous seven days, (b) weekly 

average weather (rainfall and temperature) of the previous 10 weeks (as recommended by 

Donaldson and Bezuidenhout, 2000) and (c) the day of the week, as indicated by Sibomana 

and Bezuidenhout (2013). 

 

ClimGen weather generator 

 

The LOMZI model used data imported from the stochastic weather generator, ClimGen. 

ClimGen is a daily time step mathematical model that is used to generate simulated daily 

rainfall, air temperature, solar radiation, relative humidity and wind speed for a specific 

location, based on previous weather records (McKague et al., 2003). The ClimGen weather 

generator was selected because it is applicable in any location around the world, as long as 

weather records exist (Stöckle et al., 1999; McKague et al., 2003). The model has been 

widely used for various purposes (McKague et al., 2003; Birt et al., 2010). 

 

 

Model verification 

 

The LOMZI model was calibrated at Umzimkulu, Sezela, Eston, Noodsberg, UCL and 

Umfolozi mills. Rainfall and air temperature data were accessed from the South African 

Sugarcane Research Institute (SASRI) weather web from 1983 to 2014. The daily tons 

crushed data were obtained from each sugar mill for the past 10 years. The cane quality data 

were accessed from Autolab, with permission from the Mill Group Boards (MGBs). 

 

The LOMZI model was calibrated in Microsoft Excel using the Solver add-in. In total there 

were 126 coefficients calibrated. The objective function was to find the highest R2 value 

between the simulated and actual crush quantity and cane quality data. This was achieved by 

concurrently calibrating TCi, , 𝛼𝑖 RRi , z , n , 𝐶, 𝑃𝐹𝑑, 𝑃𝑚𝑎𝑥, 𝐻𝑈𝑏𝑎𝑠𝑒, 𝛼𝑑, 𝛾𝑖, 𝛿𝑖 and 𝜃𝑑𝑜𝑤 for 

each crush quantity and cane quality parameter. A total of 126 coefficients were calibrated 

for each mill. 

 

There were approximately eight seasons of data for each mill, ranging from 2004 to 2014. 

Four seasons were randomly selected for calibration purposes and the remainder were used to 

verify the model. As part of the verification, R2 values ranged from 0.16 to 0.69 for crush 

quantity, 0.55 to 0.80 for brix, 0.58 to 0.77 for fibre and 0.56 to 0.81 for cane quality, as 

given in Table 1. 

 
Table 1. Summary of cane crushed and quality R2 values 

for six sugar mills in South Africa. 
 

 
Eston Noodsberg Sezela Umzimkulu UCL Umfolozi 

Brix % 0.55 0.61 0.80 0.79 0.70 0.70 

Fibre % 0.67 0.58 0.77 0.74 0.72 0.71 

Pol % 0.57 0.56 0.81 0.81 0.66 0.73 

Cane crush quantity 0.47 0.53 0.52 0.69 0.16 0.37 

 

 

The outputs obtained from the LOMZI model were simulated daily tons crushed and sugar 

produced by the mill. Before presenting these results to each mill, it was important to verify 

Ndoro FM et al Proc S Afr Sug Technol Ass (2015) 88: 396 - 402

399



 

 

the performance of the model. Tables 2 and 3 represent the statistical properties of observed 

and simulated daily tons crushed and sugar made for all six mills.  

 

The model errors as shown in Tables 2 and 3 were calculated according to Equation 5. 
 

 
%𝐸𝑟𝑟𝑜𝑟 =

|𝑂 − 𝑆|

𝑂
 × 100%  

(5) 

where 

𝑂 is the observed quantity and 𝑆 is the simulated quantity. 

 

The highest errors that were found in Tables 2 and 3 were for the standard deviation values. 

This shows that a large percentage of values are significantly dispersed away from the mean 

values. For example, Eston and Umzimkulu mills had the highest value of standard 

deviations, which means that the data varied considerably. However, the model performed 

well in reproducing the mean and maximum values for all the mills. 

 

 

Discussion and Conclusions 

 

The LOMZI model performed worst at the South Coast mills Umzimkulu and Sezela for the 

crush quantity, most likely because the South Coast homogenous climatic zones are separated 

into three different areas, which are inland, coastal and intermediate. The three zones 

experience completely different weather conditions, especially rainfall. Hence, the variability 

in rainfall results in the model producing less accurate predictions. In addition, this means 

that the length of the milling season (LOMS) of the South Coast mills is greatly affected by 

other issues such as harvest-to-crush delays, transport inefficiencies and poor cane quality. 

The LOMZI model performed best for the Midlands mills, Eston and Noodsberg. This is 

because the climatic zones that supply the mills with cane are highly concentrated and 

experience almost similar climatic conditions. The LOMS of the mills is greatly affected by 

rainfall and air temperature as predicated by the stochastic model. The LOMZI model was 

run for a thousand seasons for each of the six mills. The outputs of the model were tons of 

cane crushed and sugar produced at a specific mill per day. 

 

 

The effectiveness of the LOMZI model in determining an optimal LOMS is analysed using 

probability excedence and decision support graphs as shown in Mafunga et al. (2015). Apart 

from predicting tons of cane crushed and sugar produced at a specific mill per day, the 

LOMZI model can be used to determine the impacts of other factors on the LOMS, such as 

mill fluctuations, strikes, mill breakdowns and pay weekends. The performance of the 

LOMZI model can be enhanced if the mentioned and other factors are incorporated into the 

model. This is a possible area for further research. 
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Table 2. Evaluation of the LOMZI model for all crush data. 
 

Crush stats (all data) Maximum Minimum Mean 
Standard 

deviation 

Umzimkulu Observed tons 8 684.08 0.00 5 277.73 2 207.17 

Simulated tons 4 667.64 0.00 3 806.45 897.83 

% Error 46.25 0.00 27.88 59.32 

Sezela Observed tons 15 843.38 0.00 7 565.29 2 946.01 

Simulated tons 9 237.56 0.00 6 099.07 2 557.82 

% Error 41.69 0.00 19.38 13.18 

Eston Observed tons 7 413.95 0.00 4 826.73 1 547.76 

Simulated tons 5 408.57 1 978.98 4 862.72 494.47 

% Error 27.05 0.00 0.75 68.05 

Noodsberg Observed tons 7 085.81 0.00 4 556.39 136.60 

Simulated tons 5 451.35 615.60 4 654.55 98.87 

% Error 23.07 0.00 2.15 27.63 

UCL Observed tons 3 497.14 0.00 845.74 2 378.02 

Simulated tons 3 400 0.02 850.86 2 345.61 

% Error 2.78 0.00 0.61 1.38 

Umfolozi Observed tons 6 660.87 0.00 3 944.69 1 766.69 

Simulated tons 4 667.64 0.00 3 497.88 978.45 

% Error 29.92 0.00 11.33 44.62 

 

 
Table 3. Evaluation of the LOMZI model for all sugar data. 

 

Sugar stats (all data) Maximum Minimum Mean 
Standard 

deviation 

Umzimkulu Observed sugar 4 497.11 1.02 699.00 990.89 

Simulated sugar 814.58 0.00 556.07 149.42 

% Error 81.89 0.00 20.45 84.92 

Sezela Observed sugar 1 554.02 5.20 885.34 305.40 

Simulated sugar 1 648.44 0.00 994.29 425.12 

% Error 6.08 0.00 12.31 39.20 

Eston Observed sugar 872.23 0.00 568.13 27.87 

Simulated sugar 781.68 131.27 538.58 11.14 

% Error 10.38 0.00 5.20 60.01 

Noodsberg Observed sugar 913.69 0.00 563.30 27.74 

Simulated sugar 994.04 13.19 546.47 21.91 

% Error 8.79 0.00 2.99 21.03 

UCL Observed sugar 499.59 0.00 258.21 175.96 

Simulated sugar 567.97 0.00 342.17 124.34 

% Error 13.69 0.00 32.52 29.34 

Umfolozi Observed sugar 2 756.80 0.00 295.08 287.71 

Simulated sugar 659.96 0.00 300.70 118.90 

% Error 76.06 0.00 1.90 58.67 
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