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Mathematical Model for Predicting the Effects of Air Temperature, Heat Degree
Days, and Amount of Precipitation on Sugar Quality of Milled Canes at Sugar
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ABSTRAC

This report pertained to methods of secondary data manipulation and analyses aiming at the
construction of the mathematical model that described the effects of temperatures, heat degree days,
and amount of precipitation on the sugar quality, namely commercial cane sugar or CCS of the milled
canes. Daily CCS in the production year 2007/08 to 2009/10 were collected from 8 mills in Thailand.
Four of the mills were located in the North region while other 4 were in the Northeast region. Derived
climatic data were collected from meteorological stations resided within an 80 km. radius surrounding
each of the 8 selected mills. For each production year, the derived data were computed for 2 stages
of growth, namely vegetation and sugar accumulation. Lengths of vegetative growth and sugar
accumulation were set to be 275 and 90 days, respectively. Results indicated that canes crushed at
mills located in the North had lower CCS ranging between 11.94-12.94%, 11.94-12.48%, and 11.45-
11.99% for the 3 production years. While canes crushed at mills located in the Northeast had higher
CCS ranging between 12.37-12.91%, 12.22-12.99%, 11.59-12.97% for those 3 consequence years.
Average air temperatures during sugar accumulation stage were 24.4-26.8, 24.3-26.3, 25.1-27.3°C
for canes crushed in the North, and were 23.1-25.2, 23.2-24.3, 24.5-26.1°C for canes crushed in the
Northeast, respectively for the 3 production years. During vegetative stage, canes crushed in both
regions received precipitation amounts of 800-1,350 (in the North) and 900-1,750 mm (in the
Northeast). During sugar accumulation, canes crushed in the North received precipitation with higher
variation, ranging between 10-480 mm. While those crushed in the Northeast received precipitation

with less variation, ranging between 80-140 mm. During vegetative stage, canes crushed in the North
received heat degree days amounts of 2,900-3,000 °C-day while those in the Northeast received

amounts of 2,600-2,800 °C-day. During sugar accumulation, canes
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crushed in both regions received heat degree days of 700-900 and 500-750 °C-day, respectively.

The better quality of canes crushed in the Northeast was the consequences of preferable climatic
conditions for sucrose accumulation. During sugar accumulation stage, the Northeast region held
condition of less precipitation, low temperature, and low heat degree days. This report also showed
the mathematical model describing these preferable conditions on the quality of canes and suggested
the application of the model as a tool for determining the most appropriate first day of cane crushing

operation which high quality of milled canes could be obtained in any interesting production year.

Key words: mathematical model, CCS, sugarcane quality, air temperature, amount of precipitation
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Table 1 List of climatic stations within an 80 km. radius surrounding the selected mills

Mill Climatic Stations Surrounding a Mill

N1 Uttaradit, Phitsanulok

N2 Tak, Doi Musor Agro, Umphang, Kampaeng Phet, Nakhon Sawan, Pichit, Phitsanulok
N3 Kampaeng Phet, Pichit, Nakhon Sawan, Chai Nat Agro, Tak Pha Agro

N4 Nakhon Sawan, Chai Nat Agro, Tak Pha Agro, Lopburi

NE1 Mukdahan, Sakol Nakhon, Sakol Nakhon Agro, Nakpon Phanom

NE2 Nong Khai, Khon Kaen, Taphra Agro, Udon Thani

NE3 Khon Kaen, Taphra Agro, Udon Thani

NE4 Nang Rong, Surin, Chok Chai, Nakhon Ratchasima

Table 2 Crushing periods for selected mills of the 3 consequence production years

Production Year
Mill 2007/08 2008/09 2009/10
N1 06 Dec 07 - 25 Apr 08 07 Dec 08 - 06 May 09 30 Nov 09 - 06 Apr 10
N2 11 Dec 07 - 08 Apr 08 16 Dec 08 - 11 Apr 09 09 Dec 09 - 11 Apr 10
N3 05 Dec 07 - 03 May 08 10 Dec 08 - 28 Apr 09 30 Nov 09 -10 Apr 10
N4 23 Nov 07 - 24 Apr 08 26 Nov 08 - 03 May 09 21 Nov 09 - 12 Apr 10
NE1 03 Dec 07 - 12 Mar 08 06 Dec 08 - 21 Mar 09 06 Dec 09 - 02 Mar 10
NE2 03 Dec 07 - 07 Apr 08 10 Dec 08 - 25 Mar 09 06 Dec 09 - 07 Mar 10
NE3 07 Dec 07 - 04 Apr 08 04 Dec 08 - 19 Mar 09 30 Nov 09 - 16 Mar 10
NE4 03 Dec 07 - 24 Apr 08 10 Dec 08 - 26 Mar 09 27 Nov 09 - 25 Mar 10

Source: www.oscb.go.th

Table 3 Accumulative CCS at the end of the 2007/08 to 2009/10 production years and CCS at 15

days after start of crushing (numbers in parenthesis) obtained from the 8 selected mills

located in the North (N1 to N4) and in the Northeast (NE1 to NE4)

Fiscal Production Year

Mill 2007/08 2008/09 2009/10

N1 12.94 (11.47) 12.48 (11.27) 11.99 (10.42)
N2 11.94 (10.69) 12.23 (10.76) 11.66 (10.28)
N3 11.94 (10.23) 11.94 (10.54) 11.45 (10.95)
N4 12.15 (10.43) 12.33 (10.25) 11.80 (9.79)
NE1 12.91 (11.78) 12.99 (11.41) 12.97 (12.37)
NE2 12.80 (11.71) 12.74 (11.75) 11.97 (11.12)
NE3 12.37 (11.30) 12.47 (11.64) 11.76 (11.35)
NE4 12.37 (10.89) 12.22 (11.30) 11.59 (10.79)
average for N 12.24 (10.71) 12.24 (10.71) 11.73 (10.36)
average for NE 12.61 (11.42) 12.60 (11.53) 12.07 (11.41)
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Table 4 Results of cluster analyze of temperatures, heat degree days, and amount of precipitation received by mixed sugarcane during their growing period. Mixed

sugarcanes would be crushed at selected mills located in either the North or Northeast. Data of the 3 consequent production years were used in these

analyses.
Group No 1 Group No 2 Group No 3
parameter Mean Min Max N Mean Min Max N Mean Min Max N
CCS 10.20 8.71 11.53 146 10.83 9.39 12.37 153 11.52 10.63 12.09 61
TH 27.77 26.95 28.25 146 26.95 26.28 27.70 153 26.29 25.65 26.71 61
TS 26.80 25.31 28.05 146 25.61 24.73 26.80 153 25.15 24.43 25.94 61
™ 27.53 26.92 28.07 146 26.62 25.94 27.30 153 26.01 25.54 26.38 61
TR 0.97 0.91 1.02 146 0.95 0.91 1.01 153 0.96 0.91 1.00 61
RH 893.24 590.80 1,174.00 146 1,054.63 826.20 1,427.70 153 1,487.67 1,151.30 1,848.90 61
RS 397.53 207.50 638.60 146 306.68 103.90 450.60 153 389.20 129.70 585.80 61
RW 1,290.77 964.30 1,5656.60 146 1,361.31 1,229.20 1,632.70 153 1,876.87 1,548.00 2,149.70 61
RR 0.46 0.18 0.80 146 0.30 0.07 0.54 153 0.27 0.09 0.51 61
Oy 2,695.99 2,470.20 2,827.90 146 2,470.14 2,286.30 2,677.40 153 2,287.06 2,112.10 2,405.10 61
Ors 801.17 665.20 914.20 146 692.27 612.70 801.20 153 650.74 585.00 722.20 61
Oy 3,497.16 3,274.20 3,693.60 146 3,162.41 2912.50 3,412.00 153 2,937.80 2,764.90 3,075.40 61

TW=average air temperature for the whole growing period; TR=ratio of the average air temperature during vegetative growth period to that of during sugar
accumulation period; RW=total amount of precipitation for the whole growing period; RR=ratio of amount of precipitation during vegetative growth period to that of

during the sugar accumulation period; ¢,, =heat degree days during vegetative growth period; ¢,; =heat degree days during sugar accumulation period; @,, =6, + 6;
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Figure 1 Values of correlation coefficients between accumulated CCS at the end of any production
years and their corresponding daily CCS after start of crushing. The graph was derived
from mills' daily reports of the 2007/08, 2008/09, and 2009/10 production years and from

the 8 selected mills. Each 4 of them were located in the North and the Northeast.
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middle) stages of sugarcane, and their corresponding daily CCS (lower) from selected mills of

the year 2007/08. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).
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Figure 3 Average daily air temperatures during vegetative (TH;, upper line) and sugar accumulation (75,
middle) stages of sugarcane, and their corresponding daily CCS (lower) from selected mills of

the year 2008/09. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).



1M33Inemansuazinalulad ymineasinsasmans 09 2 aUus 3 2556

35.0

N1 FACTORY

20.0

T 18.0

T 16.0

T 14.0

TEMPERATURE, C

T+ 12.0

-+ 10.0

0.0 T T T T
0 30 60 90 120

DAYS AFTER START OF MILLING

8.0
150

35.0
N3 FACTORY

20.0

25.0

20.0

T 14.0

TEMPERATURE, C

0.0 T T T T

DAYS AFTER START OF MILLING

8.0
150

35.0
NE1 FACTORY

TEMPERATURE, C

0.0 T T T T
0 30 60 90 120

DAYS AFTER START OF MILLING

35.0
NE3 FACTORY

20.0

L

T 18.0

20.0

T 16.0

T 14.0

T 12,0

TEMPERATURE, C

T 10.0

0.0 T T T T
0 30 60 90 120

DAYS AFTER START OF MILLING

8.0
150

CCs, %

CCS, %

CCS, %

TEMPERATURE, C TEMPERATURE, C TEMPERATURE, C

TEMPERATURE, C

49
350 200
N2 FACTORY
1180
1160
&
1140 8
(8]
1120
1100
0.0 : : : : 8.0
0 30 60 90 120 150
DAYS AFTER START OF MILLING
35.0 20,0
N4 FACTORY
20.0
15.0
100
5.0
0.0 : : : ; 8.0
0 30 60 9 120 150
DAYS AFTER START OF MILLING
350 20,0
NE2 FACTORY
1180
1160
2
T1409
[§)
1120
1100
0.0 ; ; ; ; 8.0
0 30 60 90 120 150
DAYS AFTER START OF MILLING
350 200
NE4 FACTORY
300 1180
25.0
1160
200 8
{140 @
15.0 3
1120
10.0 1
50 1100
0.0 : : : : 8.0
0 30 60 ) 120 150
DAYS AFTER START OF MLLING

Figure 4 Average daily air temperatures during vegetative (TH;, upper line) and sugar accumulation (75,

middle) stages of sugarcane, and their corresponding daily CCS (lower) from selected mills of

the year 2009/10. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).
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5 Daily precipitation during vegetative (£, upper line) and sugar accumulation (E%;, lower) stages

of sugarcane, and their corresponding daily CCS (middle) from selected mills of the year

2007/08. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).
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Figure 6 Daily precipitation during vegetative (#&;, upper line) and sugar accumulation (&£5;, lower) stages

of sugarcane, and their corresponding daily CCS (middle) from selected mills of the year

2008/09. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).
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of sugarcane, and their corresponding daily CCS (middle) from selected mills of the year

2009/10. Each 4 of them located in the North (N1-N4) and Northeast (NE1-NE4).
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(Br5,;» lower) stages of sugarcane, and their corresponding daily CCS (middle) from selected

mills of the year 2007/08. Each 4 of them located in the North (N1-N4) and Northeast (NE1-

NE4).
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Figure 9 Average daily degree days during vegetative (8r ;, upper line) and sugar accumulation

(Br5,;, lower) stages of sugarcane, and their corresponding daily CCS (middle) from at

selected mills of the year 2008/09. Each 4 of them located in the North (N1-N4) and

Northeast (NE1-NE4).
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Figure 10 Average daily degree days during vegetative (8r ;, upper line) and sugar accumulation
(8r5,;, lower) stages of sugarcane, and their corresponding daily CCS (middle) from
selected mills of the year 2009/10. Each 4 of them located in the North (N1-N4) and
Northeast (NE1-NE4).
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