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ABSTRACT

The izt oF BUpar £a0e production and resned sugar imports for the period [960-2010 were
analysed and forecasted to year 2020. Results show thaf sugar cane output will rise to Z2.8m
tannas from about 88 thousand hectares of fand by year 2020. The fotal refined sugar that
will be avaliable trom production and impor is adowt 720 thousand tonnes but with Nigerian
population growing at the rate of 2.27%, potential demand far refined sugar will rise to 1.6B
tonnes by the year 2020 creating a deficit of over 1,58 tonnes. This require a drastic action
which if not taken will lead to sugar crisis. Three major options are advocated in this paper
i.e. hectarage expansion, massive funding of research to improve sugar cane production
technology such thal yield will rise to 150 tonnes per hectare and import expansion. Of the
three oplions, only increase funding of research will encourage local technology and save
Nigeria foreign exchange of more than $100B annually and will make Nigeria self-reliant in
sugar production by ihe year 2020 and facilitate the emergence of Nigeria as a developed
nafion.

KEY WORDS
Grafted model; Doubling time; Sugar; Production; Technology; Potential demand; Sugar
crisis; Sugar deficit. '

Sugarcane Is the raw material used for manufacturing sugar in Nigeria which accounts
for about 61% of the total world sugar production (Wayagari ef al., 2003a,b). Two types of
sugarcane are grown in Nigeria - industrial and soft (chewing) cane. The industrial cane is
the hard or tough type generally processed into sugar by the sugar estates. The soft cane is
mainly chewed raw for its sweet juice. Some of it is also processed into different crude sugar
products. Local farmers grow soft cane all over Nigeria. Soft cane production accounts. for
aboul 60% of total sugarcane production in many years in Nigeria (Wayagari et. al., 1999).
The exact total land area currently under cane cultivation and the total production in Nigeria
is not known, but it is estimated at between 25,000-35,000 heclares, out of which soft cane
covers 18,000 hectares. Average yield of 'soft cane on farmers' plots varies betwsen 45-75
tonnes per hectare depending on management, varieties and inputs used. Globally the major
use of the crop is in the manufacture of sugar. Sugar is used universally as a sweetener,
blender and as a pressrvative. Major indusitial users of the product include the
pharmaceutical industries, the food and beverages industries, bakeries, soft drinks batlling
plants as well as biscuit and other confectionery manufacturers. Domestically; it is used in
large amounts as a table sweetener. Although a number of other by-products, e.g. bagasse,
molasses, etc. are produced when sugarcane is processed, its major preduct and the one for
which it is commercially cultivated is sugar, Nevertheless, cane production for chewing
purpose is also of major commercial interest in Nigeria (Wayagari et. al., 1999). According to
FAOSTAT (2011), Nigeria's accurmulated import of sugar and sugar products in the last 50
years is valued at $8.18B (41267.6B) showing that much of the sugar needs have been met
through Importation.

With growing population, the demand for sugar and sugar producis Is expected to rise
but production seems to have siagrated for quite a while. Public and private investment in
the sector is very low: Much: of the production of sugar cane was carried out by the two
government-controlled estates; Bacita in Kwara State and Numan in Adamawa State, both of
which are now undergoing transformation from public to private ownership and are ouf of
production. The number of refining factories are very low compared to ather countries. For
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example, there are 571 factories in india, 45, in Brazil, 34 In the US (Alibaba.com, 2011,
Econorny Watch, 2011, FAO, 1897) while Nigeria has only one or two functional mills in
addition to some localised farmers-level milling.. The other problem with Nigeria sugar
industry is the low level of technology involved. In tact, the other sugar producing countries
have started exploring the use of sugar far fuel (ethanal) away from the traditional food and
confectionary use (USDA, 2006). The desire of the government is to make Nigeria the 20"
best economy by the year 2020. If that desire was to be achieved, in what ways will the
sugar industry be affected and what are the likely policies needed to achieve this. In view of
this, the main goal of this paper is to assess the general trend and futiire prospects of
sugarcane production ‘and sugar and sugar-related imporis in Nigeria. The specific
objectives are to estimate and compare the various trend equations of sugar cane
production in Nigeria, determine the nature of the trend and forecast the trend to year 2020.
Year 2020 is chosen because all policies in Nigeria are targeting the emergence of the
country as a developed nation by that year. The study will provide opportunily to policy
makers-on the type of policies that are required to achieve the status of self-reliance in sugar
production and a net exporter of sugar and sugar products by the year 2020.

METHODOLOGY

Secondary data on sugar cane outpul, hectarage and yield as well as sugar and
sugar-related imports for the period 1960 -2010 were obtained FAOSTAT(2011) and
supplemented by CBN (2011). The data were analysed using growth and grafted models as
well-as linear and semilog equations. In modelling trend for this: study the exponential trend
or log-linear as employed by Ahmad et. al., 2005; Onyeaweaku and Okoye, 2005; Udom,

2006; Diebold, 2007; Ojiako et,al. 2007; Ojiako et, al. 2008 and Nmadu 2009 was employed.

This functional form s also often phrased as “left-side semi-log by many econametricians
according fo Studenmund (2001). The function is given as:

Sy = ae™ ()

Eq. (1) is linearised by taking its natural logarithm to make it amenable to OLS to
obtain:

NSy =3+ bi+u 2),

where: S, = Various suigar variables
# Sugar cane output in "000 tonnes
i. Sugar cane hectarage in ‘000 ha
i Sugar cane yield in 000 kg/ha
'R Refined sugar imparts in "000 tonnes
V. Other sugar related imports in ‘000 tonnes
t="trénd variable 1980 —2010
u = noise term nid (0, %)

After the estimaltion of eg. (2), the compound rate of growth was computed as follows:
r=(e"-1)x 100 (3),

where: 1 = compound rate of growth; b = estimated coefficient from eq. (2). The time
it will take to double Lhe rate of growth was then estimated as given below:

Di=69k  (4)

where Dt = doubling time; r = compound rate of growth computed in &q. (3).
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In order to determineé the nature of growth of the various variables, a quadratic function
inthe trend variable was estimated as follows:

InSy=a+bt+ct+u (5)

All variables as previously defined. The quadratic trend term in eg. (5) allows tor the
possibility of determining deceleration, acceleration or stagnation in sugar economy in
Nigeria during the peried under study. Significant positive value indicates acceleration in
growth; significant negative value indicates deceleration in growth while non-significani value
implies stagnation in the growth process (Sawant, 1981; Onyenweaku, 1993).

To be able to estimate the grafted model, a graphical examination of the various time
series data was under taken to determine the type of grafted equation and the various joint
points. The Table below gives, lhe type and Joint Point (JP) of the data sets (Nmadu et. al,,
2009).

Table 1. Suggested graft and Jaint Points iof various véariables

Variable _ Graft suggested _ JP, JPB;

Sugar cane output Linear — quadratic - Linear 1993 2007
Sugar cane yield Linear —quadratic - Linear 1965 2002
Sugar cane hectarage Linear —quadratic - Linear 1981 2002
Refined sugar imports Linear —quadratic - Linear "4 o8t 2007
~ Sugar related imports: ~ Linear —guadratic - Linear 1995 2005

From the Table 1, it can be observed that all the series can be divided into three
segments; hence the following trend function was suggested:

Yi= O + Bel, t<JPy (6)
Yi=oy+ Bit+ ¢y, JP <t<IPy (7)
Yy= o+ Bat, t>JPs (8)

Where: Y, = sugar variables in year't;
i= trend, 1960 - 2010;
o's, B's and ¢= structural parameters Lo be estimated;
JPy and JP; = Joint Point 1 and 2 respectively.

The above equations are then reworked as shown below:

Yy = b+ Batok 91(JP2° -JP® + - 2(JP2) 1+ 2(dP)t ), t=JPy (9)
Y, = o + Bats 6:(JPS2 - 2Pt + 18, JPy <t <JPs (10)
Yl = Qg + Bgt, t> JPQ (1 1)

The above equations, (9), (10) and (11). are then formed into a single equation for
estimation as follows:

Yi=WeZo + W2y +mZz+ Uy (12),

where: Z, =1, Y1, Y=farall
Zi=1, Yt
Zy=JPs - JPE - 20 (JPs - dPy), t<JP,
= {t=JPy)’, JP; <t <P,
=0, 1> dPs

U, = error term assumed to be well behaved.

Equation (12) was then estimated using OLS and the autput forecasted fo year 2020.
See Nmadu, 2010 and 2002 as well as Fuller. 1969 for details of equations (8) — (12).
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In addition to the grafted equation above, the linear and semilog forms of all the series
were estimated, forecasted 1o 2020 and compared with the other equations. The models are:

Sy=a+bt  (lnean) (13)
Si=a+blit (semilog) (14)

After the estimation, the adequacy of each of lhe models was determined using Root
Mean Square Error (RMSE), Mean Absolute Deviation (MAD), Mean Absolute Percentage
Error (MAPE), Theil's inequality coefficient (U) and Percent Turning Point Error (PTPE) in
line with Yu and Ren (2011) and Swanson et. al. (2011).

RESULTS AND DISCUSSION

The basic statistics of the various variables-and their 2020 forecasts are presented an
Table 2. The estimates of all the coefficients of the various models regarding sugar cane
production as well as refined sugar import are presented on Tables 3-7 while the computed
compound rates and doubling times are presented on Table 8. The diagnostics of the

various models are presented on Tables 8-13. Figures 1-5 show the predicted variables and

the forecasts o year 2020.

Table 2. Basic statistics of the variables in the analysis

R 2020 forecast
Variable Mean | Std.Dev. | Min | Max Grafted [ inear | semilog | growth | square growih
Sugar cana oulput | 1074 1171 160 | 6442 | 2800 782 775 2010 1 4413
Stigar cane hectarage | 25 16 6 85 gs | 55 55 [ 81
Can sugar vield 331 .71 188 | 411 47 | 265 266 256 o8
| Sugar related Imports 191 363 4 1371 9053 2781 2765 ‘2962 3711
Refined sugar impaorts | 381 271 32 | 1098 | 300 813 811 1599 180

The results in Tables 3-7 show that all the coefficients are significant in explaining the
variation in each of the variables. The results shows that the F-ratios were significant at the
1% level. In addition the adjusted R® varies from 13% to $8%. The result revealed that both
the F-ratio and the adjusted R® were quite larger with the grafted model in almost all the
cases. In addition, Tables 8-13 show that the grafied model possessed superior forecasting
qualities than the other models. These qualities are also eviden as revealed on Figs. 1-5.
Figires also show that the grafted mode! better simulated the historical trend of the variables
and gave a more realistic forecasts of the variables. In view of this, ihe grafied model is
chosen as lhe lead equation and is used for further analysis.

Table 3. Estimated coefficients of the various forecasiing models for output of sugar cane

= Iy i o Adj. B2 F-raiio
Linear mods| (915;‘;155%3) 4?8'?83*; ) - 0a7 | 3047
Semilog model | tzg\gig; E:??%BOST - 0.33 25609
p—— e [ ToEmE || o | e
Grawth square modal : (?13%51‘2:) | 'g'gsj ?00(?855233:; 0.595 37.78™*
Grafted mode! {52221823% 4{2382165;)“ 1?‘1",21*;* 0.83 7 126.43***

NB: Values in parenthesis arg standard grrars, *** =P < 0.07
Source: CBN, 2009, FAOSTAT, 2010.
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Table 4. Estimated coefficients of the various forecasting models for hectarage of sugar carie

- 7 He j.,_Li. i Hz Adl. R2 F-ratio
R - -
' Sentiog model }fffg?gr 159545;3'; ' = | oses 7574

Growth mode! 5(3‘;2) (333243) | e  oars 87.63™
Growth square model | E;;gg: (%?]ig; | ?df];gg fg:? 0.776 178,67
Grafted model 'iﬁéﬁgw ?("0525) ?é%%ga';; 0.80 102.75™

NB: Values in parenthesis are standard errors, **** = P.< 0.01
Seurce: CBN, 2009, FAOSTAT, 2010.

Table 5. Estimated coefficients of the various forecasting modsls for yield of sugar cane

- ™ n ! s | Ad.Rz F-ratio
Linear model 'ﬁg&g;{ ‘T[béss%;" - 0.13 8.74%
Semilog mode! 2(323?12318; -(31?2?1%57*)‘ = 032 B.Bﬂw,.
Growth miodel ! ?4619—,) * ?005525;; - 045 | g1
il B R R
Grafted mode! 2(513??6002*;, | 255’54;; ' ES_ 521‘,;;7; 0.81 108,774

NE: Values in parenthesis are standard errors, **** = P < 0,01
Seurce: CBN, 2008, FAOSTAT. 2010.

Table 6, Eslimated coefficients of the various forecasting models for refined sugar imports

Ho o ! Mo i Adi R2 F-ratic

Lifear model ?:;‘715’557;) 1{21395” ' I o448 | 153
Semllog model E;gg?_‘rgﬁ | "2?35?753%?";; ’ 0.449 4187
Growth model ﬁg?ﬁs) o) 060 | 728
CGrowth square model ﬁgdé%g; 8(162;;* ‘(%_%%%gj; 077 19.24%**
o | e R L

NB: Values in parenthesis are standard errors, **** = P.< 0.01, ™ = P < (.05
Source; CBN, 2009, FAOSTAT, 2010,

Table 7. Estimated coefficients of the various forecasting models for other sugar-related imports

= s Wy | Uz | Adi.R2 | Fratio
Linear model ?gggfﬁ ) 1{62‘17;} ’ - 0.467 24,82+
Semilog mode! ('3285036375?;;) 3%3526;4;“ - 0.464 4435
Growih modsl 2(" ‘1‘(‘)-;‘1’;” (‘g:gggi:;) - | ose 407,237
Growlh square mods! sﬁﬂgﬁ) ?13553 | ?O%OJJSSGB) 0.91 264.68
Gratted mods| 'é?fff,g; “ggg; ?081299) 098 | 1144008

NB: Values in parenthesis are standard erfors, *** = P < 0.01
Source: CBN, 2009, FAOSTA T, 2010.
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The result on Table 8 shows that only sugar-related import is accelerating given the
current irend and is growing at the rate of 11.62% per annum and will double by the year
2016. Sugar cane output and hectarage had stagnated at the current trend bul are growing
at the rate of 3.85% and 3.25% per annum respectively. Output will double by the year 2028
while hectarage will double by the year 2031. In addition. yield of sugar cane and refined
sugar import shows deceleration at the current rate although, while refined sugar import still
has posilive growth rate of 5.30% per annum, yield per ha of sugar cane shows negative
growth of -0.6% and suggest that the sugar cane production technology in Nigeria is as old
as 1904. The low growth in sugar cane technology must have accounted for the stagnation
in output. In this entire seenario, it therefore means that for Nigeria to be self-reliant in sugar
productien there is need to improve preduction technology massively in order to meset
increasing demand occasioned by increase population and improved status. In that case, the
policy options will be such that refined sugar imporis will be slowed while output and
hectarage would have to be accelerated to be able to achieve self-sufficiency by the year
2020. In the case of yield per ha, research must be stepped up and funds made available to
develop sugar care lines that will be able to increase output massively without necessarily
expanding heclarage.

Table 8. Compound rate, doubling time and nature of growth of the various variables

Compound Doubling fime Year doubling !
B growth Frla'te (%) (yea_sr)s) would bs achie#ed | Type of growds
Ouiput _ 3.885 18 - 2028 i _ Stagnation
Hectarags 3.25 21 2031 Stagnation.
Yield i 0.6 -106 1904 | Deceleration
Refined siigar import 5.30 13 2023 Deceleration.
Other sugar-related impornt 11.62 B 2018 Acceleration

Table 9, Validity statistics of the estimated models for sugar eane output

- PTPE MSE RMSE MAD MAPE Theil U
Lingar 01569 8208376.38 g10.70 | 551.40 0.6627 0.3171
Semilog 0.1569 831757.93 912.01 561,93 0.6629 0.3176
Growth 0.1569 | 782378.38 584.80 445.99 0.3957 0.3373
Growth square | 0.1568 71362349 844,76 436.25 D.4063 | 0.3195
Grafted 15686 | 214811.28 463.25 339.91 | 04925 0.14398

Table 10. Validity statistics of the estimated models for sugar cane hectarage

- TPE MSE RMSE MAD MAPE Theil L
Linear 02549 . 101.40 | 10.07 | 6.83 . 02788 0.1738
Semilog 0.2549 101,91 10,10 6.84 0.2794 0.1743
Growth 0:2549 78.48 8.86. | 5.58 02153 0.1573
Growth square 0.2549 64.82 8.05 520 0.2132 04421
Grafted 0.2549 4313 )| ! 5.48 _0:2691 0:1181

Tabte 11. Validity statistics of the estimated models far sugar cane yigld

- FTPE MSE BMSE MAD MAPE Thell U
Lingar 0.64706 4211.36 64.89 53.80 01844 | 0.0969
Semileg 0:64706 4221.64 54,97 53.91 0.1848 0.0870
Growth 0.64706 442580 | 6653 55.19 0.1838 0.1043
Growth square | 0:45098 810.00 28.46 21.61 0.0790 0.0423
Grafted _0.45068 897.07 29,85 2216 0.0825 0.0444

Table 12. Validily statistics of the eslimated models for refined sugar imports

— PTPE MSE | RMSE | MAD MAPE ! TheilU
Linear 0.38216 38897.00 197.22 | 154.02 07162 0.2220
Semilog 0.39216 3879492 1 196.96 153.57 0.7122 0.2217
Growth 1 0.39218 6434113 253.66 180,55 0.5752 0,2846

Growih square | 0.37255 | 3085742 175.95 125.05 0.4053 0.2049
Grafled 0.39216 26821 .46 172.69 13624 06158 | 0.1921
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Table 18. Validity statistics of the estimated models for sugar-related imports

- PTPE MSE i RMSE MAD MAPE | _Theil U
__Linear_ 0.3725 67386.88 258,59 204.61 8.5622 0.3604
‘Semilog 0.3725 67723.22 260.24 20499 | B.67%4 0.3616
___ Growth _ 03725 | 45973.69 21441 98.63 0.4971 0.3470
Growth sguare 0.3725 15247.11 123.48 60.92 0.3914 01782
Grafted 0.3725 2650.98 51.49 27.08 0.4931 0.0835
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Figure 1. Estimated models of the past trend and forecast of sugar cane output in Nigeria (1960-2010)
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Figura 2. Estimated models of the past trend and forecast of sugar cane hectarage in Nigeria

(1960-2010)
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Figure 3, Estimated models of the past trend and forecast of sugar cane yield in Nigeria (1960-2010)
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Figure 4. Estimated models of the past trend and forecast of refined sugar impart In Nigeria
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F'igure 5. Estimated models of the pasttrend and for'ecast of 6ther sugar-related import in Nigeria
(1960-2010)

The population of Nigeria, which is 140m (NPC, 2006) with the growth rate of 2.27%
will QIDW to about 194m by the year 2020 given the potential demand for refined sugar
growing from 1.1B tonnes to 1.6B tonnes in line with recommended daily sugar intake per
adult (Rodale, 2011, e-how Health, 2011). This potential demand is a far cry from the grafled
model’s forecast values of both the production and imports. put together (Le. 720 tonnes),
creating a very huge deficit. Therefore appropriate policies are needed 1o boost the sugar
sector such that by the year 2020, Nigeria’s sugar demand will be fully met. If the needed
policy favours increased local production as against importation, then sugar cane hectarage
must be increased from the current rate of 88 thousand hectares to 782 thousand hectares.
Conversely, instead of conlemplating massive hectarage expansion, Nigeria can massively
fund research to improve sugar cane production technology and raise the yield per hectare
to not less than 150 tonnes per ha up from the present 47 fonnes and that reduces the
needed heciarage to 246 thousand. This must be complemented by the rehabilitation of the
existing sugar estates and privaie-secior driven establishing of new estates so that the
refining capacity of Nigeria will be able to meet the demand and possibly exports of surplus.
The overall benefit of all these policies would be the full take-off of commercial sugar
praduction in Nigeria and creation of employment opportunities for the teaming unemployed
youths and graduates. The second option is less expensive an the long run as it will
drastically reduce the cost of production and will encourage new investers to join the sector.

~ The second major policy to contemplate is import expansion. This, even though is
much easier and simpler fo undertake, has the potential to weaken local productien, further

slow down sugar production technology in Nigeria and also serve as a drainpipe of the
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nation’s scarce resources. Indeed the cost of potential sugar imports by Nigeria will rise from
$73.’728 to $102.16B (equivalent to M11426.77B and &1 5834.24B) by the year 2020. li is
clear that impott expansion is not a good option since if pursued il means that 100% of the
annual budget would be spent on sugar importation. However, whatever policy option that
may be contemplated, now is the time to act in order to avoid a major sugar crisis in Nigeria
(.e. a sugar deficit of over 1.5B tonries by the year 2020 if productien and imporis are
maintained at the current trend) and ensure that the proposed emergence of Nigeria as a
developed nation by the year 2020 is fully achieved.

CONCLUSION

The trend of sugar cane production -as well as imports of refined and other related
sugar from 1960 to 2010 was studied using grafted model and growth mode!. It was found
that based on the current trend, there will be sugar deficit by the year 2020 it nothing Is done
now. Three major options are advocated in this paper i.e. hectarage expansion, massive
funding of research to improve sugar cane production technology such thal yield will rise to
150 tennes per hectare and importation expansion. Of the three options, only increase
funding of research will encourage local technology and save Nigeria of foreign exchange
that wiil otherwise be spant on importation.
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