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Abstract

This paper seeks to study the price dynamics otenai Ghana, in the context of mathematical mouigllising
continuous-time cobweb models derived from linead aonlinear delay differential equations. The Hitsh
conditions of two cobweb models: continuous-tinmedir and nonlinear models are discussed. The slafstained
from the Ministry of Food and Agriculture, Statcstl Directorate Kumasi-Ghana, from 1994 to 2013.

The models performed on the assumptions that, nfegeno equal substitutes and there are no exogesmmcks
needed to generate price fluctuations so that rhgmkee would be determined by only the availahlp@y in a
single market.

From the results of the analysis performed on #& economic price and production data using nurakri
approach, the nonlinear delay differential modelr{fulated from linear demand and quadratic supphgctions)

showed oscillations between and around two equilibrpoints and would neither converge. This reseéms

realistic as it appears to reflect real market @ik since an equilibrium price would not be catilple with the

prevailing situation of high inflation, food insidfency and/or producers’ sensitivity towards price

The linear model (formulated from linear demand &ndar supply functions) on the other hand showitle
oscillations and then converged towards an equilibrpoint (zero equilibrium price). However, thisesns quite
unrealistic.

Effects of delay parameteron oscillations are also discussed. It is obsethatioscillations (price fluctuations) are
suppressed for< 0.5, using the nonlinear delay equation. This is andation that price fluctuations are reduced, if
and only if, factors affected by time laguch as the time necessary for increasing suppiying new inputs, hiring
workers or transporting commodities to market antrbuilding warehouse and reducing effects of rahtu
constraints on crop yieldse improvedOn the contrary, the linear delay differential eiipra fort > 0.5 ort < 0.5,
would still be in stable equilibrium.

We draw inferences from this study that researchieosild rather use nonlinear models instead o&timeodels in
solving most real-life economic problems to avoidleading conclusions.

Keywords: cobweb model, delay differential equations andepsi@bility
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Maize is the number one crop in terms of area pth@ind accounts for 50-60% of total cereal produacivhich
then makes maize the second largest commodityior@hana after cocoa and one of the most imporays for
the country’s agricultural sector and for food sgguMiDA, 2010). Maize is the largest staple criompGhana and
contributes significantly to consumer diets andoadmg to a nationwide survey carried out in 198@1érman and
Higgins, 1992), 94% of all households had consumaie during the period of the research. Boaterad. ¢1990)
also found that maize and maize-based foods acdourit0.8% of household food expenditures by therpmnd
10.3% of food expenditures by all other income gsuThe per capita consumption of maize in Ghana wa
estimated to be 42.5 kg in the year 2000 and 943M0Das national consumption in 2006 (MOFA, 200RI3,
2007).

Maize is a food for an estimated 50 % of the pagpartain sub-Saharan Africa and provides 50 % ofrthasic

calories. This staple food has great nutritiondli®a as it contains carbohydrate, protein, iroh,fibre, sugar, ash,
vitamin B, and minerals. People in the sub-regionstime maize as a starchy base in a wide varigbpmidges,
pastes, grits, and beer. Green maize (fresh orcabg is eaten parched, baked, roasted or boiledpimg an
important role in filling the hunger gap after tey season (Chaudhry, 1983). As a result of thislleof

consumption, price instability is causing concemshat increases in staple food prices have dmglications for

the food security situation of the poor in Ghana.

Research has revealed that foodstuff prices exhight volatility with maize showing continual in@®ng price in
recent years by as much as twenty three percenvdkw et al., 2011) and this assertion is buttedse the
findings of Wodonet al. (2008) that food prices fare, maize and other cereals increased by 200tpe3cent
between the last few months of 2007 and the beginof 2008.

According to ISSER (2008), high food prices hawtically different effects across countries and papon groups
such that the net food exporting countries berfiedih improved terms of trade while net food impogticountries,
however, struggle to meet domestic food demand. fabethat, in Africa, most countries are net inipos of
cereals means therefore that these countries wilhdrd hit by rising prices. Higher food pricesdlidbe poor to
limiting their food consumption and shifting to $elsalanced diets, with the consequential harmfigices on their
health in the short and long runs. Sanyang andsJ{@@08) also affirm that, higher food prices resulpeople
eating less frequently and in lesser quantitiesyelsas cheaper and less nutritious food.

There has been a steady upward trend in recens fim@od prices at a modest rate and a major ibortr to this
effect has been the increase in crude oil priceesa large increase in crude oil prices standamang numerous
factors to explain most of the jump in food prieesr the last decade. Indeed, in a recent WorldkBndy, oil
prices are found to be major contributing factorfdod price increase than several other long-tericepdrivers,
including exchange rates, interest rates and ind@affes, 2013). Oil price increases exert botlectiand indirect
upward pressures on aggregate prices of food (IS2BB8). Prices of agricultural commodities in diddi are
affected by higher energy and chemical input pricesre frequent than usual adverse weather conditiand the
diversion of some food commodities to the produciid bio-fuels; notably maize in the United Stasesl edible
oils in Europe. These conditions led global starkge ratios of some grains down to levels not seae the early
1970s (Baffes, 2013).

Maize production is essentially performed by sn@tler farmers under traditional tillage and rééd conditions
which are increasingly erratic. Thus total markenditions for maize tend to follow the direct impad these
rainfall conditions on production. The situatioreduently exacerbated by the poor or 4esistent posharvest
management infrastructure such that even in peddmod moisture conditions, inefficient storagstems often
result in price pressures arising from glut at batvtime and noavailability towards the end of the season
(AmanorBoadu, 2012) and according to (Modern Ghana, 2Qdr®)es of maize, rice and yam, among others, shot
up astronomically, few weeks after the Christmasidies negatively affecting consumers.

The study by Food Security Ghana (2010) found thiates of maize are rotting away in silos as alregypoor
market; a situation so frustrating to farmers. Fstance a maxi bag of maize was selling for GHé8@pared to
GH¢55 the previous year. Changes of food pricebammming increasingly relevant to producers andgomers in
the competitive food markets in that price sernvesua efficient means for seeking out productiorsiiilgies and
potential, as well as allocating scarce resourddiman economy (Gortz and Weber, 1986; Kuwornwakt 2011).
It found that production delays in agricultural aoodities are responsible for generating fluctuaioneconomic
indicators. Therefore, a plausible mathematicairsgin which to study these phenomena is providgd delay-
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differential equation (DDE); in particular while éhdependence of demand on price may be taken to be
instantaneous, the supply term contains a delaydflb and Gergely, 2013).

This paper seeks to study the behaviour of theemtig;mamics of maize in the context of continuouseticobweb
models derived from linear and nonlinear delayedéhtial equations. The models would be formuldtased on
real economic data of maize price demand and ptafuin the Ashanti Region, of Ghana (the same data used
by Anokye et al. (2014)). It is intended to asststkeholders to have knowledge of the price dynamianaize so
as to devise mechanisms to ensure food availakalitg the stabilization of prices. Having knowledgfethe

dynamics of food prices gives farmers the oppotyutd make informed decisions concerning plantirfgao
particular food crop, since planting decisionstaken based on the expected price during harvest.

1.1 Effects of Continuous-time Models

Cobweb models describe price dynamics in a market mon-storable good that takes one time unitredpce.
Thus cobweb model describes cyclical supply andagehin a market where the amount produced mushbsen
before prices are observed (Brock and Hommes, 1997)

Cobweb model of market stability is a discrete-timedel that leads to a recurrence equation whidcrdees the
sequence of prices when the initial price is netahuilibrium value. One of the implicit assumpsan the demand
and supply analysis is that suppliers decide thantijty of goods to be sent to market after theyvkitioe price of
that good. In reality, however, most suppliers canthemselves to the supply decision before thegvkthe price
of the good in question. Thus, in reality, timecantinuous although it is assumed that it evolvssrdtely under
which framework the market is cleared once perdiperiod of time (Asano, 2012). It is therefore gibe and
reasonable to use continuous-time models and tmeskels lead to differential equations rather thacurrence
equations with price being given as a functionhef tontinuously varying time parameter (Anthony9@»

Nowman (1997) applied a continuous time dynamic ehad the short-term interest rate in finance antked that
the volatility of short-term rates is highly sensit Lindsey and Ryan (1994) also found that thetiooous-time
model is preferable to the discrete and mixed-timadels for the reason that it gives reasonablenastis with
relatively few intervals while still making full esof the available information. Continuous-timeekn models for
some time series data, for instance, have beemifealuable in certain applications, particularhyfitting models to
irregularly spaced data (Jones, 1981; Jones anéréok, 1990). Several recent papers (Brockwelle(18191),
Tong and Yeung (1991), Brockwell and Hyndman (19883 Brockwell (1994)) have investigated the use of
continuous-time models, which are especially corerrfor modelling irregularly spaced data whereéin models
are not adequate.

1.2 Effects of Nonlinear Models

Although a great deal of attention has been giedimear difference and differential equations, l&ss attention has
been given to nonlinear relationships. Howevers tilsi now changing as many recent researches cautumct
economics are considering nonlinearities (Shon82p0~or example, Finkenstadt (1995) applied lirmgply and
nonlinear demand functions. Hommes (1991) and deasd Urban (1984) used linear demand function& wit
nonlinear supply equations. Junhai and Lingling0{@20also established a nonlinear model based oweloltheory,
where both the demand function and supply functi@ne quadratic. These findings indicate that thalinear
cobweb model may explain various irregular fluciuas observed in real economic data. Anokye e(2014)
studied price dynamics of maize in Ghana usingalirend nonlinear cobweb models which are constlufrtam
real economic price and production data. It wasuded from their study that researchers rather wsdinear
models to avoid under or overestimation and makieibpredictions in real economic situations.

In economic systems with backward bending supplgvesi or multiple-valued demand curves, the dynamics
described by the nonlinear at equilibrium point$ibit broad spectrums of complex behaviour.Howeviethe
supply and demand curves are monotonic and sirgjlesd, the behaviour remains qualitatively the sasé@ the
linear case as only the three classes of behawi®udisplayed: convergence to a fixed point, peBiarycles, and
instability(Jensen and Urban, 1984).

The use of nonlinear dynamic models in economicsfarance has expanded rapidly in the last two desdDiks
et al., 2008) and in studying the differences betw#near and nonlinear models in engineering,d¥dbrks (2013)
discovered that neglecting nonlinear effects caul l® serious errors as a nonlinear model can d¢wdpto avoid
overdesign and build better products. SolidNot&@092 states, in other words, that whereas it tédeger time to
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run a nonlinear solution, yet it better replicaties actual physical system being analyzed andesierésults will
correlate very accurately.

1.3 Special Effects of DDEs

In considering the dynamics of price, productiod,aconsumption of commodities, Bélar and Mackey8@%nd
Mackey (1989) proposed the price fluctuation moaeld under relatively mild conditions, determinkd stability
of equilibrium price. Farahari and Grove (1992) &@fieng (2005) considered naive consumer modelstnied
the oscillation of equilibrium price. However, tikesiodels were all based on ordinary differentialatipns. The
lack of time lags (delay) in these models makemthaite different from the realistic problem.

In fact, a great deal of recent economic modelltag almost entirely ignored the potential role efagls in
generating economic fluctuations and a good mattieatssetting in which to consider this gap is pdad by
delay-differential equations (Howroyd and Russ@&34; Eduardo and Gergely, 2013). While it is asdlirieat
consumers base their buying decisions on the dumanket price, for most commodities there is dtyua finite
time t that elapses before a change in production ocghis.time lag can be affected by several factaush as the
time necessary for increasing production, buying ngachines, hiring workers or building factories;the case of
agricultural commodities, there are also naturakt@ints that affect the delay (Mackey, 1989).

Delay Differential Equations (DDES) are a specgyglet of Functional Differential Equations (FDEs)vithich there

is the constraint that its time evolution can odgpend on specific past values of the state variabdiscrete or
continuous times. DDEs arise in many applied moadien traditional simplifications are abandoned riaore

realistic assumptions (Engelborghs, Luzyanina ubse, 2002).

Delay differential equations have been widely uggdmany years in control theory and have recehdgome
popular in biological and economical models. Larettal. (2012) employed differential system witlal/s similar
to Dibeh (2007) to describe the price dynamicsaaf tharkets that are coupled via diffusive coupliegns. They
studied two different time delay cases, namely whetlh markets experience the same time delay, drehvhe
time delay is different across markets to deterntiveér equilibrium and stability theoretically. Tiséudy also used
numerical illustrations to confirm the theoretidaldings. Walter (1981) used DDEs and realised thdiroad
spectrum of dynamic behaviours can be found inineat delay differential equationMeng-xing and Cheng
(2008) developed a mathematical model for price cooperation &g in which when the economic
parameters satisfy some conditions, the existence and stabpityiadic price are investigated.

2. Method

In order to study price dynamics of maize in Ghaeragrds of price and production of maize from s¢@en major
market centres in the Ashanti Region were seledtbis. secondary data of maize are gathered fronyehe 1994
to 2013, from the Ministry of Food and AgriculturBtatistical Directorate Kumasi-Ghana as shownalviet 1.
Linear and nonlinear delay differential equatioisdemand and supply are formulated from the dath then
employed (equations) to derive cobweb models warehused for the study of price dynamics.

Table 1: Price and Production of Maize in Ashar@gi®n

Prices of Maize (Bag of 100 kg) in GH¢ ProductarMaize (Metric Tons)

Year  1MQuarter 2™Quarter 3"Quarter 4"Quarter  1"Quarter  2™Quarter  3™Quarter 4™Quarter  Total

1994 1.23 1.78 1.49 1.67 10198.13  14830.01 12403.34 13878.19 51309.67
1995 2.69 3.53 1.64 2.22 15947.12 20917.51 9730.17 13171.87 59766.67
1996 2.80 3.41 4.61 4.45 10152.87 12357.34 16710.75 16125.71 55346.67
1997 6.51 8.73 6.74 - 17268.13 23180.01 17886.86 - 58335.00
1998 5.06 5.62 4.43 4.26 19354.45 21514.8 16930.53 16287.52 74087.30
1999 4.64 4.94 5.76 4.60 15016.85 15978.78 18646.42 14875.28 64517.33
2000 9.32 11.05 9.90 10.39 14663.71 17381.97 15579.11 16342.87 63967.66
2001 13.87 18.76 12.98 13.04 13403.83 18127.28 12539.71 12595.85 56666.67
2002 14.83 15.38 10.97 11.36 25347.56 26300.98 18760.61 19417.51 89826.66
2003 14.03 17.06 16.32 14.49 14649.34 17818.76 17039.9 15132 64640.00
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2004 17.80 21.67 23.46 23.06 12629.82  15372.77 16646.07 16362.01 61010.67

2005 29.67 45.02 34.25 28.56 11638.64 17660.19 13436.17 11203.67 53938.67
2006 25.91 27.39 20.98 18.87 15226.02  16097.1 12328.32 11090.56 54742.00
2007 25.85 32.34 26.41 26.06 13190.26  16500.28 13474.43 13296.04 56461.01
2008 32.34 56.66 56.72 49.39 10103.38 17700.44 17717.1 15428.41 60949.33
2009 60.79 71.77 55.13 52.21 15780.74 18631.95 14311.43 13552.55 62276.67
2010 53.29 55.51 52.76 46.82 21597.84  22497.63 21385.72 18976.81 84458.00
2011 55.10 75.41 81.34 89.95 10572.89  14470.08 15607.96 17260.74 57911.67
2012 110.69 124.44 90.97 76.00 18169.81 20426.27 14932.32 12475.61 66004.01
2013 77.09 76.24 74.86 81.67 17036.49 16847.17 16542.22 18047.12 68473.00

The table 1 contains the quarterly price and prbdocof maize data at the right and left sectiofshe table
respectively. They are average price and produgi@mints across the seventeen (17) market centhed.deneath
details of the data contained in this table.

Table 2: Descriptive Statistics

Std.
N Range Mean Deviation Skewness Kurtosis
Statistic | Statistic Statistic | Std. Error Statistic Statistic |Std. Error| Statistic |Std. Error
Price 79 123.21 30.2659| 3.31709 29.48293 1.160 271 .584 .535
Production 79| 16570.81(16008.7172| 383.99735( 3413.04306 .556 271 .604 .535
Valid N 79
(listwise)

Table 2 shows the statistic values of the datalitetl which includes range, mean, skewness ogeodlerate),
kurtosis greater than 0 but within the expectedealf 3 and their respective standard errors.

2.1 Continuous time linear Model

When the price of a good i, the linear demand function of price B(p(t)) = a—a p(t); this curve is
generally negatively sloped-decreasing in matherabterm with a and. being positive constants. On the other
hand the linear supply function of price with delayis positively sloped-increasing and is given by
S(p(t)) =b+ Bp(t-1), where b andr are positive constants.

The models performed on the assumptions that, nigigeno equal substitutes and there are no exogeshmeks
needed to generate price fluctuations. The mankes 5 determined by only the available supplpisingle market
and the rate of change of the price is proportigoahe difference between supply and demand. @Failét al.,
1997; Mackey,1989; Anokye et al., 2013).

p'(t) =[D(p(t)) - S(p(1))] 1)

This is a delay differential equation (DDE) thatdébes how the market price changes over tinis.dssumed that
when demand exceeds supply, price rises, and wipplysexceeds demand it falls. It is also assurhatidnly the
market price at time & has an effect on the current supply price so that:

p'(t) = [(a -b)-ap)-Bp(t- r)] ,where t>0, on [0, b], b>0 (2)
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This equation with a single delay like all DDEs anestly solved in a stepwise fashion with a priteipalled the
method of steps: equation (2) would have initiadtion (also known as history function) as p(t)(t defined over
the interval [z, O] and then its solution is mapped onto solutiohsther functions. Thus the solution of this
equation is going to be a mapping from functiongtemninterval [te, t] into functions on the interval [t, t}

[t+7, t+21], etc., from time points t=@, 27,...

In other words, the solutions of this dynamicalteys can be considered as sequence of functigftls pi(t),
pa(1),.... defined over contiguous time interval ehgitht (Roussel, 2005). However, in practice this boupdalue
problem is often solved numerically and in thisdstuMatLab solver dde23 would be used.

2.2 Continuous time non-linear Model

Considering a simple nonlinear delay differentigli@tion (of quadratic form) for the supply functiohprice as,:
S(p(t)) =b+ Bp(t-71)-dp?(t—1)and linear demand function of price BY p(t)) = a—a p(t), where

a, b, o, B andt are positive constants. The supply is assumedctease with increase in price until supply exceeds
demand where the trend changes. We therefore have;

p'(t) = [(a -b)-ap(t)-Bpt-1)+Ip?(t- r)] where,t>0, on [0, b], b>0 (3)

This is simple nonlinear delay differential equatidensen and Urban, 1984) and cannot have an sxation in
practice using an analytical method. Thereforeumerical method is applied using MatLab solver ddeath
history function of p(t) = s(t), ond;0].

3. Results and Discussion

This paper seeks to study the price dynamics ofeniai the context of mathematical modelling usieal economic
data of maize price and production in Ashanti Regi@hana. Modelling of various functions and thgarameter
estimates would be done by the use of SPSS andttkemumerical solution of the delay differentigluation run
using MatLab.

3.1 Preliminary Analysis of Price and Production D#a

The data are checked to correct any errors and3SR&S and MatLab used to verify the stationarystiir both
price and production data sets before formulatigdemand and supply functions of price using ssioa
analysis.
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Figure 1: Time Series plot of price

The above figure shows the time series plot (behayiof price. It indicates that price data is retationary and
also exhibits nonlinearity characteristics in thenf close to quadratic.

3.2 Parameter Estimates
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The following table contains the coefficients of frarameters estimated from the data analyzedh&WNalues are
statistically significant.

Table 2: Coefficients of demand and supply fundion

Standardized

Model Unstandardized Coefficients Coefficients
B Std. Error Beta t sig.
T C
52
1. Price -96.16 20.26 -0.49 -4.75 0.00 g §
a. Dependent Variable: Production b. Linear Regression through the Origin oo
2. Price 354.28 36.89 1.72 9.60 0.00 =
Price**2 -2.78 0.45 -1.10 -6.14 0.00 _%%
3. Price 167.99 43.23 0.42 3.89 0.00
a. Dependent Variable: Production_Lag b. Linear Regression through the Origin

The table 2 above contains the parameter valueiemfand and supply functions. The regression wasedaout
through the origin because in both cases the ieptscwere not statistically significant. It alsontans linear
demand function of price (1), while (2) is parametalues for quadratic supply function of price &3, linear
supply function of price.

3.3 Demand Function of Price

The demand function of price from the table 2 isegibelow with its parameter estimates checkecktstatistically
significant. This function was obtained from pridata of order two (2) differencing and producticatadof order
one (1) differencing.

D(p(t)) =-96.162p ¢ )wherea=0 4)
3.4 Supply Function of Price

Similarly supply functions with time delayare given below. Equation (5) was obtained fromepdata of order
one (1) differencing and production data of ordes {2) differencing. However, equation (6) was afedd with no
order of differencing.

S(p(t)) =167.994p (-7 ) whereb=0 (5)
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S(p(t)) =354.28 (-7 )~ 2.78p°(t—7) whereb=0 (6)

The delayr expresses time that is needed to realise changepply in dependence on trend of price. Thus atirre
production depends on the past price.

3.4.1 Analysis of Linear Model

From equations (4) and (5), the rate of changeioéps given by the following equation, which msthe form of (2)
where 1=1:

1 ' f— — —
mP(t)— P(t)-1.75P ¢ - 1) (7)

This is a delay differential equation which cansbésed using MatLab solver dde23. (7) is dividedIByl62 so as
to make the solution very smooth when it is rune History function is set &(t)=1.23 (initial price from table 1),
when €0, (7) on the interval [0, 100]. By using a numatiapproach, the solution of equation (7) is presein
graphical form (see figure 1) below.

delay diff cobweb model.
1.5 T T

|
P
|

1.5 I | | I | I I I I
o 10 20 30 40 50 60 70 80 90 100

time t

Figure 2: Oscillation of price around equilibrium

It is clear from the figure 2, above that the Solutof equation (7) oscillates and tends to an léxitim price of
zero with time. However, this equilibrium priceusrealistic, due to the fact that producers aresitea towards
price and, moreover, there is insufficiency of feagbply.

3.4.2 Analysis of Nonlinear Model

From equations (4) and (6), the rate of changeioéps given by the following equation, which isthe form of (2)
where t=1:
sim P (t) = ~P(t) - 3.68P ¢ - 1)+ 0.02%° (- 1 ®

Based on same assumption for smoothness of théiosolusing MatLab solver dde23, equation (8) dididey
96.162 and the history function setR{t)=1.23, when<0, and (8) on the interval [0, 100] just as in linear case.
The solution of equation (7) in numerical form regented graphically as follows (see figure 2 b&low
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delay diff cobweb model.
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Figure 3:  Oscillations of price around equililsium

It is clear from the figure 3, above that the Solutof equation (8) oscillates between two (2) &rum (price)
points and would never converge to either equiliriprice due perhaps to inflation, food insuffic@grand/or
producers’ sensitivity towards price.

3.5 Asymmetric effects

Effects of parametet on oscillations are discussed. The phenomenorined tlelayt can suppress or increase
fluctuations of pricdHowroyd and Russel, 1984; Eduardo and Gergely32Piang et. al 2010

delay diff cobweb model.

1.5
1 _
g‘ 0.5 H _
7
-0.5 {1 -
_1 L L L L L L L L L
(o] 10 20 30 40 50 60 70 80 90 100

time t

Figure 4: Oscillation of price equilibrium with delay t < 0.5

The oscillations (fluctuations) are suppressed 0.5 as shown in figure 4jsing equation (8). This indicates that
price would be in stable equilibrium when factoffeeted by time lag in the system are improved.
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delay diff cobweb model.
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Figure 5: Oscillation of price equilibrium with delay t > 0.5

The oscillations (fluctuations) are increased aedoimne asymmetric about the equilibrifion t > 0.5 as shown in
figures 5 and 3using equation (8). This indicates that price won&ler be in stable equilibrium until factors
affected by time lag,such as the time necessary for increasing supplying new inputs, hiring workers or
transporting commodities to market centres, bugdimarehouse and reducing effects of natural constrare
improved(Mackey, 1989). On the contrary, equation (7),zfor0.5, would still be in stable equilibrium.

4. Conclusion

This paper seeks to study the price dynamics ofena Ghana, in the context of mathematical moalgllising a
continuous-time cobweb model derived from lineadt annlinear delay differential functions of priGehe stability
conditions of two cobweb models: continuous-tinmedir and nonlinear models are discussed.

The models performed on the assumptions that, nfegeno equal substitutes and there are no exogesmmcks
needed to generate price fluctuations so that rhgmkee would be determined by only the availahlp@y in a
single market.

From the results of the analysis performed on ##& economic price and production data, using Mattde23
solver, the nonlinear model (formulated from linemand and quadratic supply functions) showedlatons
between and around two equilibrium price points ewdld neither converge with time. The oscillatimiserved
from this solution are realistic and a reflectidnreal market price situation in Ghana. Therefooeaguilibrium
price would be achieved due to producers’ sensititdwards price. Inflation and/or food insuffic®ncan also
contribute to this price instability.

The linear model (formulated from linear demand #ndar supply functions) on the other hand shoite
oscillations and converged to stable zero equilibrprice point which is unrealistic.

Effects of delay parameteron oscillations are also discussed. It is obsethatioscillations (price fluctuations) are
suppressed for< 0.5, using the nonlinear delay equation. This is andation that price fluctuations are reduced, if
and only if, factors affected by time laguch as the time necessary for increasing suppiying new inputs, hiring
workers or transporting commodities to market antrbuilding warehouse and reducing effects of rahtu
constraints on crop yieldgse improved.

On the contrary, the linear delay differential eipra fort > 0.5 ort < 0.5, would still be in stable equilibrium.
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APPENDIX

DDE Code

functionddepricel

%DDEPRICE excercise for DDE23.

% This is cobweb model with delay differentiabatjons (DDES)

% technigue.

% ddeprice are solved on [0, 100] with histors{f) = 1.23,for t <= 0.
% The lags are specified as a vector [1], thayddifferential

% equations are coded in the subfunction DDEPRHEDHE the history is
% evaluated by the function histprice. Becausehiktory is constant it
% could be supplied as a vector:

% sol = dde23(@ddeprice,[1],1.23,[0, 100]);

sol = dde23(@ddeprice,1,@histprice,[0, 100]);

figure;

plot(sol.x,sol.y)

title('delay diff cobweb mode};'

xlabel(time t);

ylabel(solution y);

%
functions = histprice(t)

% Constant history function for ddeprice.
s =(1.23);

%
functiondydt = ddeprice(t,y,Z)

% Delay Differential equations function for DDEPHRIC
ylagl = Z(:,1);

Note: 1 USD is equivalent to GHC 3.13



dydt = -1*y(1)-1.75*ylag1(1);
*The same code used for the nonlinear with few glearin code

Note: 1 USD is equivalent to GHC 3.13



