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Abstract-The risk of non-indigenous pests entering the
UK via international trade in fresh produce is
increasing. Suppliers of fresh produce to UK and EU
multiple retailers are utilising new procurement areas
for fresh produce importation to reduce their costsof
production. The objective of this paper is to iderify
current and future supply sources for UK fresh prodice
importers and examine the extent to which they proide
invasion pathways. The hypothesis that increased
importation of fresh produce from new sources outsie
the EU could increase the risks of non-indigenousests
is tested in a bio-economic model in which the numbef
species detections per unit of imports is a functioof the
number of inspections per unit of imports and county
of origin, while the volume of imports is itself afunction
of the gross domestic product, relative import pries,
policy and seasonality variables. The study has idéfied
clear trends, which show import volumes and pest
species detections increasing from new supply so@s.
The study found that risk of pest species differs
significantly with the country of origin of commaodity. If
this trend should continue in the future, then UK pgant
health inspectors should expect to confront pest spies
in much greater numbers. The results support the cse
for discriminatory policy to use the limited resources
available in a way that will more closely target
inspection efforts on the higher risk trade pathwasg.

Keywords-Quarantine pests, pathways, trade.

[. INTRODUCTION

up new pathwaysfor introductions and the growth of
trade along existing routes is increasing the o§k
introductions [11,12]. One pathway under increasing
scrutiny is the fast growing trade in fresh hortictal
commodities [13,14]. This trade, often transpoibyd
air, has introduced several cryptic quarantine tplan
pests that hide inside fresh produce and packafpng,
example, fruit-fly larvae, Thrips and leafminers]l
Most quarantine plant pests may be regarded as
invasive alien species (IAS), according to the
Convention on Biological Diversity (CBD), as they
are alien to a specified region, and threaten
ecosystems, habitats and other species [16].

This paper examines the potential risks associated
with the increased importation of fresh producearfro
emerging supply sources outside the EU to the UK.
According to Eurostat [17], fruit and vegetable
imports into the UK amounted to €5.0 billion an@ 5.
million tonnes in 2005: More than half of the valfe
the fruit and an increasingly large share (14%)hef
vegetables originated from countries outside the EU
Suppliers of fresh produce to UK and EU multiple
retailers are utilising new growing areas to reduce
their costs of production [18]; for example in cties
such as Morocco, Tunisia, Algeria, Turkey, Egypt,
Ghana and Senegal. There are major grounds for
concern with this approach including issues with
production inexperience, naive supply chain
infrastructure, inadequate plant health inspection
regimes and reduction in the number of approved

The unintentional introduction of non-indigenouschemical pesticides for pest control [15,19,20]efEn
species (NIS) has become a serious global concefi@dy be significant risks of introductions of harinfu
Estimates of damages caused by NIS globallpests and diseases that urgently need to be address

including control costs exceed $314.7 billion peary
[1,2]. Trade is a major driver of introductions NFS

In situations where there is a detrimental risle th
World Trade Organisation (WTO) Agreement on the

[3-8]. The development of new trade routes is apgni application of Sanitary and Phytosanitary (SPS)

! A pathway is ‘any means for pest entry’ [9] anddsnmonly described
using the country of origin, country of import athé commodity [10].
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measures allows national governments to require . METHODOLOGY
appropriate phytosanitary measures in order taeptot

plant health from introduction, establishment and

spread of harmful pests. But for any such measores A. The model and estimation

be taken on plant health grounds, it is necesgsary t

show first the probability that the pest would b®eo  \We modelled the relationship between changes in
established in the importing country, and secorad ththe volumes of imports and arrival rate of speciés.
measures proposed would reduce this probablllt}/ [21 extended the rnode”ing approach provided by
Modelling how the growth of trade affects speciegyicAusland and Costello [25], and Costetipal. [8],
introductions is complicated by the paucity of timemaking use of the following assumptions. We
series on SpeCieS introductions to match the duaila assumed that a Singie Commodity originates from a
time series on trade. However, a number of StUdi@ng|e exporting Country to a Sing|e importing CUyn
have successfully developed empirical modelsarrival’ occurs when trade facilitates transporf o
containing a range of economic (e.g. trade flowsspecies from the exporting country to the importing
GDP), institutional and policy variables (e.g. impo country but the species need not take hold in #we n
duties) for the historical establishment of NIS,23].  |ocation. It was further assumed that the importing
The modelling approach has been further developeguntry uses border inspections to reduce species
by incorporating basic trade forecasts to preditire introductions, where by higher inspection levels ar
rates of biological invasions [24]. More recently,costly but facilitate a higher detections rate.
Costelloet al. [8] developed a model linking exotic | et the random variablg denote the intensity with
species introductions and discoveries to trademe&l \vhich each unit of imported commodities is inspecte
and combined the model with estimates of futurdera in a given time perio(ﬂ_ Also let the random variables
volumes to make region-specific predictions of fatu N, andS denote the number of species that arrive and
invasions by trade partner. Their results sugdest t the number of species that get intercepted resmégti
trade from different regions pose different risk&la in time t. In contrast toS, N, is unobserved [8,12].
that the cumulative number of introductions is g-ollowing Costelloet al. [8], Dalmazzone [22], Vila
concave function of the volumes of imports. and Pujadas [23], Levine and D'Antonio [24], Colstel
This paper incorporates the different modellingand McAusland [26], the arrival rate of speciblg (s

approaches drawn from the published studies. Thgfunction of the volumes of imports (1).
objectives of the study were three fold: (i) toritity N. = f(M ) (1)
t t

current and potential future supply sources for UK

fresh produce importers (i) to examine the ex®nt \yhere:\, is the volumes of import$y1>0, ON >0
which they provide invasion pathways and (iii) to

determine the major trade and economic drivers akflects the potential of imports to transport seec
changes in the volumes of imports of fresh produc&here are no direct observations on the varidle
The paper will test the hypothesis that increaselihe observed variable is the number of species
importation of fresh produce from countries outsideletections §), which can be expressed in cumulative
the EU could increase the likelihood of introduntiaf  form [8] as in Equation (2).

non-indigenous pests in the UK. The results may be t

useful to develop future trade policies that will S =) s(t) )
minimise the chances of ‘contaminated’ commodities _ =1 _
arriving in the UK in the first instance. Where: the variablg(t) is the number of species that
The rest of the paper is organised as follows'® detected in time)( and the cumulative number of
Section Il describes the modelling approachSPecies detectionsy] is obtained by summation (2).
estimation and data sources. Empirical results afut the number of species detections depends on a
reported and discussed in section Ill. Section Mumber of endogenous factors not least of which
concludes the paper. include the detection effort( and volumes of imports

(My) [12,14, 27] as in Equation (3).
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S = f(lt'Mt) (3) Eurrency. T_he exlclzhange rate was introduced indiyre_ct
L . . . y expressing all prices in common currency units.
Wheretl is a non-negative quantit (= 0), § will The relative price ratio adjusted for the excharaje
change due to a change ip even if M; remains gives a measure of the real exchange rate [32)].i§(t
constant§ may change due to a changeMp even if g time trend (with values 0-1 for each quarter) to
I, remains constant. However, M; changes): will  capture the effect of seasonality on import volumes
also likely change, such that an increase in the
volumes of imports will likely lead to an increase Equations (4) and (5) show import volumes of fresh
the detection effort and vice-versa. The variables produce affecting arrival and detection rates of
andl, are therefore likely to be highly co-linear in thespecies, and itself being affected by the GDP ef th
model. Thus one needs to control for the changes jmporting country, relative import prices, policyich
the volume of imports in the modelling. seasonality variables. There are two hypotheses tha
Equation (3) needs to be adjusted to allow for gan be jointly tested. The first hypothesis repnese
multiple country of origin scenario, in which the model of the determination of species detectiorts an
variablesS, I; andM; can change with each country ofthe second hypothesis represents a model of the
origin. To determine the relative rates of speciegetermination of import volumes of fresh produce.
detections between different countries of originl&sh The two equations can be brought together to give a
at the same time controlling for changes in theiw®  bigger model as in Equations (6) and (7) where the
of imports, one would model the number of dete&ion|og-linear functional form specification is usedhel
per unit (tonne) of imports (i.e. detection rate) @& |og-linear form is the most widely used functional
function of the number of inspections per tonne oform in empirical studies of import demand
imports (i.e. intensity of inspections), introdugim [28,29,30,33]. The estimated coefficients give dlise
dummy variable for each country of origin to allfov  the relevant elasticity coefficients. This spegifion

the change in the intercept, as in Equation (4). has the added advantage of reducing the problem of
heteroskedasticity in empirical studies [34].
L P
%= f(M_”’d(l)j (4 InM, =a, +a,InY, +a2In(Fm) +ajt+e (6)
it it d /¢

i S . . . i=n
Where: (A/I )n is the rate of species detections anqn(éj -5, +131|n(|\l/|_j +3 8,d, +u, @
it it i=1

(%/I )_t is the intensity of inspections, and the dummy
I

variable () is used to represent each country of originwhere: In stands for the natural logarithms of the
(i=1, ..ncountries) included in the model. relevant variablesy;-o, are elasticity coefficients with
But from econometric investigations of importrespect to the relevant variables in Equation ¢§)s
demand, the volume of imports is itself a functan the intercept term, and is the error term with its
the real incomes of the importing country, measuregassical properties. In Equation (B} is a constant,
by the Gross Domestic Product (GDP), import price3, measures the rate at which the number of species
domestic prices, exchange rates, tariffs and a dumnyetections per tonne of imports increases with the
variable is usually introduced to account for urlisu jntensity of inspection and is the error term with the
periods such as devaluations, policy changes anga| properties. We assume a single commodity and
seasonality [28-31], as in Equation (5). use the dummy variable] to represent the country of
origin (i =1, ...n), By effectively are proxy estimates
M, = f[\ﬂ(&j 'T(t)J (5) forgthe(detection) rgte for each )éountrg)/ of grigin.
t The a priori sign expectations are as follows. The
Where:Y, is the real GDP in timg P, is import prices impact of the first two explanatory variables in
and Py is domestic prices both measured in the santéquation (6) is derived from the theory of demand

d
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[28]. Following the standard demand theory, thesquares (FGLS) estimation with an AR (1) structure,
coefficient of real income (y) is expected to take employing STATA. This method allows for robust
positive sign ¢1>0) and the relative price to have aestimation in the presence of cross-sectional
negative sign o2<0). In Equation (7), the marginal correlation and heteroskedasticity in the data.

rate of species detections is expected to incredtbe

the intensity of inspectiong3£>0). The signs of the

intercept dummy variables should vary with eaclC. Data

country of origin, so no hypothesis is given.

We used historical dataset that comprised plant
o health and trade variables. Plant health data dsegpr
B. The empirical framework phytosanitary inspections and interceptions. Data o
phytosanitary inspections were obtained from the
Equation (6) could be estimated using the standaflant Health and Seeds Inspectorate (PHSI), wisich i
OLS regression if the variables are stationary tied the agency responsible for inhibiting the introduet
error term €) is uncorrelated and homoskedasticof quarantine plant pests into the UK. PHSI import
However, if the variables are non-stationary inirthe inspections generally focus on pathways that &edyli
levels, the standard OLS regression method could transport harmful pests. All major fruit, cubwers,
become inappropriate because the ‘t" and ‘F’ testy  potatoes and some leafy vegetables are currestgdli
give misleading results [35]. More significantihet in the EU Plant Health Directive 2000/29/EC [42] as
estimated coefficients could be ‘spurious’ [36].this  ‘plant health controlled’ imports, meaning that ythe
case, one would need to apply cointegratioman present some risk but the risk is mitigated if
techniques to estimate Equation (6). The followingriteria set out in the plant health directive amet,
two well-known and widely used techniques weresuch as being examined before export to ensure
used to examine the time series properties of tHeeedom from quarantine pests. If the conditions ar
variables; (a) the Augmented Dickey-Fuller (ADF)met, a phytosanitary certificate can be issuedhay t
test and (b) the Phillips-Perron (PP) test [37,38]. plant protection service of the exporting countoy t
If the variables were found to be non-stationang o show that the commodity meets the plant health
would then proceed to apply cointegration techrsquerequirements of the importing country [9].
as follows: (i) determining the order of integratiof These commodities that require a phytosanitary
the variables using the ADF and PP unit-root t€g}s, certificate are regularly inspected by the PHSI and
if the variables are integrated of the same orthex, suspect plant pests that are intercepted are siglmit
Johansen-Juselius (JJ) [39-41] maximum likelihoodo the Central Science Laboratory (CSL) for
method of cointegration is applied to obtain thddentification. Data pertaining to each inspecteme
number of cointegrating vectors (r), and (iii) Hiet held in a PHSI import database. The data consfsts o
variables are cointegrated, an error correction ghodabout 8 variables including (i) a unigue reference
(ECM) can be specified and estimated using standaotde, (ii) date of inspections, (iii) place of iestions,
methods and diagnostic tests. Since this technigjue (iv) genus and (v) species of plant product inspect
widely known in the literature, the methodologynst  (vi) country of origin, (vii) pest taxonomic idetytiand
again repeated due to space limitation. The engbiric(viii) the plant pest status of organisms detected.
analyses that follow were performed using twdnspections data for the period 1996-2007 were
econometric software programs: Econometric Viewslownloaded from the import inspections database. Th
(EVIEWS) (Quantitative Microfit Software) and data were imported into an Excel spreadsheet and
STATA (StataCorp LP, College Station, Texas). intensively examined to correct for entry,
Equation (7) could be estimated using the standatgipographical errors and missing values.
OLS regression method but one needs to control for The historical trade data comprised domestic
heteroskedasticity and correlations across thelganeproduction, imports and the total market volume of
We therefore used the feasible generalised leasesh fruit and vegetables in the UK for the period
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1988-2007. Volumes and values of imports of fresi992-2006, UK production of fruit and vegetables
fruit and vegetables were obtained from HM Revenushowed an overall downward trend. Conversely, there
& Customs via Defra statistics. The data werds a clear upward trend in the volumes of impoifts o
disaggregated by commodity and country of originfresh fruit and vegetables in the UK (Fig. 1).
Data on the domestic production and total market
volume and value of fresh fruit and vegetables wer
obtained from Defra statistics online. Data on the
UK's GDP were downloaded from the Office of 8- o
National Statistics online. Data on the price of —
domestically produced substitutes are simply nc |
available, and researchers have tended to use @ m
general domestic price index [43]. Consumer Pric
Index (CPI) data for fresh fruit and vegetables ever
obtained from the Office of National Statistics. 4
Finally, only pathways with significant trade
volumes and which transport relatively large nuraber

Million tonnes

of species Y = 40) were included in the final analysis 2 j.llll
. .. . - 88 90 92 94 96 98 00 02 04 06
in order to ensure sufficient variability to allofer Year

statistical analyses. The selected countries we [COMARKET B PRODUCTION B8 IMPORTS |

Morocco, Turkey, Egypt, South Africa, Kenya, Ghana,

Zimbabwe and Zambia. The full dataset therefore

included quarterly observations for 4 major Fig. 1: UK’s domestic production, imports and total
commodities for the 8 countries during the periodmarket volume of fresh fruit and vegetables (1988{06)
from the first quarter of 1996 through to the fdburt Source: Defra Statistics

quarter of 2007, giving a total of 1408 observagion

[ll. RESULTS AND DISCUSSION 160,000

140,000

120,000

A.Descriptive analysis

100,000

80,000

This section describes the trends in the volumes «
imports and the associated economic drivers. Figure
suggests an upward trend in the total market voloime
fresh fruit and vegetables. Since 1996, the mark
volume has grown by over 1.2 million tonnes or som:
16.8%. This partly reflects increased consume
demand for convenience and ‘healthier foods’ (B.g.

60,000

Trade volumes (tonnes)

40,000

20,000

04

CAMEROON eee@eEGYPT e=p=e GHANA |

portions a day). A closer look at figure 1 revethis =omeKENYA  ==o==MOROCCO === TURKEY

market still has potential for further expansioromder

to meet consumption targets. If the entire UK

population were to eat the recommended 5 portions Fig. 2: UK’s volumes of imports of fresh produce by
per day, actual consumption should be in the regfon selected countries of origins (1988-2006)

8.8 million tonnes. However, the domestic producttio  source: Defra statistics

Is far smaller than consumption and seems to ke in

gradual long-term decline. Over the 15 years from
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Table 1: Historical data summarised by selected
countries of origin (1996-2006)

Figure 2 shows the UK’s volume of imports of fresh
fruit and vegetables disaggregated by selected
countries of origin. There is a general trend of

increasing volumes of trade from across the salectéountry of  Total No. of  Total No. of  Rate of
tries. High arowth rates were particularly evitl origin inspections __detections detection
countries. High g P y Ghana 2,672 684 0.368
from Cameroon, Egypt, Turkey and Kenya. Thesgyrkey 1,036 91 0.134
high growth rates can be attributed to the comimnat S. Africa 2,877 244 0.127
of global market conditions, international policisd ge”f} 7:35%2 7% %-ﬁg
: H H : ambpia .
|nst|tu_t|ons, deman_d for year-ro_und supply, redarcti Zimbabwe 1,583 124 0.119
pf tariffs and spgual preferentlal access agreésnen gy 8,785 281 0.076
improvements in production and post-harvesiorocco 1,166 38 0.048
technologies especially availability of internatbn _Total 26,000 2,253 0.087

Notes: Countries of origins are listed in ordettaf rate of detections.

cold chain logistics [44-46]. These trends are galhe
expected to continue into the future.

The increasing volumes of imports of fresh produc&able 2: Taxonomic details of the most frequently
resulted in a large number of pest detections @ apl detected species by country of origin (1996-2006)
There were a total of 2,253 pest species interwegti ~co;ny
of which 32.0% originated from Kenya, 30.4% fromof origin
Ghana, 12.5% from Egypt, 10.8% from S. Africa andshana
14.3% from the remainder of the selected countries.
However, the detection effort appears to have beednya
skewed and not evenly distributed among the salecte
countries. The most inspections occurred on impor

Taxonomic details of intercepted pests

“Thrips (77), Bemisia tabaci (72), Liriomyza (24), Thrips
palmi (16), Tephritidae (15),Aleyrodicus dispersus (13),
“Frankliniella occidentalis (6)

“Liriomyza (142),Helicoverpa (79), Thripidae (33),Thrips
(20), Frankliniella occidentalis (9)

"Ralstonia solanacearum (75), Aonidiella (28), Parlatoria

from Egypt (33.8%), Kenya (28.2%), S. Africazimbabwe
(11.1%) and Ghana (10.3%). We found a high positivsI
correlation (R>0.80) between volumes of imports and orocco
the number of inspections, and this confirms thatambia
inspections tend to increase with the volumes of- Africa

(25), Helicoverpa (7) Liriomyza (5)

“Liriomyza (45), Helicoverpa (29), Aonidiella (4), “Thrips
(3), ‘Bemisia tabaci (2)

“Liriomyza (4), ‘Bemisia tabaci (2), “Thrips (2), Aonidiella
(2),

Helicoverpa (37), Liriomyza (17), Thrips (3)

Aonidiella (56), Liriomyza (6), Helicoverpa (6)

Turkey

. . . o Aonidiella (19), Parlatoria (5), "Liriomyza (2)

'mpf)rts' The hl_ghe_St rate of peSt dISCOVGI‘y OC‘ni'lrl_F"Notes:*Quaramtine pests of major economic significance

on imports originating from Ghana where a species

was detected on average every 3 inspections, wiele

lowest rate of species discovery occurred on in$porig, tationarity and cointegration test results

originating from Morocco where a species was

detected on average every 21 Inspections. This The ADF test procedure was performed first by

_suggests_that Fhe relative rates (.)f. contamination %xamining the optimal lag lengths using Akaike’s

e e o orte i o the modfloalln. Creron () 'and the Sciviar
P formation Criterion (SIC), before proceeding to

frequently detected pests. Put another way, Table. : . .

S . . identify the probable order of stationarity. Theuls

indicates the relative importance of the selecte

countries of origin as ‘pest donors’ [12] in terofshe f the tests for all the variables and for the two
9 pest . lternative models are summarised in Talefigst
number and taxonomic richness of the mtercepte?i

pests. The most frequently intercepted genera we or their logarithmic levels and then (in cases khe

Liriomyza and Thrips, which together accounted for We found a unit root) for their first differenceBhe
about 17% of the total detections. Ghana, Kenya anr8SUItS indicate that the null hypothesis of a umit is

) . accepted for each of the series when the variabkes
Zimbabwe together accounted for largest diversfty o, .. .
: : defined in levels. Results show that a number of
recognised EU quarantine pests.

2 Data used in the analysis is aggregated for dgs@sentation.
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lagged dependent variables were required to erssurestatistics, there appears to exist at most one
‘white noise’ error term. However, first-differemgj  cointegrating vector involving the specified vategh

the series removes the non-stationary components inAn alternative test that has greater power than the
all cases and the null hypothesis of a unit root iface test is the maximal eigenvalue test [39].19 &b
robustly rejected at the 5% level of significancepresents results of the sequential testing proeedur
indicating all the variables are integrated of oralee.  which at both the 5% and 1% levels of significance
confirms the existence of a unique cointegrating
vector. Therefore, based on the results of botis,téds

Table 3: ADF unit root test results . . L
appears there is at most one statistically sicgnitic

Variable  Level/ Constant _Constant Kk _cointggratipg vector invoIvirjg thg three_ variab]es
Firstdiff.  Notrend  Trend identified in the model. This unique cointegrating
Ln (M) Level -0.42 -2.04 3 vector is reported in Table 6, which gives coeéiti
First diff.  -13.19 -12.90 2 estimates normalised on the volume of imports.
Ln (P) Level -2.21 -1.49 3
First diff. -8.36 -9.34 2
Ln (Y) Level -1.06 -2.28 2 Table 4: Trace test for cointegrating vectors
First diff. -5.06 -5.19 -
Notes:” Denotes significance at the 5% level and the tiejeof the Null - — —
hypothesis of non-stationarity. Critical valuesabed from Fuller [47] are Hypothesised Tra(.:e. 5% Critical 1% Critical
—2.89 and -3.47 for the first and second modelaetsgely. No. of CE (s) _statistics Value Value
r=0 44.28 29.68 35.65
. - < 5
Because results from the alternative Phlllps-Perro?E% g'g 153'4716 206035

test are not fundamentally different from theotes: the trace statistics are asymptoticglly(n) variates under HiThe

respective ADF results, they are not reported due tR tests that the number of cointegrating vecto)rsis(a(tjpost esqual tor.
T AR The sequential testing stops whep dannot be rejected? and™ denote

Space limitations. We concluded that all variabfes rejection of H at the 5% (1%) levels of significance respectively

the model should be treated as I(1), and procetmed

use the Johansen cointegration technique to uncover . . _ _

the appropriate long-run relationships. Table 5: Cointegration test: maximal eigenvalue tds

. Before .undertakmg the comtegratlor_l tests, Onetml"’]cflypothesised Max-Eigen 5% Critical 1% Critical
first specify the number of lags to include for they, o ci(s)

: . statistic Value Value
underlying Vector Autoregression (VAR), such that =9 37.0136 20.97 2552
the residuals become uncorrelated and homoskedastie 1 7.26241" 14.07 18.63
The Akaike’s Information Criterion (AIC) and the =2 0.0034 3.76 6.65

: P otes: The test statistics are asymptoticafn) variates under ¢4 The
Schwarz Information Criterion (SIC) are used tosNequential testing stops when &hnnot be rejected. THé and™ denote

determine the appropriate lag order for the und@gly rejection of H at the 5% (1%) levels of significance respectively
VAR. We used two lags (k=2 quarters) for this model
because bOth.the AI(? 'anc'l SIC tests choose two Iaglsalble 6: Estimates of long-run cointegrating vector
Based on this specification, Table 4 presents the

results of the trace test derived from the Johansgi v Ln (Y) Ln (P) Constant
maximum likelihood procedure. To implement this1.0000 1.1247 -0.3975 2.2687
test, one would then proceed sequentially by first (0.0715) (0.1036)

testing the null hypothesis of zero cointegrating [15.7346] _ [-3.7493]

. Notes: (). The long- ilibrium relationshp i
vectors (H: r < 0). If Hy was rejected, one would test |r$(:,|s)(2 1_1Z|E?$)m_ngggfnz';;lrezzmns P

for one or more cointegrating vectors<(rl) and SO ) (standard errors); [t-statistics ].

on, until the null hypothesis cannot be rejected. A

both 5% and 1% significance levels, the null |dentification of the parameters in the cointegmgti
hypothesis of zero cointegrating vectors is strpnglequation was achieved by constraining some of them
rejected, while the hypothesis of one or moreo be fixed, and fixed parameters do not have stahd
cointegrating vectors is not. According to the éracerrors. In this case, the coefficient on the voluofie
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imports has been normalised to 1, so its standaod e C. The rate of pest species detections
is missing. The constant terms was also backed out
from Other estimates. The Coeﬁ|C|entS on I‘ea| GDP The estimated Coefﬁcients from the regressions Of

and relative import price in the cointegrating €2 the rate of species detections on the intensity of
are both statistically significant. The analysiggests inspections are given in Table 8 and Table 9. The
that (a) the major long-run determinant of the UK'sesylts show pooled regressions by selected fndt a
volumes of imports of fresh produce is the real GDRegetable imports. We used categorical variables to
with estimated income elasticity of 1.1, and (bkepresent each country of origin, and allowed for
changes in the price of imports of fresh producnteraction terms between intensity of inspectiand
relative to the price of domestic substitutes app@®  country of origin. Looking at Table 8, both models
have a moderate impact on the UK’s volumes of fresgere ~ statistically significant according to the
produce imports in the long-run with, with an|jkelihood Ratio (LR)y® statistic, and the explanatory
estimated long-run price elasticity of only —0.39. variables took the expected positive signs and were
The short-run dynamics are reported in Table 7. Th&atistically significant (p<0.01). An increase fine
real GDP (lagged four quarters or a year), realoimp intensity of inspections increases the rate of isgec
prices (lagged one quarter) and the volume of ifSpordetections, assuming other factors are constant.
(lagged one quarter) have emerged as the majpiowever, it is important to note how the interptieta
determinants of the import demand function. Thgf the coefficients changes in the presence of
estimated coefficient of the error-correction tein jnteraction terms. The presence of significant
statistically ~ significant  (p<0.05) and with the jpteraction terms implies the relationship betwéen

appropriate sign. This suggests the validity obrgt  intensity of inspections and rate of species dietest
run equilibrium relationship among the variablesha depend on the country of origin.

model. The estimated coefficient value of -0.79
implies rapid adjustment towards equilibrium.
Diagnostic tesfs statistics show no evidence of
misspecification of functional form, no serial
correlation, nor any problems of heteroskedasticity

Table 8: Estimations of the rate of pest species
detections on vegetable imports (1996-2006)

Parameter estimates Leguminous  Other
vegetables vegetables

Table 7: Estimated error-correction model Intensity of inspections © 83)7188)1 (8'8?3;)

_ — — Inspections*Kenya 0.1868 0.5143
Parameter estimates Coefficients t-statistics (0.0481§" (0.07745"
Constant 0.024 0.659 Inspections*Zimbabwe 0.2313 0.2165
Aln M (-1) 0.557 2.793 (0.0592§" (0.0733"
AlnY(-4) 4.141 3.999 Inspections*Zambia 0.4663 -
Aln P(-1) -0.136 -1.81 (0.0629§"
Error correction term -0.788 -4.283 Inspections*Ghana . 0.6819
Adjusted R 0.722 (0.0883§"
Log likelihood 66.82 Constant 0.0257 0.1163
F-statistics 17.23 (0.0149) (0.0388§"
AIC -2.614 Wald y? value 135.8% 276.15
SIc - -2.293 No. of obs 176 176
Serial c.orrelzatlonx () 5.61 Notes: Other vegetables include aubergines, peppeians etc
Normality: x“ (3) 5.17 Legend: coefficient/ (s.e},p<0.1,” p<0.05,"" p<0.01.

Heteroskedasticity®(1)  0.344

Notes: The error correction term is the first ldgthe residuals from the

cointegrating equation, Consider the legumes model, where the overall

interaction effect is significanty{£135.83, p<0.01).
This implies that the regression lines for the 4
countries of origin differ significantly. Egypt wa

3 The diagnostic tests include LM test for autodatiens, Jargue-Bera specified as the baseline country of origin in the
(JB) test for non-normality, Goldfeld-Quandt test fieteroskedasticity.
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model. Therefore the coefficients of the interactio was significantly higher from Egypt and Turkey
terms measure the rate of species detectionsveslati relative to S. Africa. However, note that the cimiéit
that of Egypt. All the interaction terms wereof S. Africa (0.0347, p<0.05) is statistically @ifént
significant (p<0.01), indicating that the rate pesies from zero (Table 9). For the miscellaneous fruie t
detections and consequently the risks wereverall model, explanatory variables and interactio
significantly higher from Zambia, Zimbabwe andterms were also statistically significant (p<0.01),
Kenya relative to Egypt. Consider the other vegetab which means the rate of species detections was
model, where the overall model and interactionatffe significantly higher from Ghana (0.236, p<0.01)
were statistically significant x{=276.15, p<0.01). relative to S. Africa (Table 9). But the coefficieior
Once again, the rate of species detections andbboss S. Africa is statistically significant compared zero
risk differed significantly with the country of @in. (0.2724, p<0.01). The implications are that insjoest
The significant coefficients of the interactionsane effort could be increased to target fruit imports
the rate of species detections was significantijhéi  originating from Egypt, Ghana and Turkey but
from Ghana, Kenya and Zimbabwe (in that orderjeducing inspection effort on fruit imports from S.
relative to Egypt (Table 8). These results suggest Africa would increase the risks of pest species.
inspection effort can be increased for these c@msitr These results clearly suggest that the risk from
but also reduced on imports from Egypt withoutimports is not equal but vary significantly witheth
necessarily increasing the risks of pest species. country of origin. What explains the differencesisk

of pests and diseases between exporting countries?

Table 9: Estimations of the rate of pest species There are a number of factors to consider. Firstig,

detections on fruit imports (1996-2006) nL_meer of s_pecies that can poter_1tia||y bg tran_eport
will vary with each source region, which simply
Parameter estimates Citrus Miscellaneous reflects differences in the size of the specied [®)o
fruits Secondly, the differences may be related to the
Intensity of inspections 0.0347 0.2724 production and supply chain infrastructure at the
Inspections Egypt (O'Oééf?l 50'04783 origin. In. this r_ega'\rd', developing co_untries a!kely
(0.08385" to face difficulties in implementing high level smy
Inspections*Turkey 0.1207 - and phytosanitary standards [20, 48]. The devetppin
(0.0586) country context is one which is characterised bhyeaa
Inspections*Ghana - 0.2363 production systems, which are dominated by
Constant 0.0136 fg:ggi? smallholder producers, highly fragmented supply
(0.0072§ (0.0029) chains, lack of technical and human investments and
Waldy? value 63.26° 105.22" weak communications infrastructure [49]. Most
No. of obs 132 88 developing countries lag in their capacity for effiee

Notes: coefficient/ (s.error),p<0.1,” p<0.05," p<0.01. . .
Miscellaneous fruits under EU product classificatimclude mangoes, export inspections and control [20]'

passion fruit, avocados, figs, kiwi fruit, melopspaya and pineapples. Thirdly, there may be differences in pest pressures
_ ) _ _ which are caused by bio-geographical factors that
For the citrus and miscellaneous fruit, S. Africasw jnflyence the variations in insect pest activit@Jftfor
used as the baseline country of origin for comparis gxample the wetter and more humid conditions in
(Table 9). Thus, the coefficients of the interactio some tropical countries may make it more difficolt
terms measure the rate .of species dgtecﬂonsvmllaﬂ control insect pests at source [11]. Even of more
that of S. Africa. Looking at the citrus model, thegjgnificance are the recent changes in EU pesticide
overall model, explanatory \_/erablzes and interactio reqyations, which have limited the options to coht
effects were statistically significant’€63.3, p<0.01). potential pests and diseases at source [19]. Réaith
An increase in the intensity of inspections iNCE=as risks from imports are therefore a function of a
the rate of species detectiousteris paribus. But the  nymper of endogenous variables including soil ayali

significant coefficienf[s of the i_nteraction termnapily geographical area, agricultural techniques, mainigor
that the rate of species detections and perhapssthe
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procedures and quarantine and pest control measuregported fresh produce in the UK. The rates of
adopted. A recent study to examine factors thaletections of pest species were estimated for wsirio
determine the rejection probability of imported -cut countries of origin. We also employed advanced
flowers in the Netherlands concluded that theointegration analysis to uncover the major long-ru
geographical position of the exporting country, tharivers of the volumes of imports of fresh produce.
characteristics of the importing company, the site The major findings indicate a general trend of
imported shipments, and the intended use of thecreasing volumes of imports from emerging and
commodity were significant variables on whichexisting supply sources. Cointegration results show
shipments were targeted for inspections [50]. clearly that demand for fresh produce imports is
But what is the actual risk from importing pests orstrongly dominated by the real GDP and relative
produce? Historically, the risk was not consideted import price. These results are consistent withhbot
be serious since there was no clear pathway ewgablisconomic theory and the empirical literature. Ineom
the pests to get to UK places of crop productioask  elasticity of demand was found to be very high,
produce is purchased relatively quickly from refesl indicating that the volume of imports of fresh puod
and effectively destroyed through consumption. Thisvill increase more than proportionally with higher
was considered to severely limit the probability ofincomes. The coefficient of the relative price aate
pests becoming established. However, with the yeawas inelastic. This suggests that fresh produceitap
round demand for a large variety of fresh produceare less sensitive to import price changes. This
suppliers increasingly source produce from overteas approach allows prediction of potential inflows of
supplement or combine with domestic productioncommaodities from a humber of economic scenarios.
Bringing imported produce carrying pests in close Results further show that the increasing volumes of
proximity to UK growing crops could provide a clearimports resulted in a large number of pest speWiés.
pathway for new pests to enter and potentiallfjound that the rate of species detections and Ipigssi
establish [51]. There have been some outbreaks tife risk vary significantly with the country of gim.
quarantine pests but it is difficult to link specitases This may be attributed to differences in the prdidunc
to contaminated imports because of the time lagend supply chain infrastructures, export inspection
between import and detection of the outbreaks. regimes and bio-geographical factors at origin. yéen
Given that arrival and entry are merely the firsand Ghana appear to be major sources of recognised
steps in the invasion process, non-indigenous pedid) quarantine pest species, together accounting for
could also be challenged by environmental factorgpproximately 60% of the total pest detections from
which must be overcome if the species are to becontiee selected countries. Volumes of imports have
established [7,52]. Estimates of establishmensrafe increased significantly over the past 15 yearsh wit
accidentally introduced species are very low ragginnew countries entering the supply chain. If thentt
from 2% [53] to 10% [52]. But a recent publicationshould continue in the future, then UK plant health
predicted that with an establishment rate of o, 2 inspectors can expect to confront species fromethes
42 new species of non-indigenous insects trangporteountries in much greater numbers and cases.
to the US in cargo might have become established These results have important implications for the
between 1997 and 2001 [27]. Whether this is true aronduct of UK plant health policy to protect agains
not remains an open question but it is clear that t introductions of non-indigenous pests. The results
true risk of establishment of NIS via different thehighlight the need for increased phytosanitary
pathways is highly dynamic and often surroundea by inspections in the UK but more especially at the
high degree of uncertainty. country of origin. PHSI should continue to inspect
commodities such as citrus, pineapple, melon and
other fruits regularly. Aubergine, legumes, peppers
IV. CONCLUSIONS and leafy vegetables are also likely to transpanibsis
plant pests to the UK and should be inspected

~ This study was conducted to assess the potentigbquently. But future plant-health policies should
risks from current and future procurement optiohs o
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focus more on actions that minimise the chances aftrus imports does not mean a high risk becausasci
importing contaminated commodities by being morés not commercially produced in the UK. Neverths|es
actively involved with exporting countries. Suchthe UK has an obligation to other EU countries that
policies would facilitate trade and reduce inspei have commercial citrus production. Limitations
costs, as they would help exporting countries tadse notwithstanding, this paper represents a significan
less of the contaminated material to the UK. Thattempt to model changes in supply sources in
results from this study clearly support the case faesponse to economic factors and quantify the
discriminatory policy to use the limited resourcedikelihood of arrival and entry of non-indigenoussps
available in a way that will more closely targetvia the international trade in fresh produce froewn
inspections on the higher risk trade pathwayssupply sources outside the EU, by the country of
Inspection efforts should focus on identifying andorigin, the key criterion for discriminatory policy
targeting pathways carrying large numbers of pests.

We acknowledge some limitations in the data used
in the study before concluding. The commodities
targeted for inspections and inspection protocols ACKNOWLEDGEMENTS
evolve with time, depending on the pest or
commodities of concern to the PHSI at a given time. We are indebted to Defra Seed Corn for funding the
High-risk commodities that are associated wittstudy. We thank PHSI for inspections data and Defra
guarantine pests may receive extra inspectiongade unit for trade data. We are grateful to Carol
perhaps increasing the proportion of pests inteéeckp McAusland for the useful suggestions with the model
on such commodities compared to a purely randomnd Alyson Colyer for helping with the statistics.
process. Another limitation arises from the faatth Julian Smith and Richard Baker are thanked forrthei
pathways with large numbers of species detectiort®lpful feedback on earlier drafts of this paper.
may not necessarily present the most risk. For
example, a high rate of detections of pest spemnes
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