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1. Introduction

This report describes the statistical modelling framework developed under Darwin Initiative Project

17020 AEnhancing the Elephant Trade I nformation |
statistical modelling iso use records of illegal ivory seiees in the Elephant Trade information

System (ETIS}o produce quantitative summaries of levels and trends in the illegal ivoryfarade

reporting to the Convention for International Trade in Endangered Species of Wild Fauna and Flora

(CITES).

In this report we describe the underlying concepts underpinning the modelling fram@&eation 2)

the characteristics of the dd@ection 3)and the modelae havedevelopedSection 4) Although the
statistical modelling is complex our aim is to produce sirplécators of the trade for reporting.

Here we present the Transactions Index (T1) and Weights Index (WI) that describe the number and
total weight of illegal ivory transactions. These and other derived variables (Section 5) were used to
present result® CITES 18 Conference of the Parties (Milliken et al 2082 in a rapid response

assessment of the African Elephant crisis (UNEP et al 2013)

1.1 Conceptual Framework

The statistical challenge with illegal ivory seizures data is that countriesidiffezir ability to make

and report seizures and these differences are not directly measurable. Hence simple summaries of
illegal ivory seizures data will be biased. For example two countries may report the same number of
illegal ivory seizures to ETIS iany one yeasuggesting that they have similar levels of illegal ivory
activity in their countryln factcountry A may have very good law enforcement and so seize a large
proportion of illegal ivory shipments that pass through the country. In addition, this country may also
have the resources to ensure that all such seizures are rep&Td8.ttn compariso, country B may

have very poor law enforcement so that only a very small proportion of illegal ivory shipments that
pass through the country are seized. Furthermore the person responsible for reporting these seizures to
ETIS may have so many other comneims that they do not report many of these seizures to ETIS.
Thus, there is much more illegal ivory trade activity in country B than in country A but a simple

summary of the number of reported seizures by each codmdiy/not demonstrate this



Our modellhg framework identifies proxy variables that account for some of the differences in
reporting and seizure rates between countries and over time. From this we calculadiguistasl and
smoothed estimates of illegal ivory trade activitye describe methadgyenerically but when

necessary illustrate with the decisions madelferanalysis presented to CoP16dékcribing trends

in the illegal ivory trade from 1996 to 2011.

2. Data

The maincomponenbf ETIS is the database of illegal ivory seizure recordsrteg by CITES
Management Authorities or other organisations. ETIS also holds subsidiathalagat likely to be
useful for modellingor analysipurposesThe subsidiary variables are mainly indicators of
governance, economic and social developmentameénforcement, mostly obtained from secondary

sources

2.1 Reported Seizures Data

ETIS contains an ever increasing number of records of reported ivory seizures, starting from 1989. To
include a seizure in the analysis presented here data on the fglibevits must be recorded: the year

in which the seizure was made; the country that made the seizure; the quantity of raw ivory (tusks or
part tusks) in kilogrammes or number of pieces; the quantity of worked ivory (carved araseed

pieces) in kilograime or number of pieces. The weights of seizures can vary greatly in size from, for
examplethe lock of a necklace weighing 0.5&8ga shipment containingeveratonnes of raw ivory.

We would not expect the countries through which these twodr#eyent shipments pass to be the

same and the changes in trade routes over time may also differ. Hence we want to ensure that our
modelling captures the differences between large and small seizures and those of raw and of worked

ivory.

About half of theETIS records report the weight of the ivoly be able to compare weights of
worked and raw ivory seizures all worked ivory weights are divided by 0.7 to account for an average
30%wastageof ivory in the carving proces#/flliken, 1989). The remaining reords record the

number of pieces of ivory, but not the ivory weight. The weights for these data were estimated from



the number of pieces using a model described in the Methods settiemprecision of the estimate
weightsis low because of data varility. Furthermore the recorded weights for many of the large
seizures are only rough estimates o r e x a mp | e’ bBchuseuthie authoritias enay ot have
the means to weigh the consignment. Hence in our analysis we used weight classes rather than
weights and our weights model was used to assign seizures to broad weight categories. These
categories, representing raw and worked ivory separately, are: less than 10kg (small), 10kg to less

than 100kg (medium), and 100kg or more (large).

2.2 Data Selection

In addition to reporting the country in which the seizure was nmaaley records also report the

countries through which the shipment passed or was destined for, thus implicating other countries in
the reported seizures. Some countries contributéslth the overall trade because they made or were
implicated in very few seizures in totébr example only one or two seizures in 16 yearseizures
totalling only a small weightOther countries may have reported very few seizures themselves but
been implicated in many seizures made by other countries suggesting that these quatetniesly

play a major role in the trade.

The purpose of our analysis is to identify trends and countries that play a major role in the trade, and a
principal objeadtve of the bias adjustment is to correct for countries that report few seizures

themselves but are heavily involved in the tradée thereforechose taeselect all countries thatet at

least one of two criterievhich we illustrate with the 16 years of data from 1996 to 20 they had

made or were implicated in kgast 30seizures in total over the 16 years; (2) they had made or were
implicated in seizures with total weight of at least 3Q@kger the 16 gar periodusing the estimated

weight in cases where no ivory weight was provided).

The resulting datasé&r analysisconsiss of the number of raw and worked seizures in each weight
class that were seized by each country in each yeaur8s that coatned both raw and worked
ivory were included in the appropriate raw and worked ivory weight clabseselection criteria
mean that some countries in the dataset may th@meselveseported zero seizures over the relevant

time frame.



2.3 Variables affecting the seizure rate

Seizure rate waassumedo be a function of law enforcement (L&fortandLE effectivenessin
principle,law enforcement effort coulste measured by data on budgets, personnel, training,
equipment, etcSuch information is impossible to obtain consistently acnagsycountriesWe
thereforedevelopan indirect measure of LE effort using past ivory seizure records in B$1S.

proxy for LE effort, we define theE ratio for a country in a given year astproportion of all

seizures that the country was involved in that were made by the country themselves in that year.
Small values suggest that a country has poor LE effort as they make very few seizures themselves,
whereas high values (close to one) ssggfeat a country is seizing a large proportion of what passes
through their country in a specific year. The proxy variable that we used in the analysElwdme
oneyear | agged LE ratio, to represensthdawe si tuat.i

enforcemenenvironment for the current year.

Effectiveness of LE was thought to vary according to the background level of corruption or
governance, and also the general level of secmnomic development in the country. Several
measures of cauption, governance and soa@gonomic development are available on a country by

year basis in the public domain. These include:

1 CPI: Corruption Perceptions Indg¥ ransparency International)
T sixWor | d Weald®odesnance Indicato&aufmann et al2010)
o0 Voice and Accountability
o Political Stability,
o Government Effectiveness
0 Regulatory Quality
0 Rule of Law
o Control of Corruption
1 HDI: Human Development Ind¢dNDP, 2011)
1 GDP: per capita GDFWorld Economic Outlook Database, Internatioktainetary Fund)

1 Gini coefficienf a measure ahcomeinequality(World Bank Poverty Indicators).



Some variables were not available for all countries in all years, and missing values were estimated by
interpolation. For Gini CoefficientandHDI, it wasnot possible to obtain tiraearying values of two
of the variables representing development, specifically so the means of available values for each

country were used instead.

The strength of wildlife trade legislation in a country was also thought totdtgbe a contributory
factor. An indicator of the strength of wildlife trade legislatideg) was available from the CITES
Secretariat. This was a simple score on a 1/2/3 scale arising from the CITES National Legislation
Projecti an orgoing initiaive that monitors the extent to which the country meets CITES

requirements for legislatioMlliken et al, 2002).

2.4 Variables affecting the reporting rate

Reporting rates could potentially vary according to both the readiness of the country to submit data,

and the effort made by the ETIS database manager to obtain it. No direct measures of the former

were available, so again proxy variables for it were Bbughe key variable used was BHES

reportingscore an i ndicator based on each countryds exf
to the CITES Secretariat. The variable was calculated as the number of CITES Annual Reports

submitted as a proption of the number of years the country had been a CITES Party. The idea is that

this proportion could be taken as an indicator of the seriousness with which the country meets its
obligations under CITES (including reporting to ETIBhe data required fdhis ratio were provided

by the CITES Secretariat (Geneva).

The effort made by the database manager to collect seizures data varied according to the way that
each seizure was reported to ETIS. Technically speaking, a seizure should be reported By3he CIT
Management Authority (CMA) to ETIS within 90 days of the seizure being made, according to the
recommendation in CITES Resolution Conf. 10.10. In practice, however, seizures enter the database
in different ways. In the past, certain countries have bebjected tdargeteddata collection in

which an ETIS representative visits the country, reviews law enforcement records and collects
information on elephant product seizure cases. Although little targeting has occurred in recent years,

countries are ¢&énpromptedby mail, email or CITES notifications to submit seizure records. Other



records arrive unprompted, some originating from sources other than the CMAs themselves, such as
NGOs or other unofficial sources. Some CMAs report sending recordsatrebeen collected in the
context of national automated systems holding wildlife trade seizure information. In these cases, we
might expect that most, if not all, seizures made in that country are reported. In the case of passive,
unsolicited reportingf is less clear that all seizures are reported to ETIS. To capture this variability
each record in ETIS is scored according to whether it was obtained from targeting or prompting, or
from an automated mechanism, or whether it was received passivelgefive thedata collection

score (DC)for a country as the proportion of records in a year that came from a

targeted/automated/prompted mechanism.

3. Methods

Weight classewereestimated for seizure records that only record the number of pieces of ivory,
rather than the weight of ivorfhen amodel is fitted to estimate the number of transactions by ivory
class, country and year; from this the Transactions ladaldbe obtaind. Third, a model of the
weight per seizurevasrequired for both worked and raw ivory. Combining this with Transactions

Index the Weighténdexwasobtained.

3.1 Estimating weights of seizures from the number of pieces in the seizure

Of all ivory seizures in the database, about 53% have number of pieces but no weight recorded. In
order to allocate seizures to weight classes, the unknown weights were estimated from the number of
pieces. This was accomplished by fitting a regression moestribechere separately for raw and

worked ivory seizures, of weight on number of pieces based on all cases where both number of pieces
and weights are knowWll available data for all available yeasncel 989 were used for this

modelling.

Exploratory data armgsis suggested that (1) models with weight and number of pieces both on a log
scale should be tried initially, and (@erelationshipbetween number of pieces and weighés
time-dependentThe linear predictor was therefore chosen to comehmogonapolynomial functions

of In(#piecesknd ofyearof seizure Frequentist regression methodereused for this modelling



exerciseTrial modelling withweight andsubsequentiin(weight) as response variable resulted in
highly residualghat were both éteroscedastic and highly skeso a power transformation of the
response was sought using the B2ox method (8). For this purpose, a linear predictor with high
order polynomials (9 for each variable) was ugedet the profile likelihood of the transforming
powerU. Having estimatetlin this way(separately for raw and worked ivdrynodelswith

orthogonal polynomials of appropriate ordesre fitted usingtte transformed response variable

y =(weight? . The fitted model was
. P a,
wr=ma bkx) a.dtx -
j=1 k 2

where for thei™ seizure,x isIn(#piecespndt, is the year of seizure{,x( )} are orthogonal

polynomials ande ~ N(O, é) :

This model was used to predict weights for seizure records where number of pieces was known but
weight was notlt should be stressed that although there was some uncertainty in estimating weights
in this way, notably for worketvory, the only way that the estimated weights contributed to the final
analysis was in allocating seizures with unknown weights to very broad weight classes, so the

uncertainty was thought unlikely to have a major impact on the final modelling.

3.2 Statistical model for seizures data
We lety,, represent the number of reported seizures in courtty...,68, ivory classk=1,...,6
and yeart =1996,...,2011. Typically one would starnodelling count data like this using a Poisson

distribution, but initial exploratory models indicated severe -ohgpersion and a negative binomial

distribution 34) was therefore used instead. The statistical model is described as follows:

Vi ~NegBin(p, %), whereo<p,, 4 andr i Z*,

Vie Th ) " _
so that Pr(yikt |quu 'f<) :% P (1 Pt )y , fory,, =0,1,2,...
ikt * \ Tk :



Smaller values of, indicate a greater degree of oxkspersion. Nte that the model allows a
different value of this parameter for each ivory class, but assumes it to be otherwise constant across

countries and years.

In terms of this parameterisation, the mean valug, pfs

T (1 - pikt)

E(Yie )t 77
(th) My P

A key assumption in the model was the factorisation of the mgan {, , /,

., Where/, 20isa
measure of the expected number of unobserved klassy transactions in countiyand yeat. £,
is the seizure rate ang| the reporting rat¢0 ¢ 7,, g @) for countryi in yeart, both assumed

constant across ivory classes.

The data were actually modelled as a multivariate progesgy,, ..., ¥4 ), With six dimensions

representing the ivory classes, so we can wrjte=, f, . Variation in/, over years was

accounted for by fitting a polynomial function tof
p
|0g(/it): q * 13(1(t) a | é(t)
=2
where{x (t)} are orthogonal polynomials of The random intercepes, and first order coefficients

a, were assumed to follow multivariate normal distributiows; ~MVN( mV\g) and

a, ~MVN( /pV\() , with covariance matrice®/ and W, respectively, thus accounting for correlated
trends between the 6 ivory classes. With model parsimony in mind, the highecarfleientsa,

were assumed constant ogeuntries

The country by year specific seizure and reporting rates are latent variables, but were modelled as
functions of the candidate proxy variables described above as covariated@mediGiven that they

are proportions, thiegit link function, logit(p)=Ing #/(1 - ), was used to relate them to their

linear predictors, so thadgit(7,)=& #x. and logit(g,)=& @&, , wherex, andz, are

n

standardised values of the covariates. To avoid problems of parameter identifiability, the linear



predictors for seizure and reporting rates had no intercept terms. A consequence of this is that, since
the predictors were standi@ed, the seizure and reporting rates were each logit(0), or 0.5, when the

predictors were at their mean values.

The model was fitted in a Bayesian framework andinformative priors for all parameters were

adopted throughout. Specifically, the pritwsthe model parameters were as follows:

ng~MVN(0,sZI) and n;~MVN(0,sZI), wheres? =10

W' ~Wishart(R,6) and W' ~Wishart(R ,6), where the scale matricBs andR; were chosen
roughly to reflect the covariances between ivory classes apparent in theQtata (

R, =diag(50,50,5,300,75,25) and R =diag(15,10,5,150,50,10).

The coefficientsa, , b, and g, were all assigned nenformative N(O, 104) normal priors. An

appropriate noinformative prior for ther, parameter of the negative binomial distribution was a

uniform distribution fom, on a logscale: In(r, ) ~Unif (0,10) (20).

The model was fitted by MCMG3elman et al, 2004using the OpenBUGS softwareuhn et al,
2009 and theR system R Core Team, 2032 The modelling strategy was first to estimate the

polynomial trend in/ ., then determine the best fitting combinations of covariates for seizure and

it 7
reporting rates, described above, followed bghecking the polynomial terms andfitting the
covariates, proceeding iteratively until a stable medet¢rged. A polynomial of order= 6 was
found to fit well. Model fit was assessed using the DIC statilstinrf et al 2013, Spiegelhalter et al

2002. Further checking of the final model was achieved by plotting credible intervals of the posterior

predictive distribution of the model mean and overlaying the data p@haisnan et al 2004

The key outputs from the model are theparameter estimates. Their posterior means were
interpreted as smoothed and biajusted estimatas the illegal activity in ivory tradé smoothed
because they are the estimated mean values of a stochastic procbsss-adigistedbecause the
estimated effects of imperfect seizure and reporting rates have been factored out. The transactions

index, Tl, was calculated as aggregated values of thEarameter estimates.



3.3 Summaries of the Transactions Index
To estimateT| (with credible intervals to assess the uncertainty), simulations were taken from the

posterior distribution of , . These were derived by first simulating from the posterior distributions of

the parameters,,, 4., A ..., o« for each country, each yeatand each ivory clads and then

6
setting Iog(/ikt‘s)): a® +4d°.(v) & ,"a,(th wherethesuperscripe 1, ¢é, 5000 den

=2

thes" simulation. By summing over all 68 countries we obtairsth@mulation ofT! for the ivory

68
claskandyeat: TI.9=/_9 8 ('°. The simulated distribution provides summary statistics

i=1

and credible intervals from which estimates of the trend were obtained.

3.4 Estimating the Weight Index, WI
To derive the weights indeMyl, the /Y estimates, rounded to integer values, were interpreted as

estimates of the number of illegal ivory transactions by country, by year and by ivory class. For each
simulated transaction, a weight was simulated from the estimata@utisin of ivory weight per

seizure, and then aggregated.

Fitting a distribution for the weight per seizure was a separate modelling exercise. The model was a
Bayesian regression fitted to seizures with known wei@lgsnot using the records where vghits

were estimated from number of pieGesee section 4)1The data chosen for this comprised all

seizures records with known weights, including those, described in Section 3.2, excluded from the
main modelling exercis@hedistribution of weight pereizurewasestimatedseparately for raw and
worked ivory. The weight per seizure was allowed to change ovei tanimear trend was found to

be adequate to describe this change. A lognormal distribution with linear trend in the mean was found
to fit pooty in the extreme values, but a robust regression of log(weight) based edigtréotition

did much better:

In(wik*l):a;*0 +dt +s.. wheree;k*t~tnk*

andw. .. is the weight of ivory in thé" seizure

made in yeat, andk = 1 forraw, or 2 for worked ivory. t, denotes the Studentlistribution onn

degrees of freedorthe use of Bayesian modelling here facilitated the estimatiarfroin the data.



Norvinformative priors ford. , @, ands’were usedd,. , @ ~N(0,104) , §? ~G(0.001,0.001).
The prior for the degrees of freedom was uniformUnif(l,30) , which allows fractional values.

After convergence, 5,000 iterations were drawn from the posterior distributions of the parameters and

thepredictedweightwﬁjlt(sz 1, é, 5000) compuatuesd from the para

Iog(wjflt):agj +dt +% ;kie jkf ~a . The posterior distribution of the global weights index
¢

was calculated by summing over the weight for each ivory class. The total weight for ivollyinlass

yeart is the sum of the firs§/ | simulated WeightSNJth (where the brackets][indicate the

nearest integer value grf that fall within the correct ivory class. Since simulated values from the log
t distribution can be unreasonably large (although with low probability), simulatiexséss of
8,000kg were rejected; this was considered a reasonable threshold asnes séithis size have ever
been observedt A represents the set of weights meeting this criterion then:

6 |

N e, o
Wl(t) =a V\fjl?“t 'ka-ka)(\Nijslt) ’WhereA_I, Ja l[Wk-ka)(\NEklt) %/(k? S

k=1 A | i

These are th@/l values that were used to plot trends in the weights index anddibleratervals.

4. Use of outputs for CITES reporting

The reporiMilliken et al 2012to CITES 16' Conference of the Parties used the methods desdribed
this reportto estimaterends in the illegal ivory trade from 1996 to 20The results were presented

using a number of different indices and further analysis as described below.

4.1 Direct summaries of the Transactions and Weights Indices

TheTransactions Index was summarised in a number of lagsmeansnd 90% credible intervals

were shown for each ivory claaad each yeafor each ivory class the 1998 value was set to 100 so
that comparisons within the ivory class could be made over time. The year 1998 was chosen because
this was the first full yeaafter ETIS was saip and the first tightly regulated sale of ivory from three

African countries to Japan was allowietlowing a full-scale ban on the legal ivory trade since 1989.



Globalvalues ofTl and WI were shown with 90% credible intervals. Ag&im,each index the 1998

value was set to 100.

To compare the relative contribution of each ivory class glmishowing the mean contribution of
each ivory class to the global mean for each year was calculated. This was done separately for the WI

and T1.The 1998 global mean was set to 100 in each case.

4.2 Cluster analysis

A cluster analysis was performed to identify countwéh similar illegal ivory trade characteristics
Themaintrade characteristia¥ interest arelte Transactions Index for thix $vory clases

aggregated over 2009 to 20K particular featurghowever of great interest to CITE®ot captured

by our ivory classes is the occurrencdanfiescale shipments, in this case defined as shipments over
one tonne in weighfo include hese seizures in the cluster analysis requirestimaé form of bias
adjustmenshould beapplied to thi observed numbers, just as the Tls for the six ivory classes are
biasadjustedSince largescale seizures were not isolated as a separate class in the modelling (there
were too few for this to work), a post hoc approximate method of adjustment was sought. Using the

basic factorisation of the mean number of seizures in the main mmaadetly 77, = {, ./, as a

it
guide,we divided the observechumber oflargescale seizures by the appropriate estimaggziire
rate and reporting rand definghe biasadjusted numbef’i and Weight\/V/i of seizures in country

as:

2011 Vi q 2011 Yie W

1] —1 i 2 .
a aA - |Jt andW a a—* I”t , wherel,, =1 if w;, 2 1000;
t=2000 2 7y t=2000j 2 7

~

f, and c}n are the posterior means of the seizure and reporting rates, respectively, from the main

model.

A criticism of this biasadjustment is thad zeronumberof seizures over one tonne wourp to zero

in the adjustmenitand this may not be realistic.



The cluster analysi®ok account oinformation about countries that were implicated in illegal ivory
seizures but did not make asgizuregshemselves. In previous CoP analy@ddliken et al, 2002,

2004, 2007, 209) this was represented as the numbeseifures, or total weight of seizures, in which
a country was implicated. Here we needed to-a@dsast thesaumberdn a similar way to the

number of biasdjustment aboveé difference for these seizures is thta biasadjustment is based
on the coutry where theseizureoccurred andhot the country that is implicated in the seizurett®o

biasadjusted numbers and weights become

SR L | s I W
Y=a a ~ |l andW. = g a = by Wherel, =1 if w,, 2 1000 and country
t=2000m j j =/ t=2000m j j =1

i is implicated in the seizure

Together we haveenvariables as inputs into the cluster analysisTthealues for the six ivory

weight classes, adjusted numbers and weights of-kargle seizures, and adjusted nensband

weights of seizures made in other countries. The variables, transformed to a log scale were used in a
cluster analysis using the EucEverittetaln200hé&her i ¢ and
interpretation of the clustering, and the nimbf groups chosen, were determibgdr RAFFIC

International.

5. Results

We implementedite methodologyn all valid seizure records from 1996 to 2011 that were met

ETI S6s standards for dat alla3 eedondsofiegabivorseizges.v e dat e
Only 47% of these records reported the weight of the seizure so the weights of the remaining 53% of
records were estimated using the model described in secti@menthe estimated weights we used

the criteria described in section * to seléwt data for the main analysis. Although 88 countries

reported at least one seizure from 1996 to 2011, we excluded 28 countries that did not meet the

criteria and included an additional eight countries that made no seizures themselves but met the
criteriabecause they were implicated in seizures. Thus our dédasetdelling the number of
transactiongontained information on 11,857 seizures of which 3,815 were seizures of raw ivory and

8,042 were seizures of worked ivagiving 11,857 seizures in totalee table. Our model of the



weight per seizure was obtained by fitting datad,®r0 raw ivoryseizuresand 3,228 worked ivory

seizuresvhich recorded the weight of a seizure.

The key results, the Transactions and Weights Indices and the resultsloétbeanalysis are
presented in Milliken et al 201t the Appendiof this reportwe present the parameter values from

fitting each of the three models descrilietabular and graphical form as appropriate
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Appendices: Tables and Graphs of results from model fitting

Estimating weights of seizures from number of ivory pieces

Table 1: Details of polynomial regression model

Degree of polynomial (and P-

value)
U In(#pieces) Year R?
Raw 0.105 9 (P<0.0001) 6 (P=0.01) 68.1

Worked 0.04 5 (P<0.0001) 4 (P=0.01) 33.4




Estimating the number of transactions

Table 2: Number of seizures by ivory class used in the model to estimate the number of

transactions

Weight class
Type [0,10) [10,100) [100,) Total
Raw 2,183 1,346 286 3,815
Worked 7,567 429 46 8,042
Total 9,750 1,775 332 11,857

Table 3: Posterior means of the coefficients of the standardized proxy predictors for seizure and

reporting rates.

Variable Predictor (standardized) Posterior mean 95% credible interval
Seizure ratef Lagged LE ratioLE1 0.766 (0.471, 1.074)
Rule of law,rl 0.464 (0.067, 0.864)
Reporting rateg Data collection scorelc 2.521 (2.246, 2.817)
CITES reporting scoreep.sc 0.733 (0.520, 0.949)
Table 4: Posterior means of »before rounding
Raw Worked
Ivory Class Posterior  95% credible Posterior 95% credible
Mean interval Mean interval
Small 1.96  (1.52,2.47) 1.24 (1.01,1.49)
Medium 2.15 (1.52, 3.37) 1.52 (1.02, 2.45)
Large 1.28 (1.01, 2.01) 319.81 (1.02, 3660.00)




Table 5: Posterior means and 95% credible intervals of H, and H

lvory H H

Class Mean Cl Mean Cl

1 0.24 (-0.37,0.81) -2.18 (-9.20, 4.85)
2 0.02 (-0.59, 0.57) 2.61 (-3.3,9.08)
3 -0.63 (-1.17,-0.15) 2.60 (-2.19, 7.04)
4 0.65 (-0.20, 1.49) 8.02 (0.66,15.86)
5 -1.10 (-1.83;0.44) 3.73 (-3.2,10.27)

6 -3.72  (-4.98;2.74) 1.13 (-6.97,10.41)




Table 6: Posterior means and 95% credible intervals (Cl) of the random effects

vory 7 F 7 7 F
Class Mean ClI Mean CI Mean CI Mean ClI Mean CI

1 281 (-6.08 0.46) 0.47 (-2.633.60) -2.66 (-5.740.36) -1.24 (-4.241.66) -2.74 (-5.59 0.16)
2 227 (-1.075.62) -0.82 (-4.01,245) 114 (-2.154.40) 146 (-1.804.71) 1.42  (-1.83 4.63)
3 463 (-0.8410.02) 159 (-3.766.88) 3.18 (-2.288.55) -0.81  (-6.154.57) -0.80  (-6.10 4.54)
4 -0.13  (-3.803.49) 1.04 (-245452) 330 (-0.226.91) 056 (-2.994.01) 1.38 (-2.1Q 4.87)
5 279 (-2.438.05) 074 (4.12584) 102 (-3.965.97) -217 (-7.082.76) -0.16 (-5.19 4.68)
6 0.02 (-12.3411.93) -0.72 (-12.6211.09) 0.03 (-11.5211.36) -14.67 (-27.20-3.00) -0.37 (-11.56 145)




Table 7: Posterior mean and 95% credible interval for

lvory
Class 2 3 4 5 6
1 4.20
(2.60, 6.54)
9 2.30 412
(1.09, 4.00) (2.58, 6.45)
3 0.59 1.64 2.56
(-0.37,1.76) (0.62,3.09) (1.41, 4.34)
. 2.49 (-%Szi (_01'31% 10.88
(0.68, 4.96) 2.62) 1.62) (7.22, 16.34)
5 1.82 2.11 1.44 2.60 511
(0.48,3.64) (0.75,4.01) (0.32,2.97) (0.58,5.42) (3.03,8.26)
6 1.29 2.06 2.19 1.55 2.67 5.47
(-0.27,3.33) (0.48,4.34) (0.80, 4.35) (-0.74,4.44) (0.90,5.43) (2.61,11.01)




Table 8: Posterior mean and 95% credible interval for

lvory
Class 1 2 3 4 5 6
1 438
(238, 750)
5 339 279
(183, 57) (136, 503)
3 178 143 86
(68, 340) (51, 300) (17,234)
4 358 273 155.40 488
(18, 609) (123 479) (48, 315) (236, 860
5 301 241 130 201 260
(109, 556) (84, 41) (33, 287) (120, 540) (71, 560)
5 23 14 4 26 19 29
(-156, 235) (-126, 178) (-93, 85) (-150, 212) (-117,191) (3, 1)




Table 9: DIC of different models.

Model R ¢ me ] DIC
Mo 0 0 10490
M -0 0 0 10050
M -0 0 0 10500
M3 -0 -0 0 0 10040
M, -0 -0 0 I, % 10010
Ms -0 -0 0 I, ®w 10 10010
Ms -0 -0 rAA 0 9668
My -0 -0 r AR 1 OAsBh 0 9638
Mg -0 -0 r AR 1 OAsBh T, % 9629
Mg | ) | -0 r AR 1 OAsBh I, ®w 10 9629

Note that although the DIC in the final two models is the same thecB&dible interval for rule of law (rl) did not include zero.



Estimating the weight per seizure

Table 10: Parameter estimates for weights per seizure model.

Parameter Posterior mean  95% credible interval
Raw: a, 0.308 (0.247, 0.369)
a, -0.210 (-0.270,-0.151)
n 12.940 (8.862, 20.020)
5?2 2.679 (2.468, 2.900)
Worked: g, 2.366 (2.299, 2.434)
a, 0.105 (0.038, 0.169)
n 7.917 (5.950, 10.990)
5? 2.193 (1.990, 2.408)




Table 11: Countries and Country codes included in final analysis

Code Country Code Country
ae United Arab Emirates kh Cambodia
ao Angola kp Democratic Peopl e
at Austria kr Republic of Korea
au Australia la Laos
be Belgium ml  Mali
bi Burundi mo Macao
bj Benin mw Malawi
bw Botswana mx Mexico
ca Canada my Malaysia
cd Democratic Republic of Congo mz Mozambique
cf Central African Republic na Namibia
cg Congo ng Nigeria
ch Switzerland nl  Netherlands
cic Ctte dolvoire nz New Zealand
cm Cameroon ph Philippines
cn China pl Poland
de Germany pt Portugal
dj Djibouti ga Qatar
dk Denmark ru Russia
eg Egypt rw Rwanda
es Spain sd Sudan
et Ethiopia sg Singapore
fr France sn Senegal
ga Gabon td Chad
gb United Kingdom tg Togo
gh Ghana th Thailand
gn Guinea tw Taiwan
gg Equatorial Guinea tz Tanzania
hk Hong Kong ug Uganda
id Indonesia us United States of America
in India vn Viet Nam
it ltaly za South Africa
jp Japan zm Zambia
ke Kenya zZw Zimbabwe

26



Figure 1: Posterior mean reporting rate, P

(blue) for each country over time
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Figure 2: Posterior mean and 95% credible intervals for the random intercepts, =|= -,gor each country and the

three raw ivory class
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Figure 3: Posterior mean and 95% credible intervals for the random intercepts, =|= «,gor each country and the

three worked ivory class
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Figure 4: Posterior mean and 95% credible intervals for the random coefficients, =|= gzgi,ior each country and the
three raw ivory class
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Figure 5: Posterior mean and 95% credible intervals for the random coefficients, =|= gzgi,ior each country and the
three worked ivory class
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Figure 6: Number of transactions, f:: fQr small raw ivory class
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Figure 7: Number of transactions, ¥ ::
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Figure 8: Number of transactions, f :: , fpr large raw ivory class (100kg+)
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Figure 9: Number of transactions, f :: , for small worked ivory class (<10kg)
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Figure 10: Number of transactions, ¥
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Figure 11: Number of transactions, ¥ -
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