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Abstra
tThis study estimates agen
y's impa
t on the e�
ien
y of sugar planta-tions on St. Vin
ent and the Grenadines during the early 19th 
entury. Usinga panel data set 
overing the years 1814 - 1829, a series of sto
hasti
 frontiermodels are estimated to investigate whether estates employing agents weremore te
hni
ally e�
ient than those managed by the owners themselves.Multiple imputation methods are used to deal with missing data problems.There is no eviden
e, in any of the models estimated, to suggest that estatesunder agen
y were less e�
ient than those that were dire
ted by their own-ers. Estimates from a number of models suggest that agent-operated estateswere more e�
ient.
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1 Introdu
tionThe perils of agen
y is a re
urrent theme in the historiography of Caribbeanslavery. This literature has two main bran
hes: an older, 
ensorious viewand a more re
ent, revisionist perspe
tive. Criti
isms of managerial abuses�rst appear in 
ontemporary publi
ations, su
h as Edward Long's a

ountof Jamai
a (Long, 1774). Modern s
holarship begins with Pitman (1927)and Ragatz (1931), who asso
iated non-residen
y and agen
y with agrarian
onservatism and e
onomi
 negle
t. Williams' famous monograph, Capital-ism and Slavery, likewise depi
ts absentee landlordism as `the 
urse of theCaribbean', resulting in estate mismanagement and other abuses (Williams,1944). These 
ontentions are repeated in numerous later studies, in
ludingWatts (1987).Revisionist 
riti
s obje
t that the 
auses and 
onsequen
es of absenteeismwere varied, that the ranks of non-resident owners in
luded progressive agri-
ulturalists, and that estates managed by agents 
ontinued to be pro�table(Hall, 1964; Ward, 1988; Burnard, 2004). Apologists for agen
y also pointout that sugar 
ultivation's s
ale, 
omplexity and 
apital intensity providedin
entives to develop managerial and a

ountan
y systems, regardless ofwhether an owner 
ontinued to reside in the West Indies or opted to be-
ome an absentee (Sheridan, 1971; Green, 1973; Ward, 1988; Cowton andO'Shaughnessy, 1991; Cooke, 2003; Fleishman, 2004). An important 
on-tribution by Higman (2005), based on two Jamai
an 
ase studies, has givenrevisionism a signi�
ant boost. Reje
ting mu
h 
ontemporary 
riti
ism of es-tate managers as unfounded, he argues that most non-resident owners 
ouldnot have mat
hed the performan
e of the attorneys they employed. Higmanre
asts absenteeism as an agen
y problem 
apable of solution through thedevelopment of re
ognisably modern management hierar
hies. In his view,the desire to maintain professional reputations, underpinned by e�
ient 
on-tra
t design, re
on
iled the interests of planters and agents. For Higman,attorneys 
oer
ed greater amounts of labour from the enslaved, generatingthe levels of output needed to sustain non-residen
y. `It was the managementpra
ti
ed by attorneys', he 
on
ludes, `that squeezed the maximum possible
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produ
t from the system and the people it oppressed' (Higman, 2005, pages279-83).A major weakness of the existing literature is that there exists no expli
it
omparison of the e�
ien
y of estates managed by agents and those dire
tedby their owners. An important reason for this omission lies in the fa
t thatJamai
an sour
es, on whi
h the majority of resear
h is based, la
k widespreadinformation about owner-operated plantations (Higman, 1976). Unable tomeasure e�
ien
y dire
tly, Higman instead examined the likelihood that anestate would 
ease produ
tion after the legal abolition of slavery in 1833.He reports that Jamai
an properties under attorney-ship in 1832 were lessprone to failure by 1847. As Higman points out, however, most abandonedestates owned by residents possessed small workfor
es and were lo
ated inmarginal areas. In 
ontrast, sugar estates under attorneys `o

upied the bestsites and were on average more produ
tive and pro�table' (Higman, 2005,pages 282-3). In 
onsequen
e, the eviden
e of survivorship does not permitany 
on
lusions to be drawn about the relative e�
ien
y of agent-operatedestates during the period of slavery itself.The possibility of undertaking su
h an analysis for St. Vin
ent and theGrenadines (SVG) has, hitherto, es
aped noti
e. This paper uses a uniquepanel data set of estates in SVG to investigate two quanti�able aspe
ts ofagen
y highlighted in the existing literature. Firstly, for the years 1801 -1829, des
riptive statisti
s are used to examine trends in the number andproportion of estates on SVG operated by owners or managed by agents.Se
ondly, for the years 1814 - 1829, sto
hasti
 frontier models are used toassess whether agen
y in�i
ted a penalty on estate performan
e by redu
-ing output and revenue, 
onditioning on levels of inputs and fa
tors su
h asestate lo
ation and 
alendar time. The data set and the nature of the mod-els that are estimated pose a number of e
onometri
 
hallenges, in
ludingthose of missing data and unobserved heterogeneity. Using multiple imputa-tion models to deal with missing data and estimating a range of sto
hasti
frontier models for panel data, results show no eviden
e that estates man-aged by agents were less te
hni
ally e�
ient than those operated by theirowners. There is some eviden
e that they were more e�
ient. A verdi
t on
3



whether agent-operated estates were more e�
ient than those operated bytheir owners is hindered by the absen
e of knowledge about the true popu-lation relationship that should be estimated.Se
tion 2 presents the ba
kground to the study, in
luding the existinghistori
al literature and sour
es. Se
tion 3 outlines the methodology. Se
tion4 presents the results of the des
riptive and inferential analysis and se
tion5 
on
ludes.2 Ba
kground2.1 Study region and sour
esBritain a
quired SVG from Fran
e at the end of the Seven Years' War (1756-63) during the middle phase of European imperial expansion in the Caribbean(Higman, 1984). For most of the period from 1805 to 1829, the 
olony's plan-tations ranked se
ond in the British West Indies after Jamai
a, produ
ing,on average, 7.8% of total sugar output (Watts, 1987). Previous appraisalsof agen
y in SVG are strongly 
riti
al, re�e
ting the in�uen
e of the olderliterature (Spinelli, 1973; Marshall, 2007). These studies do not, however,subje
t the hypothesis of an agen
y penalty to rigorous testing: their ev-iden
e is sele
tive and in
ludes 
ounter-examples of poor management byresident planters. Contemporary sour
es similarly allege that malpra
ti
eo

urred on some properties. Absentee Hugh Perry Keane 
omplained of`the villainous mismanagement of my Estate' and visited St. Vin
ent twi
eto improve 
onditions on Liberty Lodge.1 A se
ond non-resident owner,James Adam Gordon, sent a spe
ial visiting attorney to inspe
t his Fairhallproperty in 1824. The subsequent reports 
riti
ised the performan
e of theestate's management (Smith, 2008). However, despite their detail, these areonly two examples. The interpretive weight they 
an 
arry is limited.This study 
ombines data from two prin
ipal sour
es to investigate theagen
y question. Information about an estate's agen
y status is derived1Diary of Hugh Perry Keane, Virginia Histori
al So
iety, Keane Family Papers, Mss 1K197 a15 [1803℄, endnotes.
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from the registry returns. Compulsory registration of slave ownership inthe British West Indies was introdu
ed between 1812 and 1819 to poli
e en-for
ement of the abolition of the transatlanti
 slave trade and to regulateinter-
olonial movements of slaves. During the study period 
onsidered inthis paper, registry returns took pla
e on SVG in 1817, 1821, 1824, 1827and 1830 (Higman, 1984). The person making these returns was required tode
lare `the right or 
hara
ter in whi
h the party making su
h Return holdspossession of and 
laims title to su
h Slave or Slaves, namely whether asProprietor, Lessee, Mortgagee, Sequestrator, Guardian, Committee, Trustee,Re
eiver, Exe
utor, Administrator, Attorney, or otherwise' (Laws of St. Vin-
ent, 1884). Data for output and inputs is obtained from St. Vin
ent's CropReturns, the primary purpose of whi
h was to assess planters' 
ontributionsto the parish levy (Laws of St. Vin
ent, 1884). These sour
es are des
ribedin the appendix and maps of St. Vin
ent and the Grenadines are presentedin Figures 1 and 2.2.2 Sto
hasti
 frontier analysisThe traditional, deterministi
, produ
tion fun
tion of mi
roe
onomi
 the-ory shows the maximum output that a te
hni
ally e�
ient produ
tion unit
an generate, given its inputs.2 Sto
hasti
 frontier models make expli
it al-lowan
e for the possibility that produ
tion units exhibit te
hni
al ine�
ien
yand therefore produ
e `below' their frontier. The models de�ne, for ea
h �rm,a sto
hasti
 frontier whi
h 
omprises a fun
tion of fa
tors of produ
tion andother variables that are 
onsidered to in�uen
e output, plus a symmetri
, zeromean, idiosyn
rati
 error term, intended to 
apture fa
tors su
h as measure-ment error, model misspe
i�
ation and the e�e
ts of unpredi
table sho
ks tothe frontier (su
h as adverse weather events, lu
k and so forth). A se
ond,non-negative, random variable is subtra
ted from the sto
hasti
 frontier torepresent te
hni
al ine�
ien
y. Estimation of 
ross-se
tional sto
hasti
 fron-tier models was �rst proposed in the work of Aigner et al. (1977) and Meeusen2Survey material for frontier models is taken from Stevenson (1980), Coelli et al. (1998),Greene (2011) and Kumbhakar et al. (2012).
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 Figure 1: Map of the Greater Caribbean region [Sour
e: Authors andBodleian Library, Oxford℄.

 Figure 2: St. Vin
ent: river systems, parish boundaries, and Kirby estatemill Lo
ations. [Parishes (
lo
kwise from top): Charlotte's (largest), St.George's, St. Andrew's, St. Patri
k's, St. David's. Cir
les denote all ar
hae-ologi
al mill sites surveyed by I. E. A. Kirby. Sour
e: St. Vin
ent NationalTrust℄
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and van den Broe
k (1977). Pitt and Lee (1981) extended the 
ross-se
tionalframework to panel data, and there has followed a large literature extendingthe methodology in both 
ross-se
tions and panels (Greene, 2011).Sto
hasti
 frontier models have found some appli
ation in the e
onomi
history literature. Grabowski and Pasurka (1989) examined the relative e�-
ien
y of slave agri
ulture using data from 
otton plantations in the Ameri
anSouth in 1860, and Ho�er and Folland (1991) presented follow-up analysis.Field-Hendrey (1995) applied a 
ross-se
tional sto
hasti
 frontier model toinvestigate whether slave farms in the antebellum Ameri
an South were moree�
ient than free farms. She found eviden
e to suggest that the gang systemmade slave farms superior; without the gang system, there was no di�eren
e.In the wider literature Burhop and Lübbers (2009) used a panel model to in-vestigate whether 
artels and managerial in
entives a�e
ted the performan
eof 
oal mining �rms in Germany at the turn of the 20th 
entury. They foundthat 
artelisation did not a�e
t e�
ien
y, but that bonuses paid to boardmembers did.Sto
hasti
 frontier models for panel data appear well-pla
ed to investi-gate the impa
t of agen
y on estate e�
ien
y on SVG. Two 
ompli
atingfa
tors present themselves, however. The �rst 
on
erns disentangling anytrue, agent-related, e�
ien
y e�e
ts from time-invariant, estate-spe
i�
, ef-fe
ts. Put another way: how is one to know whether any e�e
t of agen
yon estate e�
ien
y is truly 
aused by the use of an agent or is the result ofagents being found on estates whi
h are, intrinsi
ally, less or more e�
ient,owing to the omission from the model of unobservables su
h as soil qualityand estate elevation? The se
ond problem 
on
erns missing data: the agen
ystatus of estates 
an only be measured in the years of the registry returns,information on the a
reage of estates is limited, and output and input datais missing for some 
rop returns.Although the histori
al literature has not attempted to disentangle agen
yand estate e�e
ts, studies of slavery in the Caribbean and United Statesdemonstrate awareness of the problem. Higman (2005, pages 18-19; 1996,page 307) notes that absentee management was more prevalent among sugarplanters be
ause other 
rop 
ombinations were less pro�table. He also ob-
7



serves that, on
e estates rea
hed a threshold size of 1,000 a
res or 250 slaves,owners were liable to hand 
ontrol to an agent and retire to Britain. Inves-tigations of the relative e�
ien
y of slave and free labour in the antebellum
otton South suggest that s
ale is 
orrelated with produ
tivity-augmenting
hara
teristi
s, in
luding lo
ation (soil type, relief, and 
limate) and manage-rial stru
tures. Olmstead and Rhode (2008, page 1153), for example, reportthat plantation �xed e�e
ts are strong determinants of 
otton pi
king pro-du
tivity. In the wider literature, the di�
ulty of separating the impa
t ofmanagerial and stru
tural 
hara
teristi
s on e�
ien
y is a feature of sto
has-ti
 frontier analyses in agri
ulture. Stru
tural e�e
ts 
an be de
omposed intoon-farm and o�-farm fa
tors. The former in
lude lo
ation and size; the latterupstream and downstream relations with suppliers and pur
hasers, that inturn a�e
t 
redit relations and debt �nan
ing (Van Passel et al. 2006, pages3-6). In this paper, we test the sensitivity of the results our baseline frontiermodels to making allowan
e for estate-spe
i�
 �xed and random e�e
ts.Regarding the problems of missing data, there exist a large suite of rou-tines whi
h allow investigators to impute values for missing data in orderto 
ondu
t what is known as `valid inferen
e' (inferen
e in whi
h estima-tors exhibit the desired properties of 
onsisten
y, the 
orre
t p-values un-der the null hypothesis, and so on (London S
hool of Hygiene and Tropi
alMedi
ine, 2013)). We use approa
hes based on multiply-imputed data setsusing 
hained equations and the hotde
k method to estimate our models,
ombining the results a
ross these multiple data sets using the rules of Ru-bin (1987).3 Methodology3.1 Sto
hasti
 frontier modelsThe baseline sto
hasti
 frontier model used in this paper is that of Batteseand Coelli (1995), using as the ine�
ien
y term a normal distribution whoseexpe
ted value is made a fun
tion of explanatory variables (in
luding theagen
y status of the estate) and whi
h is trun
ated from below at zero. Index
8



the N = 108 sugar estates used in the inferential analysis by i, i = 1, . . . , N ,and time by t, t = t0, . . . , T , where t0 = 1814 and T = 1829. The unbalan
ednature of the panel means that not all estates are observed from 1814 and notall survive until 1829. De�ne the sugar output of estate i at time t as yit > 0,a fun
tion f of the fa
tors of produ
tion, the independently and identi
allydistributed idiosyn
rati
 error vit and an ine�
ien
y term, independent of v,given by the random variable φit ∈ [0, 1]:
yit = f(xit,β) exp(vit)φit. (1)

xit is a 1 × K ve
tor of observed explanatory variables, in
luding fa
torsof produ
tion and a time trend and β is a K × 1 parameter ve
tor to beestimated. Taking the logarithm of both sides of Eq. (1):
ln[yit] = ln[f(xit,β)] + vit + ln[φit].Assume a Cobb-Douglas produ
tion fun
tion, that is, de�ne f ≡ β0x

β1

1itx
β2

2itx
β3

3it,where x1it is the number of slaves used by estate i at time t, x2it is the totala
reage of the estate and x3it measures the number of years from 1813. Fur-ther, de�ne uit = − ln[φit] as the ine�
ien
y term. The baseline model to beestimated is then:
ln[yit] = ln(β0) + β1 ln[x1it] + β2 ln[x2it] + β3 ln[x3it] + vit − uit, (2a)

vit
iid
∼ N (0, σ2

v), (2b)
uit ∼ N+(µit, σ

2

u); vit, uit independent, (2
)
µit = β4 +

9
∑

j=5

βjxji + β10 ln[x3it] + β11x11it. (2d)Eq. (2d) shows that the mean of the (untrun
ated) normal distribution inEq. (2
), µit, is made a fun
tion of estate-spe
i�
 
hara
teristi
s: the es-tate's agen
y status x11, the parish/island lo
ation of the estate, given bythe dummy variables x5, . . . , x9,3 and x3, the time trend variable whi
h is3The parishes on St. Vin
ent are: Charlotte's (omitted from the model), St. George's,St. Andrew's, St. Patri
k's and St. David's. An additional dummy variable represents
9



also in
luded in the sto
hasti
 frontier. The presen
e of x3 in both thefrontier and the ine�
ien
y term allows separation of Hi
ks-neutral te
hno-logi
al 
hange (
hange whi
h operates equally on labour and 
apital, leavingmarginal produ
ts un
hanged) from time-dependent ine�
ien
y e�e
ts whi
hare not 
aptured by other variables in Eq. (2d) (Battese and Coelli, 1995,page 329; Coelli et al., 1998, page 37).Estimation is 
arried out using maximum likelihood, whi
h permits si-multaneous estimation of the parameters in both the frontier and ine�
ien
yparts of the model. The new sfpanel 
ommands for Stata were used (Be-lotti et al., 2012). Sin
e uit is a normal random variable trun
ated at zero,the following are the expressions for its expe
ted value and varian
e (Wang,2002, page 244):
E[uit] = σu

(

Λ +
g(Λ)

Φ(Λ)

)

, (3)var(uit) = σ2

u

(

1− Λ

[

g(Λ)

Φ(Λ)

]

−

[

g(Λ)

Φ(Λ)

]2
)

, (4)where Λ = µit/σu and g and Φ are, respe
tively, the probability density and
umulative distribution fun
tions of a standard normal distribution. Theseexpressions may be used to estimate the marginal e�e
ts for the impa
t ofagen
y on average estate ine�
ien
y. We use the �nite di�eren
e methodfor marginal e�e
ts (Cameron and Trivedi (2005, page 123)) to 
al
ulatethe 
onditional expe
tations E[uit|β̂,x
∗] using Eq. (3), where the regressors

x
∗ refer to those in Eq. (2d), 
hosen so that the `representative estate' ison Charlotte's Parish, and its e�
ien
y is evaluated over the years 1814 -1829. We 
al
ulate separate 
onditional expe
tations for agents and owners.Finally, se
ond order Taylor polynomials are used to obtain approximationsfor E[φit|β̂,x

∗] for agents and owners. These are required be
ause φit is anonlinear fun
tion of uit.4To test the sensitivity of the results of the baseline model to a

ommo-dating unobserved, estate-level, e�e
ts, two `unobserved e�e
ts models' areestates on the islands of Bequia, Mustique, Canouan and elsewhere.4 Sin
e φit = exp(−uit), a Taylor polynomial may be used to approximate E[φit|β̂,x∗]
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also estimated, namely the `true random e�e
ts' (TRE) and the `true �xede�e
ts' (TFE) models proposed by Greene (2005). These repla
e the 
om-mon inter
ept term in Eq. (2a) with ci, a random variable representing atime-invariant, estate-spe
i�
 e�e
t:
ln[yit] = ci + β1 ln[x1it] + β2 ln[x2it] + β3 ln[x3it] + vit − uit, (5)where vit and uit are as de�ned in Eqs. (2b) to (2d) and only the time-varyingvariables x3 and x11 are in
luded in Eq. (2d). The distin
tion between theTRE and the TFE model lies in whether or not ci is 
orrelated with theregressors. The TRE model assumes that ci is un
orrelated with the regres-sors; the TFE model assumes that ci and the regressors are 
orrelated. Themodel in Eq. (5), whether TRE or TFE, imposes `stri
t exogeneity', 
ondi-tional upon the unobserved e�e
t ci. That is, 
ontrolling for the regressorsand ci, xis, s 6= t is assumed to have no partial e�e
t on yit (Wooldridge,2002). Wooldridge explains the impli
ation of this assumption for modelsof farming: ci 
an 
apture the e�e
ts of estate-spe
i�
 quality of land andother unobserved, time-
onstant fa
tors, whi
h 
an in�uen
e yields. In any

t, 
ontrolling for inputs to the produ
tion pro
ess and ci, inputs in otherperiods are assumed not to a�e
t output in t.3.2 Missing dataA typi
al estate re
ord is shown in Table 1, where problems relating to miss-ing data (represented by a `.') are made 
lear. There is almost full in-formation available for the number of slaves and the output of the estate(these data mainly 
ome from the 
rop returns), but there are many missingvalues for a
reage and agen
y status (these mainly 
ome from the registryas follows:
E[φit|β̂,x

∗] ≈ exp(−uit)|E[uit|β̂,x∗] +
1

2
var(uit|β̂,x

∗) exp(−uit)|E[uit|β̂,x∗],where expressions for E[uit|β̂,x∗] and var(uit|β̂,x∗) are obtained from Eqs. (3) and (4),evaluated at the appropriate values of the regressors in x
∗: Charlotte's parish, for theyears 1814 - 1829 and for agents and owners (separately).
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Date Sugar Slaves A
res Agen
y31 Jan 1817 58 54 247 131 Jan 1818 65 54 . .31 Jan 1819 91 113 247 .31 Jan 1820 88 116 . .31 Jan 1821 117 93 . .31 Jan 1822 110 88 240 131 Jan 1823 84 86 . .31 Jan 1824 108 85 . .31 Jan 1825 . 85 . 131 Jan 1826 . . . .31 Jan 1827 94 77 240 .31 Jan 1828 92 76 . 131 Jan 1829 65 74 . .Table 1: Typi
al missingness pattern in the data set (the estate is `Belmont,se
ond settlement', in St. David's Parish, and `.'s represent missing values).returns). In
luding only those observations for whi
h 
omplete informationis available redu
es the sample size from around 1670 to around 350. Thispresents three major problems for estimation: �rstly, in
onsisten
y and inef-�
ien
y in parameter estimation; se
ondly, problems of 
onvergen
e; thirdly,the `in
idental parameters problem' in �xed e�e
ts models, whi
h 
an leadto in
onsistent varian
e parameter estimates owing to the small number ofobservations whi
h are used to estimate the nuisan
e, estate-spe
i�
, pa-rameters (Belotti and Ilardi, 2012). Multiple imputation methods are usedin an attempt to over
ome these problems and obtain 
onsistent parameterestimates.There is a large literature on the use of imputation methods (Little andRubin (2002) and Andridge and Little (2010)). For a 
ovariate X1, the`missingness me
hanism' des
ribes the probability of a variable having miss-ing values, given values of the variable itself and other variables in the dataset. Values are `missing 
ompletely at random' (MCAR) if the probability ofbeing missing is unrelated to the values of X1 itself or to the values of anyother variable(s) X: Pr(missing on X1 | X1, X) = Pr(missing on X1). Ob-
12



servations are `missing at random' (MAR) if the probability of observationsbeing missing is not related to the values of the variable itself but is relatedto the values of another variable (or variables): Pr(missing on X1 | X1, X) =Pr(missing on X1 | x). Finally, `missing not at random' (MNAR) o

urs ifthe missingness me
hanism is not MCAR or MAR, implying that the prob-ability of observations being missing is a fun
tion of the unseen values of
X1. Sin
e missing values on variables are, by de�nition, not observable, itis di�
ult, often impossible, to establish the true nature of the missingnessme
hanism.When observations are MCAR, a model estimated using only the observeddata will yield unbiased parameter estimates, albeit with a loss of e�
ien
y.When the missingness me
hanism is MAR or MNAR, biases result. Mod-ern statisti
al methods use a range of approa
hes to attempt to 
orre
t formissingness, o�ering the opportunity to explore the sensitivity of results tothe 
hoi
e of method. Two `multiple imputation' approa
hes are used in thispaper - a `hot de
k' approa
h (Mander and Clayton, 1999) in whi
h, for ea
hestate, a line of data with missing values is repla
ed by 
omplete line of datasampled from the estate using the approximate Bayesian bootstrap method ofRubin and S
henker (1986); a `multiple imputation using 
hained equations'approa
h (van Buuren et al., 1999), in whi
h a series of 
hained regressionsare estimated and used to impute missing values. Both approa
hes may beused if the missingness me
hanism is either MAR or MCAR.Prior to 
arrying out multiple imputation, ea
h estate in the sample was
onsidered in turn and ownership, returnership and a
reage information be-tween observation points was �lled in where it appeared reasonable to do so(this o

urred when, for example, a
reage or the name of the owner was thesame in su

essive registry returns). For both approa
hes, �ve imputed datasets were generated and the results were 
ombined using Rubin's rules (Ru-bin, 1987). The multiple imputation estimator of a parameter θK , K = 5,is the simply the average of the parameter estimates a
ross the �ve imputedmodels. The varian
e of the estimator is given by the sum of the within- andbetween-imputation varian
es, adjusted for bias as a result of using a �nite
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number of imputed data sets, as follows:var(θK) = varw +
K + 1

K
varb.where varw = K−1

∑K

k=1
var(θk) is the `within-imputation' varian
e andvarb = (K − 1)−1

∑K

k=1
(θ̂k − θ̄K)

2 is the `between-imputation' varian
e. Thetest statisti
 for a null of no e�e
t is then given by the ratio of θK to thesquare root of the varian
e, and has a t distribution on degrees of freedomwhi
h are a fun
tion of the number of imputations, varw and varb (Little andRubin (1987, page 257); Andridge and Little (2010)).4 Des
riptive and inferential analysis4.1 Des
riptive analysisThe �nal data set used for des
riptive analysis 
ontains 4165 observations on215 estates. 3573 observations 
ome from 
rop returns and 592 from registryreturns. Based on a 
omparison of the number of slaves with those re
ordedin the 
ensus years of 1817 and 1825, it is estimated that the data set in
ludesapproximately 83% of the slaves on SVG. The remaining 17% were based inthe port 
ity of Kingstown and in smaller settlements, working in 
rafts ordomesti
 servi
e outside the estates.Figure 3 plots the total number of estates re
orded in the 
rop returnsand registry returns by year, broken down a

ording to estate lo
ation (St.Vin
ent or the Grenadines) and 
rop type. The �gure also delineates estatesthat were re
orded as being agent-operated in the registry returns, togetherwith three key events: the 
losure of the transatlanti
 slave trade in 1807,the vol
ani
 eruption of 1812 and the trade sho
k of 1822, when restri
tionson West Indies exports to the United States were relaxed. The de�nitionof agen
y is based on the authors' 
lassi�
ation of ownership as re
orded inthe registry returns: agent-operated estates are de�ned as those where thereturner is 
lassi�ed as a manager (16%), attorney or agent (12%), trustee,exe
utor, guardian or re
eiver/administrator (2%), tenant (0.2%), or where
14



the returner shares his or her surname with the owner or part-owner (2.0%).If this information is not available, estates are 
lassi�ed as being in agen
ywhen the owner's name is not the same as the returner's name (26%) andwhen it is possible to identify an agent from a previous or subsequent RegistryReturn (13%). An estate is 
lassi�ed as being owner-operated if the returneris 
lassi�ed as the owner (27%) or if 
omparison within estates, over time,suggest this to be the 
ase (0.2%). It was not possible to assign an agen
ystatus in about 2% of 
ases.Owners typi
ally possessed a single estate: of the 115 owners listed inthe Registry Return of 1817, nine operated two estates and two operatedthree estates; for the Registry Return of 1827, the �gures are eight and two,respe
tively, for 73 estates. Most agents similarly managed a single property:of the 121 agents listed in the Registry Return of 1817, twelve managed twoestates, four managed three estates and one managed �ve estates; of the 107agents in the return for 1827, �ve managed two estates, two managed threeestates, and four managed more than four estates, in
luding one agent whomanaged twelve estates. Owners and agents were also distin
t groups: fewowners ever a
ted as agents and vi
e versa.Figure 3 shows that the number of estates in
reased from 148 in 1804to 158 in 1808, before de
lining to 109 in 1830. After a small redu
tionafter 1808, the number of estates on St. Vin
ent was reasonably 
onstant, ataround 100, whereas the number of estates on the Grenadines fell. In 1804,St. Vin
ent had approximately two-and-a-half times the number of estatesthan the Grenadines; by 1830, it had approximately seven times as many.Almost all of the estates on St. Vin
ent produ
ed sugar. On the Grenadines,the fall in numbers was due, primarily, to the 
losure of 
otton-produ
ingplantations. In 1804, 31 units, produ
ing minor staples, were operating onSVG, but by 1824 this number had fallen to 18 and by 1829 it was two.Comparison of the 
rop return and the Registry Return data shows goodagreement. Neither the vol
ani
 eruption of 1812, nor the trade sho
k of1822, had a major impa
t on trends.Figure 4 plots the number of slaves re
orded in the 
rop and registryreturns. The size of the enslaved population on the 
olony 
hanged little
15



1/1/1807: Trans−atlantic
slave trade abolished 27/4/1812: Volcanic eruption 1/1/1822: Trade shock
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1817 1821 1824 1827 1830Owner Agent Owner Agent Owner Agent Owner Agent Owner AgentNumber of estates by lo
ation(proportion of total number ofestates at lo
ation in paren-theses)St. Vin
ent 33 (0.33) 67 (0.67) 26 (0.27) 72 (0.73) 21 (0.22) 74 (0.78) 20 (0.22) 73 (0.78) 14 (0.16) 72 (0.84)Grenadines 14 (0.70) 9 (0.30) 9 (0.50) 9 (0.50) 7 (0.54) 6 (0.46) 5 (0.38) 8 (0.62) 6 (0.46) 7 (0.54)Average number of slaves onan estate (standard devia-tions in parentheses)St. Vin
ent 163 (96) 200 (132) 144 (85) 191 (120) 150 (85) 191 (124) 158 (93) 185 (113) 157 (95) 183 (108)Grenadines 81 (84) 152 (166) 103 (78) 151 (192) 154 (64) 151 (114) 178 (36) 169 (104) 185 (34) 164 (125)Number of estates produ
ingthe following 
rop 
ombina-tionsaSugar and rum 8 (0.28) 21 (0.72) 7 (0.21) 26 (0.79) 3 (0.60) 2 (0.40) 2 (0.20) 8 (0.80) - -Sugar, molasses and rum 23 (0.32) 48 (0.68) 20 (0.31) 44 (0.69) 19 (0.21) 72 (0.79) 21 (0.23) 71 (0.77) - -Cotton only 7 (0.70) 3 (0.30) 1 (0.17) 5 (0.83) 1 (0.33) 2 (0.67) 0 (0.00) 2 (100.00) - -Table 2: Estate 
hara
teristi
s a

ording to agen
y status, 1817 - 1830.aFigures presented only for 
rop 
ombinations with ten or more estates in one of the Registry Return years.
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over time: the 
rop returns re
ord total numbers as being 20195 in 1804,rising to a peak of 21385 in 1808 and falling to 19380 by 1829. The registryreturns data provide good agreement. The number of slaves working foragents remained reasonably stable over time, although the proportion roseslightly, re�e
ting a small redu
tion in the 
olony's slave population over thestudy period.Summary statisti
s for estates 
lassi�ed a

ording to their agen
y statusare presented in Table 2. The proportion of agent-managed properties roseover the study period be
ause estates whi
h 
eased produ
tion in the de
adeafter 1817 tended to be dire
ted by their owners. By 1830, 84% of propertieson St. Vin
ent and 54% on the Grenadines were in the hands of agents(up from 67% and 30% in 1817, respe
tively). Estates run by agents were,on average, larger than those operated by their owners. The six largestunits (with slave numbers ranging from 410 to 689) were all 
ontrolled byagents. Data from the registry return of 1817 reveals that, when estatesare 
ompared a

ording to agen
y type, there is little di�eren
e between thegender ratio (the proportions of male and female slaves on owner- and agent-operated estates were 0.52 and 0.50, respe
tively), the average ages of malesand females (26.0 (standard deviation = 2.7) and 27.2 (standard deviation =2.8), respe
tively) and the proportion of slaves assigned to skilled o

upations(0.13 and 0.10, respe
tively).Figures 5(a) and (b) show the output of sugar, rum, and molasses onSVG. Sugar produ
tion de
lined on both lo
ations between 1805 and 1812.Thereafter, output re
overed but remained more volatile on the Grenadines(probably re�e
ting greater variation in annual rainfall). The share of thethree major staples grown on the smaller islands remained small, at around7% to 10%. After 1822, rum produ
tion fell sharply in both lo
ations whilemolasses output surged. The temporary shift from rum to molasses in 1822most likely re�e
ts 
hanging trading 
onditions, whi
h favoured the exportof 
rude molasses, rather than the distillation of rum on the island.55Export data for 1822, 1824, and 1827-9 show that molasses were 
hie�y exported toBritain (82% market share), with North Ameri
a and the USA providing a se
ondaryoutlet (15%). In 
ontrast, rum's largest market was North Ameri
a and the USA (50%),with Britain o

upying a supplementary position (27% share). A fall in the pri
e of rum
18
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The minor staples of 
o�ee and 
o
oa were only produ
ed on St. Vin
entand 
otton only on the Grenadines. Analysis of the revenues generated bysugar, rum and molasses shows that these three outputs a

ounted for around97% of the 
olony's total in 1804 and 98.5% in 1824. In summary, sugar andsugar-related 
rops dominated produ
tion on the islands.Figure 8 in the appendix plots labour produ
tivity data for the sugar-related 
rops. Output per slave of sugar and rum was about one and a halfto three times higher on St. Vin
ent than on the Grenadines. Produ
tivityof sugar on St. Vin
ent fell from 1803 and 
ontinued to fall after abolitionof the trans-atlanti
 slave trade, re
overing after 1812. Produ
tivity of rumand molasses remained relatively stable until the 1820s, whereas for sugar it�u
tuated during the early years of the survey period.4.2 Inferential analysisResults 
ombining the parameter estimates from the �ve imputed data sets,for the baseline models and the unobserved e�e
ts models, are reported inTable 3. The full set of results for ea
h imputed data set are reported inTables 5 to 9 of the appendix.6 All models use 
luster-robust standard errorsat estate level, to allow for the likely 
orrelation of error terms over timewithin estates. All models were estimated on 108 sugar estates, with 1666observations in total. The average number of observations per estate is 15.4.The general �ndings from the two baseline Battese-Coelli models reportedin Table 3 are as follows. The `ine�
ien
y 
omponent' λ = σu/σv is sig-ni�
antly di�erent from zero, lending support to the use of the sto
hasti
frontier model. The 
ombined results from the hotde
k data sets and the
hained equations data sets are reasonably similar, espe
ially for the statisti-
ally signi�
ant 
oe�
ients: there is a strong, positive relationship betweenthe number of slaves employed on an estate and the output of sugar. Therelative to molasses, 
oupled with the lifting of restraints on British-U.S. trade in 1822,boosted exports of molasses to the USA (Gayer et al. (1953, pages 674-9, 719-20, 729-30);Ragatz (1927, pages 9-10); Cole (1938); Davidson (1900, pages 33-34)).6The true �xed e�e
ts models based on hotde
k imputations en
ountered 
onvergen
eissues and so 
annot be reported.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 yearsBattese Coelli (1995) True random e�e
ts True �xed e�e
tsHotde
k Chained Hotde
k Chained ChainedFrontierLn Slaves 1.011*** 1.067*** 0.423*** 0.871*** 0.759***(15.59) (21.01) (3.55) (9.44) (6.88)Ln A
res 0.033 -0.010 0.152 0.021 0.019(0.54) (-0.20) (1.23) (0.50) (0.40)Ln Time -0.018 0.011 -0.027 0.034 0.032(-1.27) (0.48) (-2.18) (1.95) (1.86)Constant 0.179 0.047 1.200 0.549 -(0.55) (0.21) (2.21) (1.14) -Mean ine�
ien
ySt. George's Parish 0.238 0.337 - - -(0.996) (1.48) - - -St. Andrew's Parish 0.255 0.152 - - -(1.05) (0.56) - - -St. Patri
k's Parish 0.996*** 1.025*** - - -(4.61) (4.28) - - -St. David's Parish 0.635** 0.638* - - -(2.89) (2.84) - - -Grenadines 1.324*** 1.465*** - - -(5.12) (5.14) - - -Agen
y -0.238* -0.273* -0.624 -0.567 -0.533(-2.42) (-2.69) (-1.28) (-1.80) (-1.76)Ln Time -0.072* -0.098 -0.658 -0.157 -0.154(-2.02) (-1.73) (-1.51) (-1.18) (-1.23)Constant 0.191 -0.074 - - -(0.87) (-0.79) - - -
λ maximum 3.79*** 2.97*** 11.00*** 2.59*** 2.56***
λ minimum 3.36*** 2.59*** 6.52*** 3.16*** 3.16***Table 3: Sugar e�
ien
y models: 
ombined results for ea
h model using the�ve imputed data sets. Tables 5 to 9 in the appendix present the resultsfor ea
h imputed data set. Omitted dummy variable for lo
ation is Char-lotte's Parish. t statisti
s in parentheses. λs in the �nal two rows report themaximum and minimum values of λ = σu/σv from the imputed data sets. *

p < 0.05, ** p < 0.01, *** p < 0.001.
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elasti
ity of output with respe
t to the number of slaves is estimated to bearound 1. There is no eviden
e to suggest that a
reage and output are rel-ated. This is possibly the result of measurement error in the a
reage variable,whi
h 
aptures the total estate a
reage rather than the a
reage under 
rop.In the `ine�
ien
y' part of the model, it should be noted that, given thespe
i�
ation in Eq. (2d), a positive 
oe�
ient suggests greater ine�
ien
y.The parameter estimates for agen
y in the two baseline models are -0.238(p = 0.02) in the hotde
k model and -0.273 (p = 0.01) in the 
hained equa-tion model. Using Eqs. (3) and (4) and the Taylor approximation that isdis
ussed in footnote 4, Figure 6 plots the estimate of the average e�
ien
yof estates under agents and owners on Charlotte's parish over the time hori-zon of the study, based on the results of the third imputation from Table5. Also provided, for 
omparison, are the averages for the Grenadines. Theplot shows that e�
ien
y in
reases gradually over time, with estates oper-ating under agents on Charlotte's parish enjoying around a 6% premium, asmeasured by the ratio of the estimated average e�
ien
y of agent-operatedestates to the average e�
ien
y of owner-operated estates. Average levels ofe�
ien
y on the Grenadines are seen to be mu
h lower, whi
h is 
onsistentwith the story in Figure 8. The agen
y `premium' appears to be higher (ataround 20%).Strong lo
ational e�e
ts are also found in the baseline models. The evi-den
e in Table 3 suggests that the parishes of St. Patri
k's and St. David'swere, on average, less e�
ient than Charlotte's Parish. Charles Shephard,the 
ontemporary historian of St. Vin
ent, observed that planting in St.Patri
k's parish was inhibited by steep gradients and thinner soils. He re-garded St. David's more favourably, noting that it was the �rst area to besettled by the Fren
h 
olonists (Shephard, 1831, pages 13-14). Mid-twentieth-
entury surveys, however, indi
ate that these two parishes were generally in-ferior in terms of soil quality, drainage, slope, and sus
eptibility to erosion(Watson et al., 1958, pages 47-70). Analysis of sugar mill lo
ations similarlyindi
ates that estates in St. Patri
k's and St. David's parishes o

upied siteswith greater mean slope and height above sea level, whi
h is 
onsistent with
22



Figure 6: Estimated average e�
ien
y of sugar produ
tion for estates onCharlotte's Parish and the Grenadines a

ording to agen
y status, 1814 -1829.

Figure 7: Estimated average e�
ien
y of revenue generation from sugar,molasses and rum produ
tion for estates on Charlotte's Parish and theGrenadines a

ording to agen
y status, 1814 - 1829.
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Pri
e in t Pri
e in t+ 1Battese Coelli (1995)Hotde
k -0.353* -0.265**(-2.52) (-2.73)Chained -0.360*** -0.358***(-3.47) (-4.52)True random e�e
tsHotde
k -0.504 -(-0.83) -Chained -0.463 -0.461*(-1.88) (-2.43)True �xed e�e
tsChained -0.389 -0.374*(-1.77) (-2.36)Table 4: Results of revenue e�
ien
y models: sensitivity analysis of resultsfor agen
y. SEs adjusted for 
lustering by estate. t statisti
s in parentheses.* p < 0.05, ** p < 0.01, *** p < 0.001.higher erosion risk.7Turning to the sensitivity analysis of the agen
y result, the TRE and TFEmodels that are reported in Table 3 report negative parameter estimates foragen
y, but none of them rea
h statisti
al signi�
an
e at the 5% level in atwo-tailed test. Taken together, the results of Table 3 provide no eviden
ethat agent-operated estates were less e�
ient than those that were operatedby their owners, and some eviden
e that they were more e�
ient.Additional sensitivity analysis was used to investigate whether the resultsfor agen
y 
hange when the output measure used for the frontier model istotal estate revenue from sugar 
rops, measured as the sum of the value ofthe sugar, rum and molasses output at 
onstant London pri
es for domesti
and imported goods (using the Gayer-Rostow-S
hwartz 
ommodity pri
e in-dex, see Mit
hell (1988)). This measure 
aptures the in
ome that plantershypotheti
ally would have re
eived had output of sugar, rum, and molassesbeen shipped to London and sold at average pri
es. The point estimates andt-statisti
s for the measures of agen
y for these models are reported in Table7Results of GIS analysis. The meta data is des
ribed in Smith (2010, pages 4-6).
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4. The �rst 
olumn results 
al
ulates revenue using output and pri
es in thesame year; the se
ond uses output in year t and pri
e in year t + 1. Theresults are, generally, 
onsistent with those already dis
ussed, in that thereremains no eviden
e that agents were less e�
ient than owners at runningthe a�airs of the estate, and some eviden
e that they were more e�
ient.Figure 7 plots the average e�
ien
y using results from imputation 2 of theBattese-Coelli (1995) 
hained equation model for revenue, 
al
ulated usingthe pri
e in t. It shows, again, eviden
e of an agen
y premium for revenuegeneration and a large di�eren
e between e�
ien
y of estates on Charlotte'sparish and the Grenadines. There is no eviden
e to suggest that e�
ien
y inrevenue generation 
hanged over time.5 Dis
ussionThe �ndings of the sto
hasti
 frontier models provide no eviden
e to sup-port the 
ontention that agents were, on average, less e�
ient than ownersin produ
ing output and revenues. On the 
ontrary, there is some eviden
eto suggest that they were more e�
ient. These results do not absolve agentsentirely of the traditional 
harges levied against them, nor are they strongenough to endorse all aspe
ts of Higman's revisionism. Absentee plantersexpressed 
on
ern, during the amelioration debates, that maximising sugarprodu
tion was a
hieved at too great a 
ost in terms of the health and welfareof the enslaved population (Forster and Smith, 2011, page 909). Unfortu-nately, demographi
 sour
es are not su�
ient to test whether the su

ess ofagents on SVG was founded on unsustainable labour management pra
ti
es.The �nding that agen
y was widespread on SVG is 
onsistent with thepattern of settlement. Following the 
on
lusion of the 2nd Carib War (1795-6), the last remaining tra
ts of land on the Windward side were brought into
ultivation. After 1814, new sugar estates on the main island 
ould only be
reated through merging or sub-dividing existing properties, as 
ane 
ulti-vation entered its mature phase. The opportunities for industrious settlersto be
ome planters, therefore, re
eded. By the early nineteenth 
entury, themean age of owners lay between 53 and 54 years, re�e
ting the tenden
y of
25



planters to a
quire estates through inheritan
e or marriage (Smith, 2013).Ni
hes were thus 
reated for managers to o

upy, whose knowledge and en-ergy 
an be expe
ted to have been at least equal to that of their employers.Studies of the prin
ipal-agent problem elsewhere in the Atlanti
 e
onomydemonstrate that stri
ter a

ounting te
hniques and better designed 
on-tra
ts (in
luding the use of bonds and staged salary rises) were e�e
tive inminimising managerial abuses (Carlos and Ni
holas, 1990). Although there islittle dire
t eviden
e regarding pra
ti
es on SVG, the use of these te
hniqueson the nearby 
olony of Barbados suggests strongly that owners 
ould drawon a 
ommon pool of knowledge, helping to explain the absen
e of an agen
ypenalty (Smith, 2006, page 236).Higman's bolder 
laim that the development of managerial hierar
hiesrendered absenteeism e
onomi
ally viable is harder to substantiate using theresults. The Battese-Coelli models �nd agen
y and e�
ien
y to be posi-tively asso
iated, but 
annot separate a true agen
y e�e
t from unobservedstru
tural estate 
hara
teristi
s. Greene's models address this problem, buta statisti
ally signi�
ant e�e
t of agen
y is not observed in all of the models.Further, it is di�
ult to know whether, over time, managers were drawn toproperties that were more produ
tive and, therefore, 
apable of bearing the
ost of an agent's salary.Future resear
h 
ould 
onsider exploring the potential endogeneity prob-lem in the relationship between agen
y status and estate performan
e. Asnoted in se
tion 3, the sto
hasti
 frontier models impose what is 
alled `stri
texogeneity' on the regressors, an assumption whi
h may not hold if, overtime, the e�
ien
y of estates a�e
ted their agen
y status. There appearsto be limited examination of su
h a problem in the sto
hasti
 frontiers lit-erature: Habib and Ljungqvist (2005) estimate sto
hasti
 frontier modelsof managerial performan
e and test for possible bias owing to endogeneitybetween �rm performan
e and the in
entives of managers; Bloom and VanReenan (2007), in their study of management pra
ti
es a
ross a range of�rms and 
ountries, use instrumental variables in an attempt to 
ir
umventsimilar problems. Future resear
h 
ould also explore more re�ned methodsof multiple imputation and assess the sensitivity of results to the te
hnique
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used to generate the imputed data sets.Considering the �ndings as they stand, this study presents eviden
e thatestates in agen
y were at least as produ
tive as those operated by their own-ers. It is important to distinguish, however, between relative and absolutee�
ien
y. Nothing in the pre
eding analysis implies that plantation agri
ul-ture was superior to alternative modes of produ
tion. Comparative analysissimply provides a rationale for the prevalen
e of absenteeism by suggestingthat agents a
hieved output levels at least as good as owners 
ould havese
ured with the same inputs. The 
omparisons are, however, 
entered on
onditions prevailing during the early nineteenth 
entury. Whether non-residen
y 
ompromised planters' 
apa
ity to respond to so
ial and e
onomi

hallenges over a longer time period remains an open question.A
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es of data and additionalresultsThe data set spans the years 1801 to 1830, with no data available for theyears 1825 and 1826 and limited information for 1801 - 1803 and 1830. It is
ompiled from two main sour
es. The `
rop returns' (whi
h 
over the years1801 - 1824 and 1827 - 1829) re
ord annual de
larations of slave numbers,estate size in a
res, 
rop outputs and details of land ownership at the timethe sour
e was 
ompiled. Information on the ownership status of estates is
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available in the 
rop returns of 1814, 1818 and 1824. The `Registry Returns'are o�
ial do
uments monitoring the numbers of slaves on plantations in theyears 1817, 1821, 1824, 1827 and 1830.8The 
rop returns are in three formats:1. a po
ket book listing output of estates on SVG between 1801 and1814, in
luding ownership information in 1814, a

essioned with `AnAlmana
k Cal
ulated for the Island of St. Vin
ent';92. a printed book 
overing the years 1801 - 1818 and 1819 - 1824. Thisin
ludes information on ownership in 1818 and 1824 and is entitled: `AnA

ount of the Number of Slaves Employed, and Quantity of Produ
eGrown, on the Several Estates in the Island of Saint Vin
ent and itsDependen
ies, from the year 1801 to 1818; and from that period to1824, in
lusive';103. a printed book detailing 
rop returns for 1827 - 1829, in
luding owner-ship information in 1829.11Crop return data is not available for the Grenadines prior to 1804.The 
rop returns list estates by owner, together with 
rop output andinformation about the number of slaves, on pain of a penalty of ¿50 
urren
y(Laws of St. Vin
ent, 1884, 200-14). A 
onsolidating law ena
ted in 1821required that these returns be submitted between the 1st and the 15th ofJanuary ea
h year and so a date of 31st January is assumed for all 
rop re-turns. We further assume that the re
orded owner refers to the owner of theestate at the time the sour
e was 
ompiled, unless the estate 
eased produ
-tion before this date, in whi
h 
ase it is assumed that ownership informationrefers to the owner of the estate at the last date for whi
h output informationfor that estate is available. The data for output, slaves and a
reage in themanus
ript for 1801-14 (des
ribed in point 1. above) agrees with the printedbook for 1801-18 (des
ribed in point 2. above), but with fewer missing datapoints. Hen
e the sour
e des
ribed in point 1. above for estate a
reage databetween 1801 and 1814 is used.The registry returns re
ord the names of owners, returners and details ofslave numbers. The Registry Return of 1817 is a full 
ensus of the enslavedpopulation. Returns for 1821, 1824, 1827 and 1830 list between-Registry8The National Ar
hives: Publi
 Re
ord O�
e.9Kingstown: St. Vin
ent, 1808 and 1809, Bodleian Library of Commonwealth andAfri
an Studies at Rhodes House, University of Oxford, RHO Retro Sta�.10Compiled from the o�
ial returns. (Kingstown: St. Vin
ent, 1825).11From Shephard (1831, appendix, vi-xxvi).
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1/1/1807: Trans−atlantic

slave trade abolished 27/4/1812: Volcanic eruption 1/1/1822: Trade shock
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ontaining 1,500lbs; rum in pun
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ontaining 110 imperialgallons; molasses in pun
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ontaining 100 imperial gallons℄.Return additions (mainly births) and losses (mainly deaths) to ea
h estate'spopulation.Comparison of the Registry Return data for 1827 suggests that a smallnumber of non-sugar produ
ing estates re
orded as operating in the Reg-istry Return were not tabulated in Shephard's 
rop return a

ount. Mostlikely, these 
eased operations prior to 1829, when Shephard 
ompiled hisinformation.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 years Imputed data set1 2 3 4 5FrontierLn Slaves 1.005*** 1.047*** 0.996*** 1.035*** 0.973***(20.81) (17.36) (18.68) (15.03) (21.16)Ln A
res 0.043 0.019 0.042 0.018 0.043(0.71) (0.31) (0.73) (0.30) (0.75)Ln Time -0.022 -0.020 -0.023 -0.008 -0.015(-1.85) (-1.81) (-1.87) (-0.62) (-1.24)Constant 0.133 0.076 0.215 0.127 0.328(0.46) (0.25) (0.73) (0.40) (1.15)Mean ine�
ien
ySt. George's 0.217 0.196 0.268 0.217 0.293(0.85) (0.79) (1.14) (1.00) (1.36)St. Andrew's 0.202 0.234 0.309 0.210 0.320(0.80) (0.95) (1.35) (0.91) (1.51)St. Patri
k's 1.073*** 0.954*** 1.006*** 0.923*** 1.023***(5.13) (4.48) (4.85) (4.91) (4.83)St. David's 0.679** 0.608** 0.671** 0.583** 0.637**(3.02) (2.69) (3.21) (2.88) (2.95)Grenadines 1.400*** 1.324*** 1.340*** 1.216*** 1.338***(5.28) (5.14) (5.71) (5.36) (5.30)Agen
y -0.241* -0.225* -0.201* -0.247** -0.278**(-2.41) (-2.31) (-2.22) (-2.80) (-3.05)Ln Time -0.085* -0.082* -0.066* -0.063 -0.065*(-2.29) (-2.51) (-2.09) (-1.79) (-2.02)Constant 0.117 0.208 0.170 0.242 0.217(0.51) (0.96) (0.82) (1.30) (0.99)
σu 0.479*** 0.479*** 0.456*** 0.452*** 0.460***(7.49) (8.24) (9.04) (9.00) (9.79)
σv 0.143*** 0.134*** 0.120*** 0.130*** 0.125***(5.85) (6.06) (5.63) (4.23) (5.08)
λ 3.359*** 3.580*** 3.790*** 3.480*** 3.688***(54.11) (62.85) (74.72) (70.09) (69.24)
χ2 758 524 624 460 748Table 5: Results of Battese Coelli (1995) models using hotde
k imputations.SEs adjusted for 
lustering by estate. t-statisti
s in parentheses. * p < 0.05,** p < 0.01, *** p < 0.001.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 years Imputed data set1 2 3 4 5FrontierLn Slaves 1.079*** 1.066*** 1.043*** 1.089*** 1.058***(21.13) (23.75) (23.22) (23.60) (22.49)Ln A
res -0.024 -0.016 0.009 -0.020 -0.001(-0.45) (-0.33) (0.19) (-0.41) (-0.01)Ln Time 0.025 0.005 0.009 0.009 0.007(1.17) (0.24) (0.43) (0.42) (0.35)Constant 0.041 0.072 0.076 -0.008 0.057(0.17) (0.32) (0.33) (-0.04) (0.26)Mean ine�
ien
ySt. George's 0.369 0.357 0.320 0.345 0.294(1.59) (1.41) (1.55) (1.52) (1.42)St. Andrew's 0.182 0.168 0.179 0.110 0.122(0.68) (0.55) (0.74) (0.39) (0.49)St. Patri
k's 1.027*** 1.106*** 0.973*** 1.054*** 0.964***(4.30) (4.21) (4.84) (4.43) (4.64)St. David's 0.650** 0.687** 0.606** 0.647** 0.600**(2.89) (2.71) (3.14) (2.86) (2.97)Grenadines 1.479*** 1.515*** 1.416*** 1.522*** 1.392***(5.14) (4.91) (5.98) (5.17) (5.46)Agen
y -0.258** -0.264** -0.336*** -0.291** -0.214*(-2.84) (-2.79) (-3.95) (-3.26) (-2.56)Ln Time -0.069 -0.117* -0.086 -0.118* -0.102*(-1.35) (-2.21) (-1.71) (-2.22) (-1.96)Constant -0.003 -0.008 0.169 0.077 0.133(-0.01) (-0.02) (0.72) (0.27) (0.54)
σu 0.482*** 0.499*** 0.476*** 0.503*** 0.477***(9.79) (9.89) (11.06) (10.12) (10.13)
σv 0.186*** 0.188*** 0.167*** 0.169*** 0.169***(9.31) (7.86) (9.23) (8.42) (8.51)
λ 2.588*** 2.649*** 2.844*** 2.974*** 2.824***(52.29) (49.24) (64.34) (63.12) (61.12)
χ2 901 1056 932 1104 1008Table 6: Results of Battese Coelli (1995) models using 
hained equations im-putations. SEs adjusted for 
lustering by estate. t-statisti
s in parentheses.* p < 0.05, ** p < 0.01, *** p < 0.001.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 years Imputed data set1 2 3 4 5FrontierLn Slaves 0.487*** 0.308*** 0.397** 0.510*** 0.415***(10.88) (4.32) (2.73) (8.29) (14.31)Ln A
res 0.333*** 0.147* 0.085* 0.097 0.099**(7.20) (2.22) (2.32) (1.68) (3.06)Ln Time -0.037*** -0.030*** -0.032*** -0.019** -0.015(-5.69) (-3.92) (-4.17) (-3.16) (-1.73)Constant 0.867*** 2.678*** 2.556*** 1.711*** 2.176***(6.48) (5.78) (3.97) (4.15) (15.20)Mean ine�
ien
yAgen
y -0.847 -0.668 -0.669 -0.456 -0.479(-1.37) (-1.30) (-1.63) (-1.37) (-1.50)Ln Time -1.075* -0.787* -0.587*** -0.461** -0.377**(-2.04) (-2.17) (-3.59) (-2.66) (-2.94)
σu 0.811*** 0.673*** 0.630*** 0.564*** 0.583***(3.78) (4.04) (5.82) (5.03) (7.30)
σv 0.075*** 0.090*** 0.094*** 0.086*** 0.053(5.32) (6.77) (2.82) (5.47) (1.30)
λ 10.82*** 7.443*** 6.718*** 6.525*** 11.004***(49.11) (43.49) (52.38) (55.85) (110.44)
χ2 1089 55.16 45.94 93.49 427.68Table 7: Results of Greene's true random e�e
ts models using hotde
k im-putations. SEs adjusted for 
lustering by estate. t-statisti
s in parentheses.* p < 0.05, ** p < 0.01, *** p < 0.001.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 years Imputed data set1 2 3 4 5FrontierLn Slaves 0.812*** 0.850*** 0.882*** 0.957*** 0.857***(10.57) (11.51) (11.70) (13.22) (15.49)Ln A
res 0.018 0.036 0.043 -0.007 0.017(0.44) (0.99) (1.34) (-0.17) (0.51)Ln Time 0.040* 0.032 0.030 0.039* 0.031*(2.27) (1.91) (1.83) (2.23) (1.98)Constant 0.891* 0.576 0.361 0.267 0.651(2.21) (1.55) (0.97) (0.56) (1.91)Mean ine�
ien
yAgen
y -0.439 -0.603* -0.851** -0.462* -0.479*(-1.93) (-2.13) (-2.89) (-2.19) (-1.99)Ln Time -0.098 -0.167 -0.178 -0.156 -0.185(-0.94) (-1.18) (-1.31) (-1.24) (-1.47)
σu 0.491*** 0.533*** 0.576*** 0.540*** 0.546***(5.81) (5.45) (6.18) (5.86) (6.09)
σv 0.190*** 0.197*** 0.189*** 0.184*** 0.173***(14.46) (11.42) (11.15) (11.98) (11.11)
λ 2.587*** 2.698*** 3.053*** 2.939*** 3.159***(28.97) (25.98) (30.54) (29.97) (33.63)
χ2 124 165 161 180 244Table 8: Results of Greene's true random e�e
ts models using 
hained equa-tions imputations. SEs adjusted for 
lustering by estate. t-statisti
s in paren-theses. * p < 0.05, ** p < 0.01, *** p < 0.001.
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All models:
N = 1666 observations on 108 estatesAverage length = 15.4 years Imputed data set1 2 3 4 5FrontierLn Slaves 0.691*** 0.724*** 0.767*** 0.873*** 0.739***(8.96) (8.28) (8.77) (11.18) (10.96)Ln A
res 0.015 0.031 0.045 -0.008 0.014(0.36) (0.71) (1.08) (-0.18) (0.34)Ln Time 0.036* 0.030 0.027 0.037* 0.030*(2.10) (1.81) (1.64) (2.15) (1.98)Mean ine�
ien
yAgen
y -0.414 -0.558* -0.798** -0.429* -0.465*(-1.87) (-2.05) (-2.77) (-2.02) (-1.98)Ln Time -0.109 -0.157 -0.175 -0.152 -0.177(-1.08) (-1.16) (-1.37) (-1.23) (-1.51)
σu 0.474*** 0.500*** 0.543*** 0.511*** 0.526***(5.81) (5.21) (5.97) (5.47) (6.06)
σv 0.185*** 0.194*** 0.186*** 0.182*** 0.167***(14.22) (10.93) (10.49) (11.08) (10.49)
λ 2.562*** 2.577*** 2.913*** 2.810*** 3.157***(29.52) (25.01) (29.35) (27.90) (34.23)
χ2 80 73 79 131 128Table 9: Results of Greene's true �xed e�e
ts models using 
hained equationsimputations. SEs adjusted for 
lustering by estate. t-statisti
s in parenthe-ses. * p < 0.05, ** p < 0.01, *** p < 0.001.
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