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that is, either the on- or off-movement record (or potentially 
both) is missing, or the two reports for a movement contain 
different information, the discrepancy is recorded in the data 
as explained below (movement type codes) and the best guess 
as to the movements of the animal is inferred automatically. 
When the data are poor for a particular animal, its move-
ments may be impossible to retrieve.

Because the location data record animal locations, not 
movements, for the analyses below the data were reorgan-
ised into a new table describing each movement, by match-
ing the off-movement of each stay with the on-movement 
of the subsequent stay. This table then contained ID codes 
for each animal, its source and destination locations, and a 
movement type code for each off- and on-movement. These 
type codes are important when considering the quality of the 
data: they indicate whether a movement was a completely 
reported movement, or was inferred by either the BCMS or 
RADAR. Many of the inferred moves were inferred when only 
one of the two movement reports for an animal movement 
was received by BCMS. Births and deaths are not considered 
in this analysis.

The resultant ‘moves’ table was analysed to provide sum-
mary statistics for each location, using the full dataset. The 
average distance travelled to and from, the number of other 
premises dealt with (the location ‘degree’) and the numbers 
of cattle moved were calculated for each location, for both the 
on- and off-movements. The average population size and the 
proportions of movement records that were ‘normal’ (defined 
as movement records for which no special inference code was 
supplied by either the BCMS or RADAR) were also included. Not 
all the statistics could be inferred for all locations; for exam-
ple, without coordinates for a location, the distances travelled 
cannot be calculated. For 18 per cent of the premises active in 
the movements data, georeferencing (coordinates) data miss-
ing in the CTS were taken from the JAC, providing georefer-
ences for all but 1 per cent of the active premises.

Data analysis
Data were extracted from the database by using C++ and 
Microsoft Access, and analysed using Minitab. The propor-
tions of off- and on-movement records that were ‘normal’ (as 
defined above) were tabulated according to the off- and on-
location statistics, including the location degree, the number 
of animals moved, and the average distance travelled to or 
from a location. Other movement categories, such as the 
region and county, type of location, and calendar month, 
were already present in the data. Movement records were 
also tabulated according to the animal’s age (derived from 
birthdates provided in the ‘livestock data’ table), its sex, breed 
purpose, and the length of stay before or after a movement. 
There were ‘unknown’ categories for many of these analy-
ses when categorical data were missing for particular move-
ments, locations or animals.

ANIMAL movements are a considerable risk factor for the 
transmission of various diseases, including bovine tubercu-
losis (Gilbert and others 2005) and foot-and-mouth disease 
(FMD) (Gibbens and others 2001, Kao 2002). Tracing the 
movements makes it possible to determine an animal’s ori-
gin, which is important for BSE tracing (Stevenson and oth-
ers 2005). The Cattle Tracing System (CTS), operated by the 
British Cattle Movement Service (BCMS) (BCMS 2005), was 
launched in September 1998, to satisfy European Union leg-
islative requirements and to improve consumer confidence 
in an industry coping with BSE (Anon 2003). Recording of 
all cattle has been compulsory since 2001 (Fig 1), and cat-
tle passports have been mandatory for newborn calves since 
1996.

More recently, as part of the implementation of the 
Department for Environment, Food and Rural Affairs 
(DEFRA) UK Veterinary Surveillance Strategy, a project called 
RADAR (Rapid Analysis and Detection of Animal-related 
Risks) (DEFRA 2005a) has been commissioned to improve 
the collation and use of veterinary surveillance data, includ-
ing the CTS. RADAR provides CTS data in the form of ‘animal 
stays’, a unique lifetime record of the location of each known 
animal. As with any data source, the CTS data are subject to 
errors and omissions (Mitchell and others 2005). If the errors 
are random, any conclusions based upon the data will usu-
ally be robust, although the errors will reduce their precision. 
However, any systematic bias may compromise the utility of 
the data more seriously. This paper examines the distribution 
of errors in the CTS animal histories data, to identify where 
movements are consistently unreported or reported incor-
rectly.

MATERIALS AND METHODS

Source data
CTS data from the introduction of cattle passports in late 
1996 until April 30, 2005, were considered (Fig 1). Unique ID 
numbers identify each animal and location, and locations are 
also identified through CPH (county/parish/holding) codes, 
the location identifiers used in the June Agricultural Census 
(JAC) for 2003 (DEFRA 2005b), which provides estimates of 
cattle populations.

Each CTS movement record consists of a movement off 
one location and a corresponding movement on to another, 
linked only by the animal’s ear-tag number. The CTS requires 
both sender and receiver to submit a movement report, and 
either or both may be missing or incorrect. These separate 
movement records are then paired to provide a record of the 
locations of each animal through time. When there are mul-
tiple intermediate locations within a day, determination of 
the animal’s route through these locations can be difficult 
(Mitchell and others 2005). When the records are incomplete, 
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The descriptive statistics indicate for which types of move-
ments, animals or locations there is a tendency for move-
ments to be reported incorrectly. However, they do not allow 
causal factors to be identified, because there will be strong 
correlations between the explanatory variables. For example, 
there will be more movements through markets than through 
farms, and the locations that deal with a larger number of 
other locations will be largely those through which there are 
a large number of movements.

A general linear model (GLM) was used to unravel these 
correlated factors. The response variables used were the pro-
portion of ‘normal’ movements (on or off) for each location 
for all the data, transformed into an empirical logit L=1n(1/2 
+ v)–1n(1/2 + n –v), where v is the number of normal move-
ments and n is the total number of movements for each loca-
tion (Sokal and Rohlf 1995). This response variable makes it 
possible to ask what factors are correlated with, or are respon-
sible for, underreporting or misreporting of movements. The 
continuous explanatory variables used, for example, the aver-
age location population and the average movement distance, 
were all positively skewed, and were transformed before per-
forming the GLM by taking their logarithms. County code was 
included as an additional factor.

The JAC (DEFRA 2005b) provides population estimates 
for cattle for each location in the country, identified by CPH 
code. However, the JAC is not a complete census, and miss-
ing records are therefore imputed. The CTS data also provide 
population estimates for each location, with estimates being 
available for June 1, 2003, the day before the census. How 
these two population estimates matched was investigated by 
cross-referencing them through their CPH codes. The method 
of principal axes (Sokal and Rohlf 1995) was used to identify 
the relationship between the two population estimates, and 
was applied to the square-root-transformed data.

RESULTS

Descriptive statistics
Of all the movement data, 64 per cent were ‘normal’ move-
ment records as defined above, without a movement type code 
supplied by the BCMS or RADAR indicating that they had been 
inferred in some way. Of the rest, 18 per cent had a move-
ment type code supplied by RADAR for one end point, and 12 
per cent had a code for both end points; the BCMS supplied a 
movement type code for one end point of 10 per cent of the 
records, and for both end points of 1 per cent of them.

Fig 2 shows the number of known cattle movements 
across time, which had a repeatable seasonal pattern at an 
approximately constant annual level since 2002 (see also 
Mitchell and others 2005). The disruption caused by the FMD 
epidemic in 2001 is clearly visible. The proportion of move-
ment records that are ‘normal’ reported movement records 
has been consistent since 2002, whereas the majority of the 
movements before 1999 were inferred from other sources. 
Thus, the data from 2002 to 2004 can be taken as representa-
tive of the current activity of the CTS system. Overall, off-
movements were reported more often than on-movements. 
The decrease in reported movements in the most recent data 
was due to delays in recording.

There was little regional variation in the proportion of 
normal movement records, as shown in Fig 3, although the fig-
ure does not include movements to or from slaughterhouses 
without CPH numbers; this lack accounts for the higher pro-
portion of normal on-movement records than off-movement 
records (see below for discussion of types of premises). There 
was more variation at county level (not shown). However, 
as might be expected from Fig 3, there was no clear pattern, 
although differences at county level may have been due to 
differences in the nature of the local industry.

Although there was no apparent regional bias, individual 
location- and animal-based predictors did show clear patterns. 
Table 1 shows the proportions of normal movement records, 
divided according to the type of premises, both for all the data, 
and for the data from 2002 to 2004. Market movements were 
well reported, close to 100 per cent for on- and off-movements, 
but this was not the case for showgrounds, with only just over 
90 per cent of movements being reported. Since 2002, move-
ments to and from animal holdings have been well reported; 
however, given the sheer volume of movements involving ani-
mal holdings, the number of misreported, inferred or unre-
ported movements was large compared with some of the less 
well reported categories. Movements involving landless keep-
ers had a lower proportion of normal movement records than 
animal holdings. For those location types that are predomi-
nantly sinks (that is, locations with relatively few off-move-
ments), such as slaughterhouses, the proportion of normal 
movement records was low for all the data, but the proportion 
increased for the 2002 to 2004 data alone. On-movements to 
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FIG 1: Data tables used for the analysis, showing the contents used and the relationships 
between them through the Cattle Tracing System Location ID, ‘Animal ID’, postal address 
file ‘PAF ID’, and county/parish/holding ‘CPH’ ID codes

FIG 2: Proportions of off-movement and on-movement Cattle Tracing System records that 
were fully reported (not inferred by the British Cattle Movement Scheme or RADAR) and 
the numbers of known movements between 1996 and 2005. Important dates in cattle 
tracing: a Newborn cattle require passports, b Recording compulsory for cattle with 
passports, c Compulsory for all cattle, d Introduction of standstill period
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slaughterhouses were not well reported, and because there are 
so many of them, they are partly responsible for the lower pro-
portion of ‘normal’ on-movement records overall.

Table 2 shows a breakdown of the proportions of normal 
movement records according to the breed purpose (dairy, 
beef or dual), inferred from the breed, and sex of the cattle. 
The proportion was higher for beef cattle than dairy cattle, 
with dual-purpose cattle intermediate, and the proportion 
was higher for bulls than for cows.

In Fig 4, the movement records have been categorised 
according to the distance moved. There was a higher propor-

tion of normal movement records for shorter-distance move-
ments, and movements of unknown distance were less well 
reported. There were no clear trends when the movement 
records were categorised according to the average distance 
moved by cattle to or from the locations (not shown), except 
that there was a lower proportion of normal movement 
records from locations with unknown coordinates.

Location degree, that is, the numbers of other premises 
with which a premises exchanged cattle, and its numbers 
of on- or off-movements were closely correlated, with a 
Spearman’s rank correlation coefficient between off-degree 
and off-movements for the 2002 to 2004 data of 0·73, and 
between on-degree and on-movements of 0·79. Thus, only 
the distribution of the proportion of normal movement 
records according to location degree is shown, in Fig 5. 
There was a slight trend towards a higher proportion of 
normal movement records for movements to or from loca-
tions with a higher degree, except for locations with the 
largest degree. These trends were due to the differences 
in degree between types of location; slaughterhouses and 
markets had a higher degree than agricultural holdings 
(Table 3), and slaughterhouses had a lower proportion of 
normal movement records than markets and agricultural 
holdings.

Fig 6 shows the movements categorised according to the 
age of the animals. The ‘unknown’ category consisted largely 
of older animals whose date of birth predated the system. 
There was a clear trend towards a higher proportion of nor-
mal movement records for younger cattle.

Table 4 shows the relationship with residence time at a 
location; residence times of less than a week but with an over-
night stay had a lower proportion of on- and off-movement 
records at either end of the stay that were normal movements, 
but these movements accounted for less than 10 per cent of 
all the movement records. Single-day stays had a high pro-
portion of normal movements because many were market 
movements, which were well reported.

Models of error distribution
The sample sizes provided by the CTS data were very large. As 
a result, the interpretation of statistical P values is uninforma-
tive because almost every factor appears to be significant 
although it may account for a vanishingly small proportion 
of the error.

The GLM models were applied to the logits of the propor-
tions of ‘normal’ off- and on-movements, using county and 
premises type as discrete factors, and the premises degree, 
the distance animals moved (off or on as appropriate) and 
the number of cattle on the premises as covariates. The num-
bers of on- and off-movements were not included because 
they are necessarily correlated with the logits. Location type 
increased the r2 statistics only slightly, because most loca-
tions were agricultural holdings, and was therefore omitted. 
All the terms were highly significant (P<0·0005). The model 
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FIG 3: Proportions of 
off-movement (red) and 
on-movement (blue) 
Cattle Tracing System 
records that were fully 
reported (not inferred 
by the British Cattle 
Movement Service or 
RADAR) in different 
regions of the UK, for all 
data with an associated 
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are categorised by 
the location of the 
source, on-movements 
by the location of the 
destination

 Data for 2002/04 All data
Type of premises Off (%) On (%) Total (x106) Off (%) On (%) Total (x106)

Unknown 10·0 9·1 4·28 8·5 7·5 8·94
Agricultural holding 95·2 97·5 23·5 76·2 90·2 47·4
Landless keeper 91·5 95·8 0·39 88·4 94·2 0·66
Market 99·8 99·9 10·7 99·5 99·5 17·9
Showground 93·5 92·1 0·15 91·6 90·3 0·16
Slaughterhouse (red meat) 31·0 78·4 7·49 28·4 56·1 16·8
Slaughterhouse and cold store 1·9 99·8 0·03 2·7 13·9 0·17
Slaughterhouse (white meat)   – 69·6 95·6 <0·01
AI/AI subcentre 99·1 98·6 <0·01 97·9 81·9 <0·01
Calf collection centre 99·1 98·7 0·01 98·3 96·7 0·01
BSE collection centre 99·7 99·6 0·11 99·1 99·2 0·25
Hunt kennel 98·7 96·7 <0·01 75·6 4·0 0·03
Knacker’s yard 98·4 89·5 <0·01 96·2 42·0 0·05

AI Artificial insemination

TABLE 1: Proportions of off-movement and on-movement Cattle Tracing Scheme records that 
were fully reported (not inferred by the British Cattle Movement Service or RADAR) for each 
type of premises, and the total off- and on-movements for each category

 Number of Off-movements On-movements
 movements (x106) (%) (%)

Breed type
  Beef 33·0 75·6 73·5
  Dairy 11·5 70·7 64·5
  Dual 0·3 73·1 70·4
  Unknown 1·4 76·6 73·2
Sex
  Male 24·4 75·8 74·5
  Female 21·9 72·8 67·7

TABLE 2: Proportions of off- and on-movement Cattle Tracing 
System records that were fully reported (not inferred by the 
British Cattle Movement Service or RADAR), with the numbers of 
movements according to breed purpose and sex of the cattle
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accounted for 19 per cent of the variation in the logit score 
for off-movements, and for on-movements, 15 per cent.

For both models, county had the smallest F ratio and 
made the smallest contribution to the variance: its removal 
from the full model reduced the model r2 to 18 per cent for 
off-movements and 12 per cent for on-movements. The dis-
tance moved had the next smallest F ratio in both models: 
its removal from the full model reduced r2 to 16 per cent for 
off-movements and had little effect on the r2 for on-move-
ments. Of the remaining two covariates, premises degree 
made the larger contribution to the variance for both mod-
els: omitting it from the full model reduced r2 to 12 per cent 
for off-movements and 3 per cent for on-movements. To 
conclude, analysis of variance showed that there was little 
bias according to geographical area, some according to the 
distance moved, and most according to the correlated factors 
of location degree and stocking number.

Population estimates
The agreement between the two estimates of total popula-
tion size was excellent; the CTS data estimated that the cattle 
population was distributed over fewer locations, but with a 
counterbalancing higher mean population at each location. 
The population estimated by the JAC was 9,268,248 cattle on 
92,440 premises, and that estimated by the CTS was 9,305,242 
cattle in 87,827 locations, a difference of 0·4 per cent. The 
difference is more likely to have been underestimate in the 
imputed data of the JAC than an overestimate in the CTS, 
although neither would have been without error. For the 
locations that could be cross-referenced by their CPH codes, 
the JAC reported 8,367,009 cattle on 84,835 premises, approx-
imately 90 per cent of the census population estimate; for the 
same locations in the CTS data, there were 9,022,013 cattle.

Where C is the square root of the census population esti-
mate, and R the square root of the corresponding CTS data, 
then the equation of the principal axis was

R = –0·0687 + 1·05 C

where the slope of 1·05 is close to, but significantly dif-
ferent from, unity (95 per cent confidence interval 1·042 to 
1·054). A slope of 1·0 would be expected if the population 
estimates from the two data sources were identical.

DISCUSSION

The distribution of missing or incorrect movement records 
in the CTS data shows some variation according to season 
but little according to region. It was at the level of the type of 
enterprise where the largest differences were apparent. That 
animal movements were well reported for markets is encour-
aging, because markets are focal points for the spread of dis-
ease (Gibbens and others 2001, Green and others 2006, Kao 
and others 2006). Similarly reassuring is the high proportion 
of movement records associated with within-day stays that 
were normal records (Table 3, 2002 to 2004 data). Many of 
these movements would have involved markets, because for 
agricultural holdings there are statutory movement standstill 
periods and few within-day stays would be expected. Animals 
that are moved frequently clearly pose a bigger risk of trans-
porting disease than animals that are moved infrequently.

Livestock dealers are also highly connected, may transport 
animals over long distances and have also been identified as 
important factors in the 2001 FMD epidemic (Gibbens and 
others 2001). Identifying the animal movements associated 
with dealers is not straightforward, because they are not iden-
tified as a separate type of premises in the census or CTS data, 
but are included in the ‘agricultural holdings’ class; however, 
they can be identified by their characteristics – they move 
large numbers of cattle to many locations, typically for long 

distances, and animals are usually kept on their premises for 
short periods.

A higher proportion of the movements of beef cattle than 
dairy cattle had normal movements records. The existence of 
grants and subsidies for beef production (but not for dairy 
cattle) may have contributed to the more accurate reporting 
of the movements of beef cattle (DEFRA 2005c). The reduc-
tion in the proportion of normal movement records for older 
animals may similarly result from a lack of interest in older 
animals of less value, but it may also result from more practi-
cal factors, such as ear tags becoming less readable with time. 
Furthermore, the probability of movements being to slaugh-

FIG 4: Proportions of off-movement and on-movement Cattle Tracing System records 
that were fully reported (not inferred by the British Cattle Movement Service or RADAR) 
according to the distance moved by the animals (when known). The numbers of 
movements in each category (x 106) are given in parentheses on the y axis
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FIG 5: Proportions of off-movement and on-movement Cattle Tracing System records 
that were fully reported (not inferred by the British Cattle Movement Service or 
RADAR) according to the number of other premises with which a premises exchanged 
livestock. The total numbers of off- and on-movements (x 106), respectively, are given in 
parentheses on the y axis
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ter (movements that are less likely to be reported) increases 
with age.

The proportion of movement records that were normal 
decreased with the distance moved. A bias towards shorter 
distances in the estimate of the distance travelled by animals 
would lead to an underestimate of the potential long-distance 
transmission of disease to susceptible areas.

Throughout the data, the proportions of normal move-
ment records were lower for the locations that act predomi-
nantly as sinks: the slaughterhouses. From the point of view 
of the spread of disease this poorer recording should be 
unimportant, because sinks do not contribute to the spread 
of disease through animal movements. However, when con-
sidering the transfer of cattle into the human food chain, it 
may be of importance; the risk of BSE is one concern (Anon 
2003, Stevenson and others 2005). Similarly, any bias towards 
the movements of older animals being less well reported may 
be significant, because BSE infectivity is more widely distrib-
uted in older animals in more advanced stages of disease 
(Wells and others 1998).

Analysis carried out by RADAR has uncovered many cases 
in the CTS data where an animal moves off one location, after 
moving onto another location, with no evidence of move-
ments in between. Consideration of solely the locations 
and the recorded movements between them will therefore 
miss potentially infectious links between these types of pairs 
of locations. There will be other omissions from the data-
set than those inferred from other moves of the same cow. 
Identification of further omissions is a current subject of 
study, but this paper is concerned only with the errors and 
omissions apparent from the data presented. However, the 

omissions identified above may be surrogates for generally 
less well recorded data.

Further work could attempt to identify specific correla-
tions between the different variables related to bias; for exam-
ple, whether seasonal variation in the proportion of normal 
movement records reflects seasonal variation in the source 
and destination location types of cattle movements. Likewise, 
if animals move longer distances to slaughter than for other 
reasons, this might explain the fall in the proportion of nor-
mal movement records with distance.
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to or from premises (km), and the numbers of other premises with which cattle were 
exchanged (degree) for selected classes of premises for the Cattle Tracing System

FIG 6: Proportions of off-movement and on-movement Cattle Tracing System records 
that were fully reported (not inferred by the British Cattle Movement Service or RADAR) 
according to the age of the cattle for the data for 2002 to 2004. The total numbers of 
movements (x 106) are given in parentheses on the y axis

■ Off-movements  ■ On-movements

Unknown (0·4)

10+ years (0·5)

5-10 years (1·7)

30 months-5 years (2·2)

18-30 months (8·4)

12-18 months (4·2)

6-12 months (2·3)

0-6 months (3·7)

 0·5 0·6 0·7 0·8 0·9 1
Proportion

Age

 Off-movements (%) On-movements (%)

Single-day  97·1 85·3
One day to one week 26·3 52·8
Longer term 94·0 80·2

TABLE 4: Proportions of movements that were fully reported 
(not inferred by the British Cattle Movement Service or RADAR), 
according to the time cattle spent on a holding, for the Cattle 
Tracing System data for 2002 to 2004


