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1.
Introduction
Access to an adequate and appropriate diet is a fundamental element of a healthy lifestyle and eating well is a long-term investment in good health 1.  Unhealthy diets, which tend to include too much sugar, salt and fatty foods, are linked to tooth decay, heart disease and stroke 2 as well as cancer; research suggests that a third of all cancers are the result of a poor diet and increasing fruit and vegetable consumption is considered the second most effective strategy in reducing cancer 3.  Poor nutrition is also implicated in low birth weight, a major issue in some parts of the West Midlands region 4.  It is estimated that eating at least five portions of fruit and vegetables a day could reduce overall deaths due to chronic disease by up to 20% 3.  The NHS plan identifies the need to increase availability and accessibility of foodstuffs to supply an adequate affordable diet 3.

Inappropriate West Midlands diets are characterised, not by shortages per se, but rather by excess in general together with shortages of key dietary elements.  Key Health Data for the West Midlands has described and characterised the levels of obesity and inadequate intake of fresh fruit and vegetables by electoral ward identifying the generally poor diet across the region and hot sports of particular problems 4.


This is also a social equity issue.  The diet of deprived people is characterised by deficiencies in essential nutrients and there is considerable potential for health gain if appropriate foods were made more accessible to poor populations 5.  Access to a good diet can be affected by social exclusion whereby fresh fruit and vegetables, for example, are simply unavailable locally or prohibitively expensive.  Researchers have found that people on low incomes eat the least amount of fruit and vegetables.  Households that earn less than £150 a week eat three times as much white bread as those on more than £595 a week.  They also eat less low fat food and fibre and drink more full fat milk.  Working class women are more likely to be obese than those in the middle or upper classes 6.  The annual National (Household) Food Survey has shown that the lowest income groups are less likely to have adequate nutrient intakes compared to the higher income group 7. 

In some areas such as low-income estates, physical access to shops can be limited, facilities withdrawing as local people are low spenders together with concerns about high crime levels contributing to retailers concentrating on 'Superstores' designed for car access 8,9,10.  The National Strategy for Neighbourhood Renewal has reported that eight shops serving deprived communities are closing each day 10. In addition, where local shops remain, they tend to be more expensive – food costs around 24% more in small stores compared to supermarkets 11.  This was recognised by the Minister of Public Health in the establishment in 1998 of the Shopping Desert Action Team.

Our Healthier Nation has identified:

· 'access to, and availability of, a wide range of foods for a healthy diet, and

· the provision of sound information on the health risks of ……poor diet….'

as key elements of a health strategy 2.  The NHS Plan and the Chief Medical Officer have committed the NHS to develop a new health poverty index that includes information on access to affordable nutritious food and a national programme to increase consumption of fruit and vegetables 3.  The National Strategy for Neighbourhood Renewal has recommended the development of a strategy to increase access to affordable shops for people in poor neighbourhoods 10.  One of the 18 Policy Action Teams set up by the Social Exclusion Unit following publication of the National Strategy for Neighbourhood Renewal was on improving access to shops and services 12.  Planning and Policy Guidance exhorts local authorities to 'encourage, through their planning policies and actions, a wide range of facilities in district and local centres…... to meet people’s day-to-day needs, so reducing the need to travel'13.  Recognising that the need for local shops is as important within urban areas as it is in rural areas for reducing dependence on the car, the Guidance also encourages appropriately sized, local supermarkets and discourages the concentration of services in out-of-centre retail developments. 

Without intelligence on the location of, and access to, sources of foodstuffs the shared aims of the Health and Planning communities will be almost impossible to achieve. Data from Planning Regulations at a regional level are primarily about the geography of access to generic labels such as Convenience Shopping (includes food) and Comparison Shopping (white goods/clothing etc) and are too crude for any meaningful analysis of access at a local level.

Local Authorities (LAs) routinely collect a range of data on food premises and this was identified as a potentially useful data source for the Health Improvement Programme process in work conducted for the Regional Office (RO) in 1999 14.  For example, food businesses have been required to register with the responsible LA since 1992.  However these data are not consistent, are stored in different formats and while publicly available are variably accessible e.g. some are available electronically, others will be stored as hard copy, some will need personal visit to access.  While these databases will be increasingly comprehensive there is also some concern that they will not be up to date particularly as businesses closing down will not necessarily deregister and there will be an inevitable lag in updating the register.  

The Sandwell Project ‘Measuring Access to Healthy Foods in Sandwell’ found that the LA food premises register overestimated the number of food premises by 83% 15.   Many shops had closed or changed use in the 5 years since the previous food retail survey.  

The Regional Office accordingly commissioned a project 16 to map sources of key food items in the West Midlands using routinely available data, to determine the size and proportions of populations within certain walking times to these sources in a Geographical Information System (G.I.S.) and to validate the use of these data. At the same time the author became involved in work conducted on behalf of Birmingham Health Authority which involved the detailed collection of data on the cost, quality and range of foods including fruit and vegetables in six wards.  This enabled a comparison of the City’s routinely available food premises register with survey data and the development of an 'access to healthy foods' index taking cost, quality and range of food into account as well as simple physical access.  This paper describes that work.

2.
Literature Review
A literature search using the terms ‘Food desert$’ and ‘Access to Food$’ was conducted in Medline (1966-present).  Only one reference was identified for the former 17 and 75 (once restricted to English language and human studies) for the latter, of which 2 were obtained following assessment of the abstracts 18, 19.  An additional 3 relevant published papers 20,21,22 were obtained after discussions with experts in the field.

The reality of limited access to healthy foods has been recognised for years with, for example, Professor Tim Lang raising concerns over a decade ago 21.  If anything, the problem appears to have deteriorated with more out of town shopping developments and increasing numbers in poverty 21.  Although the research effort has increased, there is still very little published in the peer-reviewed literature.

Nelson reviewed the impact of poverty on childhood nutrition and recommended that authorities should identify ‘food deserts’ and encouraged collaboration with retailers and local planners to provide food in an economical and sustainable way 17.

Caraher et al used the 1993 Health Education Authority’s Health and Lifestyles Survey (HLS) to examine barriers to accessing a healthy diet.  The HLS includes over 5500 interviews from a random sample of English addresses.  The researchers found that poorer people were more likely to use local shops.  Barriers included the problems of transporting food home and storage of food at home and arranging childcare 22.

Donkin et al attempted to develop and map healthy food cost and availability indices in 2 contiguous and deprived London wards. Food outlets within a 2km area (considered a reasonable walking distance) around a randomly chosen point were visited by volunteers with questionnaires and data on cost (71 food items) and availability (e.g. hours of opening, public transport links) obtained from 199 shops.  Shops were mapped using a G.I.S. and using distance as a proxy for physical access, roads within 500m of the post-code were identified. 

While physical access does not appear to be a problem in some deprived areas, that does not necessarily mean that the foods are truly available and accordingly the authors also calculated and mapped a relative cost index of all foods and an index of fruit and vegetable availability to enable comparison of shops within the same area.  The study demonstrated geographic variation in shop ‘expensiveness’ and in the price and availability of healthy food and the potential for using G.I.S.18. The study concluded that there: 

· were very few post-code areas where an inhabitant would have to walk more than 500m to reach a food outlet of any kind (median distance to shops was 207 m and to well-stocked shops 277m), and

· no evidence that food was more expensive in the areas where deprivation was highest.

The ‘Measuring access to healthy food in Sandwell’ project identified a 

deprived and unhealthy area and, using an inventory of key basic foods necessary for a healthy diet and acceptable to the local population, completed a full census of all food retailers.  This included availability and price together with information on food quality and shop conditions.


Using the method developed by Donkin, shop-based indices of availability and cost for items on the ‘healthy’ food list, and for fresh fruit and vegetables, were calculated and used to generate maps of:

· availability and price for items on the ‘community shopping lists’, particularly fresh fruit and vegetables,


· roads within 500m of a postcode containing one or more shops selling either items on the full ‘community shopping list’, or at least eight items of fresh fruit and/or vegetables,


· roads within 500m of postcodes containing one or more shops selling food at lower than area average prices.

In contrast to the earlier studies, the project found there were large networks of streets and estates within Sandwell where there were no shops selling fresh fruit and/or vegetables or where they were expensive.  In addition, inexpensive, good quality food, including fresh fruit and vegetables, was available in shops in small, concentrated shopping areas, to which the majority of the population would have to travel by car or public transport.  Interviews with small retailers revealed their real difficulties in offering healthy food and perishable goods in the face of competition from larger stores.

Saunders attempted to map fresh fruit and vegetable retailers in the West Midlands using the Las’ routine food premises register. All LAs in the Region (n=34) were contacted for access to their food premises registers and, in particular, postcode and type of food sold 16.  Access to  registers was agreed with the majority of LAs although usable data were obtained from only 5 viz. Birmingham, Malvern Hills, Stratford, Walsall and Stoke on Trent.   This was largely due to incomplete datasets with, for example, absence of postcode or address, type of food or data in an incompatible format.   

Zones within 800m of fresh fruit and vegetable retailers were created and populations within these zones estimated by selecting postcodes or enumeration districts (eds). While essentially an arbitrary figure, 800 m was chosen as approximately representing a 10-minute walk 16. Eds are the smallest geographical unit for which the full suite of census data are available and comprise populations of c. 400. Postcode populations were estimated by multiplying the number of households in the postcode by the mean occupancy per dwelling in the host ed. This study found that postcodes were a better estimate of populations than eds.

Using distance as a proxy for access is an attractive and relatively simple option.  However, it does not take account of the physical barriers to access such as railway lines or road configuration.  People living within a 500m (as in the Donkin studies or 800m in this study) radius zone around a retailer do not necessarily live within a 500m or 800m walk.   Consequently a programme to estimate distance walked within specified times was developed in ArcView G.I.S. and zones within 5, 10 and 15 minutes walk of each retailer created. 

The use of 800 m buffers showed that urban areas were, ostensibly, very well served by fresh fruit and vegetable retailers with 71-94% living within these zones.  Rural authorities are significantly less well served (29-40%).  However, simply living within 800 m of a retailer does not necessarily mean that people are actually within an 800 m walk of the premises.  Assuming 800m to approximately represent a 10-minute walk the distance model overestimated the population served within a 10-minute walk by up to 35%.  The walking distance model indicated that there were major populations in rural authorities up to  (40%) and smaller areas (albeit large populations) of urban authorities (up to 20%) that were not within a reasonable walking distance of a fruit and vegetable retailer (i.e. more than 15 minutes). 

3.
Methodology
Additional data on location and type of food premises were obtained from another four LAs viz. Coventry, East Staffordshire, Dudley and Shrewsbury.  Data on the type food sold were lacking or incomplete in the case of Coventry, Dudley and Shrewsbury and consequently the name of the shop and local knowledge was used to identify likely sources of fruit and vegetables.

Postcodes were matched to grid references and imported to ArcView G.I.S. The standard look-up table methodology for geo-referencing post codes is only accurate to 100m and therefore 50 m was added to each grid reference to reduce the inaccuracy in the geo-referencing process 23. (Since the completion of this project, code point software (accurate to 1m) has become available to the Department).   Populations living within 5, 10 and 15 minute walking times of Coventry’s and Dudley’s retailers were identified (there were inadequate road network data at the time to include Shrewsbury and East Staffordshire).  Figure 1 shows the distribution of fruit and vegetable retailers in the region and figure 2 shows an example of the walking zones generated around retailers.

Birmingham Health Authority commissioned the detailed survey of food premises in six city wards viz., Small Heath, Aston, Nechells, Washwood Heath, Sheldon and Hodge Hill.  The first three wards include areas of high ethnic minority populations and the latter three areas of largely ‘white’ social housing estates.  Trained ‘researchers’ visited food premises and completed a questionnaire collecting details of cost, range and quality of various foodstuffs.  

These data were used to:

a) map fruit and vegetable retailers and estimate populations living within 5, 10 and 15 minutes walk of a retailer by selecting unit post codes within the appropriate zones (fig 2)

b) assess the routine food premises registration data by comparing premises registered with those identified in the survey, and 

c) create a composite ‘access to food’ indicator based on range, cost and quality of fruit and vegetables (see below) for retailers in the Small Heath and Hodge Hill constituencies (n=74).  

Access Indicator

Previous attempts to develop an access indicator have essentially focussed on the cost of foods.  However, cost is not the only aspect of availability, quality and the range of foods available are also important.  This is the first attempt to generate a multi-dimensional indicator.  To measure any one social characteristic such as food availability there are many variables that could be used.  Composite indices are generally calculated using an additive normal process, which requires the transformation and standardisation of each variable and combination to form a single index 24.  This technique has been successfully used in the creation of indices of deprivation such as the Townsend indicator.  Constituent variables are deliberately chosen for their association to the subject matter under study, and large intercorrelations often exist between them. If the distribution of a constituent variable is skewed, the measure of its dispersion, the standard deviation, is exaggerated.  In such instances, applying standardisation results in a distortion of the perceived relative differences across this variable when compared with others.  In the additive normal process, the crude variables are usually normalised to yield a more symmetric distribution before standardisation is applied.  However, the various normalisation procedures applied to each variable could affect the final index distribution. The actual purpose of the transformation is to achieve values that are symmetrically and smoothly distributed without large peaks, or clumps of values at the extremes before standardisation is applied 24.  This is measured by skewness (measure of distribution symmetry) and kurtosis (measure of distribution smoothness).    
This transformation process requires the application of a continuous function to each of the composite variables.  These functions may differ and the exact choice of transformation is arbitrary and can be varied by applying different offsets.  In this case, the variables examined are the cost, range and quality of 21 food items (see Appendix 1).  The success of the transformation is assessed by the resulting variable skewness and kurtosis.  As the variables were largely positively skewed, the square root, reciprocal and logarithm of the values were used together with the square.  Applying an offset to the transformation changes the distribution and altering that offset enables a progressive improvement until the best process is selected i.e. zero skewness and minimal kurtosis.  Appendix 1 shows the optimal transformations and data characteristics.  Once transformed and standardised, the individual components are summed to give the final index value.  The lower the ‘score’ the more ‘deprived’ the shop – either in terms of expensiveness or poor quality fruit and vegetables. Gilthorpe describes this process in relation to the calculation of deprivation indices 24.

4.   
Results
Figure 1 shows the location of fresh fruit and vegetable retailers in nine LAs.  Comparing the food premises register with the survey data in the six Birmingham wards found poor agreement in Hodge Hill with the register containing only 20% of the retailers identified in the survey and even poorer in Small Heath with only 8% being included.

Table 1 shows the percentage of populations within 5, 10 and 15 minute walk of fresh fruit and vegetable retailers in seven LAs.

	Local Authority
	Percentage of population living within a walk of

	
	5 minutes
	6 - 10 minutes
	11 - 15 minutes
	15 minutes

	Birmingham
	19
	36
	24
	79

	Coventry
	55
	33
	6
	94

	Dudley
	46
	40
	9
	95

	Malvern Hills
	21
	22
	17
	60

	Stratford upon Avon
	34
	28
	8
	70

	Stoke on Trent
	26
	34
	24
	84

	Walsall
	42
	42
	12
	96


Table 1

Table 2 shows the percentage of population in two constituencies in Birmingham living within a 15 minute walk of a fruit and vegetable retailer using the data from the detailed survey.

	
	Percentage of population living within a walk of

	
	0-5 Minutes
	6-10 Minutes
	11-15 Minutes
	>15 Minutes

	Small Heath
	50
	39
	10
	1

	Hodge Hill
	26
	34
	23
	17


Table 2

Approximately 1% of the population of Aston, Nechells and Small Heath live more than a 15 minute walk of a fresh fruit and vegetable retailer, while 17% of the population of Hodge Hill, Washwood Heath and Shard End do.

It was possible to reduce skewness to zero for all the components of the access index although kurtosis remained relatively high in some cases.  Figure 3 shows the distribution of the access indicator.  The larger the symbol, the higher the score and therefore the more ‘deprived’ the shop.  

5.
Discussion
The level of agreement between the food premises register and the survey data from Birmingham was poor and broadly similar with previous work 15.  The register clearly does not represent an accurate picture of the location or number of retail outlets.  This is particularly the case in areas of high minority ethnic community populations and large numbers of food premises.  This may be the result of a more volatile retail sector or shops selling a range of foods with only the principal products being recorded in the register.  A general store selling a small quantity of fruit or vegetables may be recorded as a grocery store only with no reference to fruit or vegetables.  This lack, or in some cases absence, of information on premises is another weakness of the register in terms of its utility.  In addition, there is no uniformity between LAs in data recording or storage so that while the register is publicly available, its accessibility is often limited.

The real purpose of the register is not to provide information on the nature of foods available to communities but rather to enable LAs to contact premises quickly in the event of a hazard warning and to plan inspection programmes.  It is evident that the register often does not even fulfil these basic requirements.  Proprietors of food premises must register (although few, if any, LAs actually take any formal action in the event of non-registration) but there is no requirement to deregister on the closure of the business.  The register can therefore fail at two levels – new premises may not register on opening and closing businesses will normally not deregister.  The quality of the register is therefore dependent upon the food premises being inspected by the LA at which time the register will be updated.

The frequency of inspection depends on the risk rating.  This is based on the risk of food poisoning rather than cancer or heart disease and as fruit and vegetables are relatively low risk, such retailers will only require a relatively infrequent inspection.  Consequently, the register could be particularly inaccurate for fresh fruit and vegetable retailers.  As discussed, LAs generally collect little information through the registration process and none collect information on the quality or cost of foods sold.  However, these data are routinely collected and many LAs were generally very supportive in terms of participating in this study. If additional data could be obtained at the time of an inspection this would add considerable value to a routine LA activity enabling public health agencies to assess and monitor the provision of healthy foods in their community. In addition if the inspection risk rating could be amended to ensure that sources of healthy food were inspected more frequently the register could become a potentially powerful tool. 

Bringing the register up to date could be a time consuming activity for LAs and would not be regarded as a priority.  It may be appropriate for those agencies that wish to access the potential of the register to contribute to its development and maintenance.  

There are marked differences in the proportion of populations living within easy walking distances of fruit and vegetable retailers.  While almost 80% of Birmingham’s population live within a 15-minute walk, less than 20% live within five minutes compared with 55% in Coventry.  The population estimates based on the Birmingham survey data present a different breakdown at a more local level.  While 79% of the population of Birmingham live within a 15-minute walk, 99% and 83% of the populations of Small Heath and Hodge Hill respectively, do.  Large area analysis clearly masks some important local variations in access.

Mapping an access index enables the visualisation of relative access to healthy foods and therefore the identification of ‘deprived’ areas.  For example this project has demonstrated that there are large populations without easy access in Hodge Hill.  The stocking of a foodstuff by a retailer does not necessarily mean that food is actually available – the cost, quality and range of food is at least as important.  The construction of an appropriate index is difficult 18 and there have been few attempts to do so.  The index described in this paper is made up of 25 components which required the collection and manipulation of a considerable amount of information.  A particular problem with this type of index is that not all shops will sell all foods. This means that the stocking of a poor quality or expensive foodstuff will contribute to a higher index value but not stocking that item will not.  Principal component analysis reduces the number of variables by finding those that contain most of the information.  This reduces the amount of information that needs to be collected and simplifies the analysis while maintaining the robustness of the index.

Clearly, some people will have access to cars or effective public transport systems (some LAs operate highly effective subsidised schemes) to enable them to travel to retailers some distance away.  However many people will not, particularly those in deprived communities.   Food access is now part of the mainstream national and regional level policy agenda for area regeneration, and for tackling poverty and social exclusion and reducing inequalities in health.

This project has demonstrated that , with adequate data on cost, quality and range of foods, an access index can be created and mapped to enable public health agencies to identify local areas for targeted intervention.

6. Recommendations

· Develop negotiations with the professional bodies and LAs to explore amending the current food premises hazard rating system to take account of the importance of access to fruit and vegetables in good health and disease prevention;

· Refine the access index to reduce the amount of information required to generate the index; 

· Extend mapping of premises and access index to include other LAs in the region;

· Copy report to all HAs, LAs, the Government Office and Primary Care Trusts in the region;

· HAs to consider more detailed assessment of potentially poorly served areas identified using this study.
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APPENDIX 1

Transformation of Component Data for Construction of Access Index

Hodge Hill

	
	Variable
	mean
	max
	min
	range
	st dev
	skew
	kurtosis
	Transformation

	quality
	fruit 
	677.1
	1260.3
	110.3
	1150.0
	272.0
	0.0
	-0.1
	(V+0.5)2

	 score
	vegetables
	2103.5
	4096.0
	81.0
	4015.0
	1345.2
	0.0
	-1.1
	(V+1) 2

	availability
	 fruit
	1614.5
	3088.0
	31.0
	3057.0
	826.9
	0.0
	-0.7
	(V-55.57) 2

	Score
	vegetables
	6214.4
	12488.1
	588.1
	11900.0
	3651.8
	0.0
	-1.2
	(V+18)2

	 
	Apples
	3.2
	5.7
	0.6
	5.1
	0.9
	0.0
	3.0
	(V+0.8) 2

	 
	Bananas
	0.6
	1.1
	0.1
	1.1
	0.3
	0.0
	-0.3
	(V-0.245)2

	 
	Oranges
	-0.3
	0.1
	-0.6
	0.7
	0.2
	0.0
	0.8
	Ln( V+0.34)

	 
	Pears
	1.3
	2.5
	0.0
	2.5
	0.6
	0.0
	0.1
	(V+0.17) 2

	 
	Plums
	0.3
	0.6
	0.0
	0.6
	0.2
	0.0
	-1.7
	(V-0.55) 2

	 
	Tomatoes
	12.3
	15.4
	9.1
	6.2
	1.9
	0.0
	-0.8
	 (V-2.5) 2

	 
	Broccoli
	-0.6
	0.7
	-2.3
	3.0
	0.7
	0.0
	1.2
	Ln(V-0.527)

	 
	Cabbage
	0.4
	0.8
	0.0
	0.8
	0.3
	0.0
	-1.6
	(V-0.06)2

	relative
	Carrots
	0.9
	1.6
	0.0
	1.6
	0.5
	0.0
	-1.6
	(V-0.08)2

	cost
	Cauliflower
	1.2
	1.3
	1.1
	0.2
	0.1
	0.0
	-1.0
	Ln(V+2.5)

	score
	Cucumber
	1.1
	1.3
	0.8
	0.5
	0.2
	0.0
	-1.2
	Ln(V+1.7)

	 
	Green Beans
	-0.6
	0.3
	-1.6
	1.9
	0.6
	0.0
	0.7
	Ln(V-0.387)

	 
	Leeks
	0.4
	0.8
	0.0
	0.8
	0.2
	0.0
	-0.2
	(V+0.41)2

	 
	Lettuce
	-0.4
	0.0
	-0.9
	0.9
	0.2
	0.0
	-0.7
	Ln(V-0.3)

	 
	Mushrooms
	1.1
	1.2
	1.0
	0.2
	0.1
	0.0
	-1.1
	Ln(V+2)

	 
	Onions
	1.2
	1.5
	0.9
	0.5
	0.1
	0.0
	-0.3
	sqrt (V+0.45)

	 
	Parsnips
	5.6
	8.5
	2.0
	6.5
	1.8
	0.0
	-0.5
	(V+1.4)2

	 
	Peppers
	2.6
	2.7
	2.5
	0.2
	0.1
	0.0
	-0.1
	Ln(V+11)

	 
	Potatoes
	-0.4
	0.6
	-1.2
	1.8
	0.5
	0.0
	-0.1
	Ln(V-0.12)

	 
	Spinach
	1.5
	1.6
	1.3
	0.3
	0.1
	0.0
	-0.4
	Ln(V+3.4)

	 
	Swede
	-10.7
	5.4
	-29.2
	34.6
	11.6
	0.0
	-0.5
	recip(V+1.0001)


Small Heath

	 
	Variable
	mean
	max
	min
	range
	st dev
	skew
	kurtosis
	transformation

	quality 
	fruit 
	4.6
	4.7
	4.5
	0.2
	0.1
	0.0
	-0.6
	Ln(V+84)

	score
	veg 
	5.0
	5.3
	4.7
	0.6
	0.1
	0.0
	-0.3
	Ln(V+108)

	availability
	fruit
	2576.9
	4761.0
	205.4
	4555.6
	1615.9
	0.0
	-1.2
	(V-35)2

	score
	veg
	7.1
	7.2
	7.1
	0.1
	0.0
	0.0
	-0.8
	Ln(V+1179)

	 
	Apples
	4.6
	5.3
	3.7
	1.6
	0.3
	0.0
	0.5
	Ln(V+10)

	 
	Bananas
	201149.8
	255831.3
	145402.0
	110429.3
	23937.7
	0.0
	0.0
	(V+350)2

	 
	Oranges
	4.8
	5.3
	4.3
	1.0
	0.2
	0.0
	-0.4
	Ln(V+33)

	 
	Pears
	4.7
	5.2
	3.9
	1.3
	0.3
	0.0
	0.6
	Ln(V+16.5)

	 
	Plums
	4.7
	5.0
	4.4
	0.6
	0.1
	0.0
	2.7
	Ln(V+18)

	 
	Tomatoes
	4.0
	4.8
	3.0
	1.8
	0.5
	0.0
	-1.2
	Ln(V-35.5)

	 
	Broccoli
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	-1.7
	recip(v-35)

	 
	Cabbage
	4.5
	5.1
	3.6
	1.5
	0.4
	0.0
	-0.3
	Ln (V-5)

	relative cost
	Carrots
	3.9
	5.5
	2.4
	3.1
	0.6
	0.0
	0.5
	Ln(V-36)

	score
	Cauliflower
	712.4
	1357.0
	6.4
	1350.6
	543.6
	0.0
	-1.7
	(V-77.5)2

	
	Cucumber
	72099.2
	97872.7
	45194.4
	52678.3
	15789.3
	0.0
	-1.1
	(V+167)2

	 
	Green Beans
	851.4
	1806.9
	1.4
	1805.5
	542.5
	0.0
	0.4
	(V-83)2

	 
	Leeks
	3.4
	4.1
	2.5
	1.5
	0.5
	0.0
	-0.3
	Ln(V-56.7)

	 
	Lettuce
	4.7
	5.0
	4.4
	0.6
	0.2
	0.0
	-0.9
	Ln(V+15)

	 
	Mushrooms
	29749.2
	40874.5
	18570.8
	22303.7
	5395.0
	0.0
	0.0
	(V+77)2

	 
	Onions
	3.9
	5.5
	2.5
	3.0
	0.7
	0.0
	0.2
	Ln(V-36)

	 
	Parsnips
	57.8
	113.5
	2.1
	111.4
	30.1
	0.0
	3.1
	(V-83.32)2

	 
	Peppers
	1185.7
	3118.6
	1.5
	3117.1
	956.6
	0.0
	-1.1
	(V-77.1)2

	 
	Potatoes
	144344.5
	183626.4
	101284.1
	82342.3
	24515.4
	0.0
	-1.5
	(V+281)2

	 
	Spinach
	19509.8
	36366.6
	2380.6
	33985.9
	11819.1
	0.0
	-1.5
	(V+37)2

	 
	Swede
	2.2
	3.8
	0.7
	3.1
	1.2
	0.0
	-2.1
	Ln(V-74.4)
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Figure 2

 Figure 3[image: image4.png]Access to Fruit and Vegetables
Indicator in Six Birmingham Wards 2002
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