Mapping Access to Fresh Fruit and Vegetables

 in Birmingham and Wolverhampton

Progress Report – April 2002

 Refining the Index

1. Introduction

1.1
Previous work in the West Midlands commissioned by the Department of Health had demonstrated the utility of Geographical Information Systems (GIS) in identifying populations living within reasonable walking distances of fruit and vegetable retailers and the feasibility of mapping access through the use of a multi-component relative index incorporating cost, quality and range1,2.  Directors of Public Health in the West Midlands have supported the development and extension of this work that has also been endorsed by the Government Office.  While this work has piloted appropriate methodologies, the models require detailed, reliable and up to date data on several factors from individual shops.  These can only be obtained by a survey of each shop; a time consuming and potentially expensive commitment.  This phase of the food mapping project has five key strands:

1.1.1
Extend the mapping of access to food premises; 

1.1.2
Refine the index to reduce the level and detail of data required while retaining robustness;

1.1.3
Extend the index mapping by obtaining detailed information from retailers in Birmingham and Wolverhampton on cost, quality and range;

1.1.3 Update participating local authority food premises registers;

1.1.5
Explore the feasibility of adding the collection of data on foods to routine hygiene inspections of premises conducted by local authorities.

1.2
Funding was obtained from Birmingham and Wolverhampton Health Authorities to develop this work and this report details the work conducted on refining the index.

2. Refining the Index

1.1 Background

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 3.  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 3.  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 creating the initial ‘access index’ in the Birmingham wards of Small Heath and Hodge Hill 2, the variables examined were the cost, range and quality of 21 food items (see Appendix 1).  The success of the transformation was 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.  These can then be mapped to show areas of poor access (see figure 1).  

1.2 Reducing the Index

The large number of index components makes the data collection and calculation process unwieldy and time consuming.  In addition, while a poor quality and/or expensive product in one shop would suppress the overall index value, the absence of the same item in another shop (intuitively a worse situation) would not.  Consequently, it is prudent to remove those items that are frequently not available in shops to reduce this possibility.  An arbitrary cut off point of availability in at least 50% of premises was chosen for inclusion in the calculation of the index.  Eight items were available in fewer than 50% of shops in both Hodge Hill and Small Heath with five common to both wards, viz. green beans, leeks, mushrooms, spinach and swede.  In Hodge Hill, oranges, plums and parsnips, and in Small Heath, broccoli, cauliflower and peppers were also available in fewer than 50% of shops.  The ‘core’ group of fruit and vegetables used in refining the index calculation is shown in Appendix 2.

Figure 1

[image: image1.png]Access to Fruit and Vegetables
Indicator in Six Birmingham Wards 2002

J.

AN

%Iﬁ’(/l{’/ &S
“- 1 ‘\\\'_ o

7 = ' - -
'v/ 4 ) Q,w \ 0 Wi

.'.;qy: ’AI‘ l?‘ .y l”"I\' '/

‘
I

N 'ill
N, 5 ')‘ 2 *’ ‘
&= 5" lla' Y, ".‘m 4}‘*‘“
NSF TR 9 e \‘ &‘v A .
\
‘%
|=\\‘!~ /1’
paty
‘\= Bham wards
Hodge Hill Access Index
. 8-
o 41
® 0-3
@ 47
. 8-14
Small Heath Access Index
. -10.6--75
-75--32
® -32-3
© 3-78
i 0 1 2 Kilometers A./mdmi 5
gb —— roads within Srmins
AN

map created by DPHE University of Birmingham





The index was reduced by replacing the cost of each individual food by an average cost score (total of average cost/total number of items for each shop) and quality score was replaced by an average score for all products (total quality score/total items sold in each shop).  This also has the effect of reducing the disproportionate impact of a missing product on the index.  The final index component is the total number of fruits and vegetables sold.

The index was then created using the methodology described in 2.1 and plotted against the original index.  The correlation is reasonably linear with a coefficient value of 0.5.

Given that not all shops sell all the items of interest, it is useful to know which elements of which foods are most the representative or most important explanations of variation in the data.

As discussed above, the components chosen to make up any composite indicator will inevitably tend to be strongly intercorrelated.  Appendix 2 shows the correlations between the variables used in the construction of the index in Small Heath.  There is considerable inter-correlation of the 220 potential relationships with 109 are significant at 99% and an additional 40 at 95%.  Principal components analysis was used was used to identify the key dimensions in the data set.

1.3 Principal Components Analysis

Principal components analysis (PCA) is one of the simplest of the multi-variate methods.  The object of the analysis is to reduce a large number of correlated variables and find combinations of these to produce a much smaller number of indices (or principal components) that are uncorrelated.  This lack of correlation is a useful property because it means that the indices are measuring different ‘dimensions’ in the data; the greater the correlation in the original data the greater the effect of PCA.  It is quite feasible that 20 or 30 original variables can be adequately represented by two or three principal components.  The most important principal components (i.e. those that account for most of the variation in the data) will be of interest as measures of underlying ‘dimensions’ in the data.  In addition, it is also of value to know that there is a good deal of redundancy in the original variables, with most of them measuring similar things.  SPSS was used to conduct the analysis.

Table 1 shows the component matrix.  Component 1 accounts for 31.3% of the variance in the data, component 2, 11.7% and so on.  A breakdown of the components (table 2) shows that the most influential element of component 1 are the numbers of products available, while quality and cost are the most important for components 2 and 3 respectively.

3. Discussion


3.1
The number of components used in constructing the index has been reduced from 21 to 3 simplifying the process.  However, the index still requires detailed information on cost and quality of several foods before the index construction can be constructed.  PCA has demonstrated that the single most important factor in constructing the index is the total number of fruit and vegetables.  Where detailed information is unavailable from each shop a reduced level of data collection could be used without compromising the value of the index.  However, even if the data demands are reduced, information is still required from each shop and this remains a potential problem.  Discussions with EHOs may indicate the professional view of extending routine food hygiene inspections to include collection of data on the availability of healthy foods.  This would be in line with the profession’s commitment to ensure that the broader public health dimension of routine environmental health work is developed 4 and a meeting with senior officers from Birmingham and Wolverhampton’s environmental and public health communities has been organised to take this forward.

Table 1 Principal Component Matrix


Initial Eigenvalues


Component
Total
% of Variance
Cumulative %

1
10.955
31.3
31.3

2
4.092
11.691
42.991

3
3.575
10.213
53.204

4
2.646
7.561
60.765

5
2.029
5.796
66.561

6
1.879
5.367
71.928

7
1.543
4.41
76.338

8
1.39
3.971
80.309

9
1.073
3.067
83.376

10
0.971
2.773
86.149

11
0.856
2.446
88.595

12
0.715
2.043
90.638

13
0.63
1.799
92.437

14
0.561
1.602
94.039

15
0.401
1.146
95.185

16
0.323
0.921
96.107

17
0.256
0.731
96.838

18
0.213
0.609
97.447

19
0.166
0.474
97.921

20
0.128
0.366
98.288

21
0.125
0.356
98.644

22
0.105
0.3
98.943

23
9.22E-02
0.263
99.207

24
7.58E-02
0.217
99.423

25
5.68E-02
0.162
99.585

26
4.13E-02
0.118
99.703

27
3.23E-02
9.23E-02
99.796

28
2.77E-02
7.92E-02
99.875

29
1.46E-02
4.17E-02
99.917

30
1.16E-02
3.31E-02
99.95

31
8.92E-03
2.55E-02
99.975

32
4.06E-03
1.16E-02
99.987

33
2.67E-03
7.62E-03
99.994

34
1.94E-03
5.55E-03
100

35
-2.43E-16
-6.93E-16
100

Table 2 Percentage Variance By PCA Component


 
 
 
 
Component
 
 
 


1
2
3
4
5
6
7
8
9

number fruit/veg
0.93
-0.02
-0.24
-0.21
0.08
-0.03
0.01
0.02
-0.08

number veg
0.89
-0.20
-0.28
-0.19
0.04
-0.05
0.05
0.04
-0.06

CARROQ
0.82
-0.21
0.15
0.19
-0.04
-0.28
-0.11
0.06
-0.20

LETTUCQ
0.75
-0.08
0.12
-0.11
-0.23
-0.49
-0.11
0.02
-0.10

number fru
0.74
0.55
-0.05
-0.20
0.18
0.03
-0.12
-0.03
-0.10

ONIONQ
0.72
-0.17
0.10
0.23
-0.23
0.29
-0.27
0.05
0.15

CABBAQ
0.71
-0.27
0.27
-0.33
0.02
0.04
0.00
-0.38
0.10

PLUMSQ
0.69
-0.03
0.31
0.16
0.23
0.17
-0.39
0.03
-0.03

Caulifloq
0.68
-0.19
0.20
-0.38
-0.12
0.28
0.02
0.16
-0.09

PLUMS
0.67
-0.03
0.13
0.03
0.24
0.15
-0.47
-0.05
-0.08

LETTUCE
0.66
0.12
-0.25
-0.22
-0.25
-0.45
0.05
0.20
-0.04

POTATOQ
0.63
-0.12
0.05
0.19
-0.41
0.10
-0.18
0.23
0.15

PEPPERQ
0.63
-0.42
0.46
0.27
0.18
-0.19
0.12
-0.02
-0.11

PEPPERS
0.62
-0.32
0.50
0.16
0.18
-0.23
0.03
-0.12
-0.08

CARROTS
0.59
0.22
-0.42
-0.01
-0.25
-0.23
0.01
-0.21
-0.23

CABBAGE
0.58
-0.08
-0.04
-0.39
-0.07
0.18
0.15
-0.53
0.06

Cauliflow
0.58
-0.10
0.01
-0.56
-0.18
0.17
0.00
0.11
-0.09

POTATOES
0.57
0.04
-0.05
0.28
-0.34
0.25
-0.03
0.35
0.19

CUCUMQ
0.55
-0.13
0.10
0.33
-0.35
0.07
0.51
-0.09
0.09

CUCUMBER
0.48
0.00
0.13
0.25
-0.37
0.02
0.55
-0.12
0.17

BROCCOLI
0.45
-0.11
-0.54
-0.02
0.40
-0.26
-0.02
-0.08
0.45

BROCCOQ
0.43
-0.04
-0.52
-0.04
0.31
-0.30
-0.10
-0.16
0.47

PEARSQ
0.42
0.57
-0.26
0.38
0.07
0.18
-0.03
0.04
-0.13

TOMATQ
0.42
0.29
0.37
0.51
0.27
0.18
0.00
-0.17
-0.03

PARSNIPQ
0.40
-0.41
-0.35
0.04
0.43
0.22
0.35
0.37
-0.08

PARSNIPS
0.39
-0.34
-0.42
-0.05
0.47
0.18
0.30
0.37
-0.10

TOMATOES
0.38
0.52
-0.28
0.23
0.11
0.15
0.02
-0.24
-0.19

PEARS
0.35
0.69
-0.43
0.26
0.00
0.09
0.03
-0.01
-0.18

APPLESQ
0.34
0.30
0.66
0.16
0.31
-0.08
0.26
0.15
0.14

ONIONS
0.28
-0.04
-0.40
0.21
-0.28
0.35
-0.23
0.00
0.33

APPLES
0.26
0.66
-0.10
0.16
0.07
-0.07
0.23
-0.16
0.03

ORANGEQ
0.21
0.47
0.45
-0.45
0.14
0.29
0.14
-0.01
0.18

BANAQ
0.14
0.53
0.52
-0.01
0.12
-0.29
-0.05
0.27
0.31

ORANGES
0.13
0.49
0.20
-0.61
0.01
0.31
0.08
0.07
0.05

BANANAS
0.09
0.68
0.04
-0.22
-0.17
-0.36
-0.01
0.33
0.01

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)

`


%FRUIT AVAIL
%VEG AVAIL
APPLES
BANANAS
ORANGES
PEARS
PLUMS
TOMATOES
BROCCOLI
CABBAGE
CARROTS
CAULIFLOWER
CUCUMBER
LETTUCE
ONIONS
PARSNIPS
PEPPERS
POTATOES
FRUIT QUALITY
VEGETABLE QUALITY
INDEX

%FRUIT AVAIL
1
0.597
0.464
0.473
0.497
0.614
0.608
0.596
0.357
0.407
0.521
0.408
0.272
0.553
0.12
0.163
0.252
0.302
0.645
0.487
0.295

%VEG AVAIL
0.597
1
0.11
0.014
0.076
0.229
0.531
0.27
0.449
0.585
0.584
0.594
0.414
0.694
0.288
0.606
0.497
0.452
0.102
0.85
0.522

APPLES
0.464
0.11
1
0.327
0.194
0.618
0.108
0.483
0.281
0.094
0.456
-0.097
0.18
0.254
0.092
-0.09
0.003
0.284
0.525
0.105
-0.321

BANANAS
0.473
0.014
0.327
1
0.337
0.379
-0.027
0.257
0.037
-0.092
0.234
0.076
0.078
0.419
-0.025
-0.18
-0.158
0.099
0.396
-0.126
-0.174

ORANGES
0.497
0.076
0.194
0.337
1
0.21
0.145
0.093
-0.054
0.235
0.004
0.235
0.009
0.168
-0.082
-0.083
-0.109
0.088
0.371
-0.007
0.035

PEARS
0.614
0.229
0.618
0.379
0.21
1
0.214
0.632
0.301
0.036
0.579
-0.071
0.247
0.346
0.33
0.085
-0.111
0.353
0.457
0.099
-0.279

PLUMS
0.608
0.531
0.108
-0.027
0.145
0.214
1
0.209
0.361
0.271
0.29
0.273
0.234
0.311
0.22
0.161
0.454
0.323
0.349
0.551
0.38

TOMATOES
0.596
0.27
0.483
0.257
0.093
0.632
0.209
1
0.263
0.203
0.45
0.087
0.196
0.209
0.175
0.093
0.004
0.212
0.426
0.19
-0.179

BROCCOLI
0.357
0.449
0.281
0.037
-0.054
0.301
0.361
0.263
1
0.086
0.416
-0.004
0.266
0.431
0.357
0.32
0.194
0.245
0.135
0.391
0.085

CABBAGE
0.407
0.585
0.094
-0.092
0.235
0.036
0.271
0.203
0.086
1
0.361
0.519
0.322
0.205
0.138
0.21
0.289
0.132
0.051
0.498
0.227

CARROTS
0.521
0.584
0.456
0.234
0.004
0.579
0.29
0.45
0.416
0.361
1
0.255
0.34
0.57
0.392
0.112
0.136
0.35
0.171
0.438
-0.068

CAULIFLOWER
0.408
0.594
-0.097
0.076
0.235
-0.071
0.273
0.087
-0.004
0.519
0.255
1
0.184
0.42
0.045
0.251
0.146
0.123
0.076
0.483
0.39

CUCUMBER
0.272
0.414
0.18
0.078
0.009
0.247
0.234
0.196
0.266
0.322
0.34
0.184
1
0.381
0.227
0.134
0.335
0.379
0.273
0.504
-0.147

LETTUCE
0.553
0.694
0.254
0.419
0.168
0.346
0.311
0.209
0.431
0.205
0.57
0.42
0.381
1
0.13
0.183
0.304
0.377
0.141
0.541
0.25

ONIONS
0.12
0.288
0.092
-0.025
-0.082
0.33
0.22
0.175
0.357
0.138
0.392
0.045
0.227
0.13
1
0.143
-0.035
0.471
0.038
0.23
-0.217

PARSNIPS
0.163
0.606
-0.09
-0.18
-0.083
0.085
0.161
0.093
0.32
0.21
0.112
0.251
0.134
0.183
0.143
1
0.159
0.206
-0.09
0.429
0.371

PEPPERS
0.252
0.497
0.003
-0.158
-0.109
-0.111
0.454
0.004
0.194
0.289
0.136
0.146
0.335
0.304
-0.035
0.159
1
0.278
0.36
0.722
0.457

POTATOES
0.302
0.452
0.284
0.099
0.088
0.353
0.323
0.212
0.245
0.132
0.35
0.123
0.379
0.377
0.471
0.206
0.278
1
0.284
0.49
-0.076

FRUIT QUALITY
0.645
0.102
0.525
0.396
0.371
0.457
0.349
0.426
0.135
0.051
0.171
0.076
0.273
0.141
0.038
-0.09
0.36
0.284
1
0.276
-0.039

VEGETABLE QUALITY
0.487
0.85
0.105
-0.126
-0.007
0.099
0.551
0.19
0.391
0.498
0.438
0.483
0.504
0.541
0.23
0.429
0.722
0.49
0.276
1
0.457

INDEX
0.295
0.522
-0.321
-0.174
0.035
-0.279
0.38
-0.179
0.085
0.227
-0.068
0.39
-0.147
0.25
-0.217
0.371
0.457
-0.076
-0.039
0.457
1

APPENDIX 2

CORRELATIONS BETWEEN COMPONENTS OF ACCESS INDEX
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