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Abstract

The purpose of this study is to develop a method to identify the radical changes in the Mediterranean
adequacy index (MAI) trend for monitoring and modifying food and prevention policies. The development
of a statistical solver demonstrates that the evolution of the MAI over time (1961-2013) in the EU
countries, the USA and Japan is at least bi-parted. In most countries, often two successive conflicting
tendencies emerge, whose intersection is signaled by a turning point. The framework of the “knowledge-
based view” can help determine whether or not the slopes of the new trend are idiosyncratic with WHO
objectives to prevent chronic diseases. Sustainably fighting against the rise in coronary heart disease
(CHD) requires to incentive both demand and supply of food products Mediterranean-intensive, revealing
by solver use the MAI hidden turning-points . This study allows policymakers to improve their planning,
prevention and monitoring capabilities through more exact projections concerning both Mediterranean
food markets and emerging CHD risks.

Keywords: Food and life styles, Knowledge-based view, Mediterranean Adequacy Index, Turning-point,
Two segment regression, Value chain impact.

vent risks of death (Barringer, 2001; Panagiota-
kos, Pitsavos and Stefanadis, 2006; Estruch et
al., 2013; Delgado et al., 2016) from Coronary
Health Disease (CHD). In particular, an inverse
correlation between the adherence to MD and the

1. Introduction

The Mediterranean diet (MD) is a multifacto-
rial product since it is a result of «a set of tra-
ditions, symbols, rituals, knowledge, capacities
and skills concerning crops, harvesting, fishing,

animal husbandry, conservation, processing,
cooking, and particularly the sharing and con-
sumption of food» made operational (UNES-
CO, 2018). Experimental and clinical literature
is unanimous in considering the MD, as a food
bundle low-fat and rich-in-fiber, able to pre-

mortality rate for CHD was found in cross-sec-
tion longitudinal studies (Alberti-Fidanza et al.,
1999; Fidanza et al., 2004; Chang et al., 2017,
Palma and Padilla, 2012) focused on Mediterra-
nean countries (Cyprus, Croatia, Spain, Greece,
Italy, Morocco and Portugal) and abroad (Okina-
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wa in Japan). This paper deals with the opportu-
nity to adopt a Mediterranean diet type as a tool
for supporting worldwide an healthy nutrition
for both public health prevention and agro-food
production promotion in 22 countries including
Portugal, Spain, France, Italy and Greece.

In 2015, there were 17,7 million death for fa-
tal and/or disabling pathologies which involve
huge expenses for the public health systems of
the various countries, loss of work and wage,
family difficulty to survive with dignity given the
private health costs (WHO, 2017; World Bank,
2017). Those are the reason moving the WHO
to set, among its Global Action Plan 2013-2020,
the voluntary country-based target for a 25% re-
duction in risk of premature mortality from those
chronic pathologies that is the strategic “primary”’
objective No. 1 (WHO, 2013). Another primary
WHO strategic target (No 7) is to halt the rise
in diabetes and obesity through assessing «the
main risk factors such as unhealthy diet» (WHO,
2013) representing an “instrumental”, related to
agricultural policy, target. It becomes therefore
crucial to establish whether there is a univocal
descending or ascending trend in the time series
concerning the adherence to MD or similar diet in
order to estimate the perspectives of Mediterra-
nean food market and CHD events in the future.

At first glance, FAO data (2011) on food bal-
ances (1962-2013), transformed into the Medi-
terranean Adequacy Index (MAI) for 22 coun-
tries, support the hypothesis that in fifty years
the MD trend was mostly decreasing, but that in
a majority of countries after a certain time the
trend was splitted in two segments due to the oc-
currence of a structural turning point. Generally,
the first of two was a decreasing trend while the
second was an increasing or stable trend. The
hidden problems are behind the idiosyncratic
nature or less of the two trends. However, it is
essential to establish the form of the function of
the trends and determine if the turning point is a
real turning point, followed by an upward or sta-
ble tendency, then reliable, or on the contrary a
local minimum, then unreliable. If the variation
would found in most countries, then the hypoth-
esis of the presence of a turning point would be
validated and able for the prediction of a pro-
gress to a healthy diet.

In addition, MD-based eating patterns well
balance some foods including bread, cereals,
potatoes, legumes, vegetables, fresh and dried
fruit, fishery products, red wines and virgin olive
oil, which are generally considered as a whole
“healthy diet”. For the purpose of this study, it
can play an important role in promoting pub-
lic health, improving food and nutrition secu-
rity, stimulating environmental protection and
promoting socio-economic development in the
entire Mediterranean region (CIHEAM/FAO,
2015). This healthy diet can represent a strate-
gic resource based on evidence whose potentials
are still waiting to be harnessed for the improve-
ment of public health (Leonardi, 2015) and for
a healthy agri-food policy. At the same time,
stability at a high or low level of MAI or insta-
bility can produce general and economic diver-
sified impacts. They include those on the state
of health, life expectancy, health care spending
interchange between domestic and international
segments of the food system, composition and
level of agro-food supply, consumptions, organ-
ization and transport of the distribution chan-
nels (Heinberg and Bomford, 2009). Objective
of this study is finding a method to solve the
problem of detection of a real turning-point if
it exists. After setting the mathematical model,
a problem-solver, corredated by an extensible
and portable Excel sheet, has been designed and
developed, able to establish the point that is can-
didate as experimental turning-point, (Appendix
1). It is placed where the sum of the errors of
the two regression straight lines is minimized
and indicates when profound structural changes
can occur in the trend of eating habits (Piccinini
et al., 2016). However, it might be only a vari-
ance minimization point. Thus, the model pro-
vides a further test for turning-point acceptance.
The validation of the consistency of the results
is done through the following sequential tech-
niques: a) evaluation of coincidence between the
experimental point of intersection, and the the-
oretical point; b) computation of the sum of the
errors which derives from un/significant jumps
in the MAI between the above two points; c)
assessment of best goodness of a quadratic re-
gression (parabolic) in the remaining cases. This
method can be extended to other scientific fields
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where it is very important to identify the turning
point of long data time series as in economics,
and more specifically in the financial markets,
e.g. when to sell stock exchange shares (Tang,
2010). Other main fields of applications are: in
the image recognition, in agronomics etc. In the
latter, the study of the turning point concerns,
e.g. the relationship between the use of fertiliz-
ers and the productivity of soils or the increase
of seed or bulb weight (Hongqiang et al., 2005),
or the costs of inputs (Wang and Wan, 2012) or
to characterize plant vegetation cycle (Zeist et
al., 2017), But the casistic can be ample and di-
versified.

2. Theoretical framework

The conceptual lenses of the Resource-Based
Theory (RBT) of organizational development
and its spillover, the Knowledge Based View
(KBV), have been adopted. The RBT (Barney,
Ketchen and Wright, 2011; Barney, 1991; Wer-
nerfelt, 1984; Penrose, 1959), representing a
prominent theoretical framework, postulates that
only productive factors achieving «above-thresh-
old performances», thus «valuable», can be
called «resources» strictu sensu. «Methodolog-
ical challenges are recurrent themes in the RBT
literature» (Barney, Ketchen and Wright, 2011,
p. 1311). This study locates the above mentioned
MALI idiosyncratic trends on public health pol-
icies and healthy food production policies, by
focusing on above threshold values. Addition-
ally, resources being Rare (concentrated among
competitors), Inimitable (or at least difficult to
be imitated) and Non substitutable (with no or
low strategically equivalent resources), called
“VRIN”, represent the only ones allowing deci-
sion makers to defend their above-threshold per-
formances (Barney, 1991). Rarity, inimitability
and non substitutability of those trends haven’t
been considered by this study and represent re-
search limits. Prominent perspectives, stemming
from the RBT, include the Natural-Resource
Based View (NRBYV) of the firm (Hart, 1995),
the Knowledge-Based View (KBV) of the firm
(Foss, 2010; Grant, 1996) and dynamic capa-
bilities (Teece, Pisano, and Shuen, 1997). To
achieve stably positive performances, especially

the KBV went to focusing on the importance of
organizational knowledge representing the focus
of this study. Following the KBV, knowledge
appropriability, transferability and aggregability
represent their main key-quality attributes to be
considered when managing knowledge (Grant,
1996). Mainly due to the complex, non-circu-
lar and thus largely unpredictable interactions,
existing among national lifestyles eating habits
and healthy agro-food consumptions, especial-
ly knowledge appropriability and transferability
have been considered by this study.

The intangibility of several of those resourc-
es required RBT scholars to develop even more
robust methodologies trying to quantify per-
formances achieved (Barney, 2001; Godfrey
and Hill, 1995; Molloy et al., 2011; Hitt et
al., 2007). Notwithstanding, several research-
es referred to especially intangible resources
seemed to be burdened by problems of “con-
struct validity” (Barney, Ketchen and Wright,
2011; Strauss and Smith, 2009) while perfor-
mance of several resources remained largely
untested (Hoopes and Madsen, 2008). This
paper considers above threshold performances
as the key-quality requisite of trends, counter-
trends and turning-points.

Moreover, despite the important role played
by uncertainty and risks, and regardless the is-
sue of “where resources and knowledge come
from?” the issue of generating new knowledge
represents important but relatively under-ex-
plored fields of research in the RBT literature
(Godfrey and Gregersen, 1999; Ahuja and Kai-
la, 2004). Generally, risk refers to deviation of
a quantified evaluator caused by its volatility
over a certain period (Téth et al., 2014). Since
its conception, agricultural risk has often being
intended as linked to uncertainty in weather,
yields, prices, government policies and global
markets impacting farming and which can cause
drops in agricultural industry incomes (Dillon,
1971). Risk types in agriculture include pro-
duction, credit, personal political and economic
(Girdziute, 2012, p. 785) while the importance
of social environment as a source of uncertain-
ty and risk has been often underestimated. The
general idea lying behind this study is that «in-
formation from the social environment regard-
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ing the MALI, following forecasts errors and the
risk of idiosyncratic situations can represent im-
portant sources of knowledge» (Kitagawa and
Okuda, 2016, p. 487). Consequently, the value
of idiosyncratic and non-idiosyncratic (poten-
tially synergic) MAI trends have been taken
into account here as well as in other studies
focusing on consequences of forecasting errors
(Ota, 2010; Kitagawa & Okuda, 2016). RBT
studies on organizations’ commitment (Helfat
and Lieberman, 2002), timing (Zott, 2003), and
managerial capabilities focused on different
sources of knowledge creation (Teece, Pisano
and Shuen, 1997). Idiosyncratic situations can
contribute to create new knowledge by invali-
dating the pre-existing one. Ordinarily, decision
makers interpret recent trends in light of past
ones. For instance, they believe that a “mod-
erate” risk will cause more concern whether it
was previously low compared to the high one
and viceversa. Differently, turning-points re-
quire decision makers to interpret recent trends
in light of the both present and underlying, thus
“hidden”, ones. Following this approach, “mod-
erate” risk of reduction in MAI will cause more
concern only whether if it was accompanied by
a idiosyncratic trend turning point.

The idiosyncratic situations, opportunities and
trends tend to force organizations to generate
new knowledge, can became the cornerstone of
new knowledge acquisition processes and can
stimulate public health organizations to embrace
new search paths and planning processes.

But idiosyncratic and non-idiosyncratic situ-
ations can also induce forecast errors, reducing
or augmenting the effectiveness of policies re-
spectively, and increase the risk in a cumula-
tive manner. This study intends to control the
MALI organizational environment that is of main
importance to early detect the contrasting ten-
dency in time of the MAI before and after the
turning-points, such as to recognize disorderly
eating habits and to improve the effectiveness
of public health and healthy agro-food produc-
tion policies. In this study, the idiosyncratic and
non-idiosyncratic trends can indicate the reduc-
tion or heighten, respectively, of healthy eating
habits, and thus healthy agri-food consumption,
through the use of MAI proxy.

3. Materials and methods

Several articles studying MAI trends have been
published including Balanza (2007), Garcia-Clo-
sas (2006), Schmidhuber and Traill (2006), Da
Silva (2009), Palma and Padilla (2012), Chang et
al. (2017), Di Lascio and Disegna (2017), and Fi-
nardi (2018). Despite their achievements, at the
state of our best knowledge, no studies dealing
with eventual turning points in MAI trends and
idiosyncratic risks emerged. The Mediterranean
diet has been taken as a reference of both healthy
food styles and healthy agro-food consumption
to analyze its long-term evolution and see if the
countries examined are going in the direction of
consumption of good for health food or in the
opposite one. As a measure of a virtuous behav-
ior of the average consumer, the Mediterranean
Adequacy Index (MAI) (Alberti-Fidanza et al.,
1999; Fidanza ef al., 2004) will be used. This in-
dex has previously been proved to be positively
related to the reduction of cardiovascular degen-
erative diseases (Alberti-Fidanza et al., 1999; Fi-
danza et al., 2004; Chang et al., 2017). The MAI
is the ratio between calories (kcal) of consumed
food (daily per capita) that have positive impact
on health (bread, cereals, potatoes, legumes, veg-
etables, fresh and dried fruit, fishery products,
virgin olive oil, red wine) and calories derived
from foods (meat, milk, cheese, eggs, animal fats
and margarine, cakes, sugary drinks, sugar) that
have been proved as having a negative impact on
health: i.e.

_ Yenergy from Carbohydrates + Protective

" % energy from Animal Derivatives + Sweets

The MAI was evaluated for the EU countries,
Japan and USA using the database available by
FAO named “Food Balance Sheets” (FBS). They
are internationally harmonized and comparable
data, used by researcher and public health offi-
cials (Balanza et al., 2007; da Silva et al., 2009;
Palma and Padilla, 2012); they also may be used
to give an important contribution of analysis for
future health and food policies. The database in-
cludes about 100 different food items in a span
of fifty two years (1961-2013) for more than 180
countries and aggregate geographical areas.
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Belgium (inserted in FAO data as Benelux
for the first period) and some of more recent-
ly EU members (Estonia, Lithuania, Latvia,
Czech Republic, Slovenia and Croatia) were
not included in this analysis because the num-
ber of annual data is insufficient to determine
the turning year. The intention was to estimate
the data also for the first period so that to inte-
grate the series and the results of this study, but
this goal has not been considered a priority also
because it would involve a certain arbitrariness.

About the methodology, the authors have
developed the original technique of the two re-
gression segments to find the turning-point. The
basic hypothesis to verify is that the series con-
sidered is not unidirectional: a trend is followed
by a countertrend whose intersection point may
be a turning-point. The purpose of the procedure
is to make two linear regression in two stages:
1) in the first stage the candidate turning-point
is determined; ii) in the second stage, the line-
ar approximation to the left and the right of the
turning-point is calculated.

The two tests described below permit to es-
tablish the consistency of the results. To make
the method extensible, an Excel sheet has been
developed (Appendix 1) in which for any sim-
ilar problem, the operator entering a series of
data, in the appropriate column, manages to
have the answer if the series has a turning-point
and reconstruct the 2 tables that allow him to
validate the turning-point through the two tests
described below.

Letx , .., X, ..., x, be the sequence of times
1, 2, ... 53, corresponding to the years 1961,
1962, ..., 2013. For each point x, excluding the
first and the last, the sequence of times on the
Left = [x,, ..., X] and Right = [x, ..., x,] are
considered.

The linear regression on the Left points is de-
termined obtaining the equation of the regres-
sion line

y=myzx+ Cx,
with quadratic error £, ; the same thing is re-
peated for the Right points getting

Yy = mpzx + Cgx,

with quadratic error £, . The minimum quadratic
error of the system is calculated,

at the variation of x. The x identifying the min-
imum is the candidate turning-point, that is the
year of turn, and is called x , which corresponds
the value y .

Regarding the verification tests, it must first
be checked that E (minimum quadratic error) is
significantly smaller than the quadratic error ob-
tained with a single linear or quadratic regression.

At this point, the actual verification phase be-
gins. The validation of the consistency of the re-
sults is done through this sequential technique:
a) the evaluation of distance between the can-
didate point, and the theoretical point of inter-
section; b) computation of the sum of the errors
representing below/above threshold, thus signif-
icant jumps in the MAI between the above men-
tioned two points.

Regarding the sequential technique a), the in-
tersection point of the two left and right inter-
polation lines from the solution of the system is
searched

After verifying that the lines are not parallel,
that is m, does not coincide with m,, x, y,, the
two theoretical values are obtained as follows:

y=myx+ C,
y =mgx + Cp

CL— Cr
Xg = ————
- mL + mR
_mLCR + mRCL
Ys=——— "+

_mL“l' mR

The following threshold-based stress-test has
been established. If |x_ —x | <4 the test is passed
(Passed) otherwise no (Not Passed).

In the positive case, with the reference to the
sequential technique b), it needs to verify that
the difference between the true value of the MAI
and the corresponding values of the two straight
lines at x , namely

Ye —myxc — Cy

Ye — Mpxc — Cg
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must be small enough to exclude too beveled
curves or jumps at the turning-point. For this
purpose, the sum of the 2 absolute values, divid-
ed by, is considered:

mpXc — CL|+|YC_ B CRl
1+ y,

_ |yc _ Mg Xc

J

Experimentally, a second threshold of the
Jump (J) adopted is J<2, but if 2 <J <4 the result
can be accepted, but the corner is very beveled.

Table 1 - Validity tests of the candidate turning-point.

4. The recognition of the turning years in the
Food styles

The analysis that follows reports the results
of tests to establish the validity of the a year as
turning-point by comparing the year in which
the quadratic turning error is minimal with that
obtained by the intersection of the two linear
regression lines (left and right ones). For this
purpose, the following third threshold-based
evaluation system has been defined as suggested
by RBT methodology. The test has passed in all

MAI value (4) Virtual (6) Test
. o) Computed
Country (1) ) (3). Turr.u.n S| 1 urning Turning (7) (8
1961 | 2073 | Turning Position Year Position a) b)
Year (xc) (xs)

Spain 3.81 1.69 2.17 10 1970 10.4 Passed 0.085
Japan 5.25 2.32 2.75 10 1970 10.5 Passed 0.047
Finland 0.85 091 0.68 11 1971 11.7 Passed 0.038
France 1.33 1.21 0.92 13 1973 13.7 Passed 0.021
Malta 1.78 1.14 0.92 13 1973 13.7 Passed 0.021
Poland 1.55 1.31 1.08 14 1974 14.9 Passed 0.036
Greece 4.53 1.92 2.55 15 1975 15.7 Passed 0.138
Romania 4.06 1.87 2.05 16 1976 16.6 Passed 0.086
European Union 1.47 1.32 1.16 17 1977 17.5 Passed 0.042
Bulgaria 3.52 1.51 1.84 19 1979 19.5 Passed 0.121
Germany 1.02 1.04 0.81 19 1979 19.2 Passed 0.016
Italy 3.18 1.91 1.85 23 1983 21.7 Passed 0.027
Austria 1.05 1.15 0.84 24 1984 24.8 Passed 0.042
Hungary 1.26 1.20 0.83 27 1987 273 Passed 0.043
Netherlands* 1.13 1.08 0.78 33 1993 325 Passed 0.026
Cyprus 3.56 1.46 1.22 35 1995 352 Passed 0.033
Portugal* 3.37 1.53 1.43 39 1999 39.3 Passed 0.028
Sweden 0.87 1.06 0.91 18 1978 29.1 Not Passed | 0.040
Ireland 0.82 1.16 0.76 21 1981 6.2 Not Passed | 0.090
United Kingdom 0.75 1.24 0.84 23 1983 8.8 Not Passed | 0.073
USA 0.78 1.15 0.99 26 1986 36.7 Not Passed | 0.028
Denmark* 0.82 0.88 0.77 38 1998 -17.9 Not Passed | 0.061

Source: Authors’ elaboration on FAO data.

* Countries where quadratic regression fits in better.
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cases where this difference, in absolute value, is
less than 4 (first level threshold). The results are
summarized in Table 1.

The third column in Table 1 indicates the actu-
al MAI value in the turn year, and that year can
be found in the fifth column. The corresponding
Turning years (x. and xg; years elapsed since
1961), named virtual and computed, get the mini-
mum error (E) with the intersection of the two seg-
ments, and are reported respectively in the fourth
and sixth columns. The last two columns indicate
the validity of the tests a) and b) respectively.

Of the 22 countries examined, 15 passed both
tests (included the EU), 4 did not pass them
(Sweden, Ireland, United Kingdom, USA, and
Denmark), and 3 fitted better in the quadratic re-
gression (The Netherlands, Portugal, Denmark),
but the first two (Netherlands and Portugal)
passed also the tests of the linear two-segments
regression (Table 1).

In the first period, for the countries positive-
ly tested, before the turning-point, the Medi-
terranean Adequacy Index (MAI) had declined
steadily and after it (second period) the trend has
been imperceptibly decreasing or constant. In
all cases, the Jump (J) deriving from the test b),
largely explained in the methodology, assumes
very low values to indicate that the MAI curve
did not have jumps at the turning-point and/or
was not too beveled.

It should be noted that 11 out of 15 countries
(included the EU and Japan) have a turning-point

in the 70s of the last century, 3 in the 80s and one
in the 90s. The most timely countries that have
experimental turning-point in the Mediterrane-
an Adequacy Index in the *70s are Spain, Japan,
Finland, France and Malta, and 10 years later
(1983) Italy, followed by Austria, Hungary and
Cyprus. The latter has the turning-point with a
12 years delay compared to Italy. To understand
with an example the different timing, see Fig-
ure 1 in which MAI trends of the two left and
right regression lines for Hungary and for Italy
are displayed. After the turning-point, Hungary
has a remarkable growth in the MAI, while Italy
has a substantial constancy (Fig. 1). However,
the levels of MAI achieved in 2013 are very dif-
ferent, as for Italy the MAI is much higher than
Hungary. Actually Hungary, started with a Low
MAI in 1961, confirmed that level also in 2013,
while Italy, on the contrary, also after the drop
has remained in the High range of MAI for more
than an half century (Fig. 1).

5. Results: the significance of slopes in the
two periods

The results obtained with the linear, and quad-
ratic regressions and the technique of the two re-
gression segments described above are enclosed
in the following Table 2.

In the first three columns of Table 2 after the
Country column, the quadratic errors obtained
with simple linear regression, quadratic regres-

3,5

2,5

Mediterranean Adequacy Index (MAI)

0,5

Italy
2
mw-\/‘-/\“w
Y ——MAIl Hungary
~
b ° —MAI Italy
I "

Hufigary

Figure 1 - Trends and coun-
tertrends of MAI by Re-
gression of two segments

(1961-2013).
Source: Authors’ elabora-
tion on FAO data.

77



NEW MEDIT N. 2/2019

Table 2 - Two-segments, linear and quadratic regressions on MAI data (1961-2013).

I Linear 2. Quadratic 3 Tivo 4. Slope | 5. Slf)pe 6. Intercept | 7. Inte.rcept

Country Regression |  Regression Segments of Lef of Right of Left of Right

Error Error Error (E) Segment | Segment Segment Segment

m) | (my ) ()

EU 0.4267 0.0624 0.0114 -0.0224 0.0061 1.5029 1.0046
Us4 0.0537 0.0380 0.0230 0.0092 0.0040 0.7331 0.9226
Germany 0.3269 0.0932 0.0379 -0.0139 0.0082 1.0572 0.6324
Finland 0.1889 0.0738 0.0432 -0.0173 0.0079 0.8455 0.5506
Sweden 0.1219 0.0598 0.0536 -0.0001 0.0067 0.9303 0.7323
United Kingdom 0.1600 0.1173 0.0575 0.0030 0.0124 0.7310 0.6481
Austria 0.5331 0.0826 0.0769 -0.0113 0.0132 1.0827 0.4744
Netherlands* 0.3406 0.0581 0.0803 -0.0067 0.0128 1.0202 0.3864
Italy 2.5361 0.2564 0.1031 -0.0588 -0.0001 3.1799 1.9068
France 0.6835 0.1250 0.1054 -0.0348 0.0074 1.3679 0.7891
Malta 0.6835 0.1250 0.1054 -0.0348 0.0074 1.3679 0.7891
Ireland 0.2584 0.2280 0.1433 -0.0030 0.0077 0.7973 0.7306
Hungary 1.3171 0.1817 0.1730 -0.0221 0.0163 1.3954 0.3451
Poland 1.2967 0.5546 0.2467 -0.0429 0.0096 1.6644 0.8854
Bulgaria 6.2186 0.8204 0.3652 -0.1003 -0.0017 3.5992 1.6774
Denmark* 0.1137 0.0564 0.3652 -0.0002 0.0017 0.7534 0.7879
Spain 6.0949 1.6378 0.5433 -0.1899 | -0.0099 3.9618 2.0984
Greece 7.2970 1.8311 0.5966 -0.1378 -0.0123 44153 24414
Romania 10.8763 2.8732 0.8050 -0.1489 | -0.0020 4.3454 1.9122
Japan 13.0925 3.4387 0.8298 -0.2736 | -0.0095 5.4589 2.6954
Portugal* 2.8476 1.0432 1.1731 -0.0556 0.0115 3.5752 0.9369
Cyprus 5.4009 2.5325 2.4590 -0.0604 0.0113 3.3079 0.7812

Source: Authors’ elaboration on FAO data.

* Countries where quadratic regression fits better.

sion of the whole series, and the technique of
two regression segments (splitting the series
in two periods), respectively, are displayed as
the result of the application of the techniques
described in the Methods. In almost all cases
(except Denmark), the two-segment regressions
have a smaller error (Two Segments Error - col-
umn 3) compared to that obtained with a single
regression line, performed on the data of the
whole period 1961-2013 (Linear Regression Er-
ror-column 1). This is the second level of thresh-
old used in compliance with RBT. There are only
three countries (Denmark, the Netherlands and
Portugal) for which the error (Quadratic Regres-
sion Error - column 2) obtained with the quad-
ratic regression (rather than linear one) is lower

than that of the two segments-linear regression.
For these three countries, the minimum found is
in the years 1979, 1987, and 2015, respectively,
but they are not turning-point years. No valida-
tion of radical change in the trend is confirmed.
In the last 4 columns, the angular coefficients
and the intercepts of the two regression lines on
the left and on the right of the turning year have
been made available (Table 2).

Subsequently, according to RBT method,
five categories of MAI has been defined by es-
tablishing the following third level ranges of
thresholds: Very High (VH) MAI>3.0, High
(H) 1.8<MAI<3.0, Medium (M) 1.5<MAI<1.8,
Low (L) 1<MAI<I1.5, and Very Low (VL)
MAI<I.
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1961-2013
Country .Very High (H) Medium Low (1) Very Low
High (VH) (™M) (Vi)
Japan VHotedy
Greece VHepip
Romani VH >
Spain VH S
Cyprus VH >
Bulgaria VH =
Portugal® VH >
Ttaly T
Malta L .
Poland O e o
European Union L
France L
Hungary L
Netherlands* L
Austria L
Germany L
Sweden /L
Finland VL
Ireland L
Denmark*® VL
USA o 1
United Kingdom =t VL

The Figure 2 represents the migration of MAI
from 1961 to 2013 in the whole period inde-
pendently from the turning-points and indicates
the direction of long-time trend for each coun-
try (Korte, B. and Oberhofer, 1971). An arrow
right-oriented means a decreasing of the MAI
that may be considered by RBT a “dysfunction-
al” trend, while a left-oriented arrow indicates
a rising of MAI and thus a “functional” trend.
The migration from a category with an higher to
another with lower MAI reflects an idiosyncrat-
ic behavior in eating habits that makes it hard-
er to achieve the WHO targets, and indicates a
shift away from a good for health standard diet.
The opposite is the consequence of a healthy or
non-idiosyncratic behavior in eating habits in
tune with WHO objectives.

On consequence, the presence of a trend cor-
responding to a non-idiosyncratic versus an idi-
osyncratic dynamic behavior (with consequence
of MAl increasing or decreasing) may be consid-
ered respectively a systematic tendency towards
the achievement or less of the WHO objectives.

From a static point of view, countries have been
classified at the beginning of the period, consider-
ing their MAI values as idiosyncratic and non-id-
iosyncratic by RBT: “L” and “VL” positions have

Figure 2 - Mediterranean Adequacy Index (MAI)
Migration Graph (1961-2013).
Source: Authors’ elaboration on FAO data.

been assumed to be idiosyncratic while “VH”,
“H” and “M” non-idiosyncratic. From a dynam-
ic point of view, a trend moving towards higher
MALI positions is considered non-idiosyncratic
(functional) while a trend moving towards lower
MALI positions is considered idiosyncratic (dys-
functional) from a politically point of view.

From Table 2, Figure 2 and especially Graph
1, four categories of eating habits are detected
considering the transformations suggested by
the analysis of the two MAI trends, established
by the two lines slopes, before and after the
Turning-point and the final level of the Mediter-
ranean Adequacy Index.

- The Cat-1 includes countries which have
worsened their eating habits passing from the
healthiest food style to one less good for health
(from VH-MAI in 1961 to H-MAI in 2013).
These countries are characterized by a first peri-
od in which the Mediterranean Adequacy Index,
starting from VH values, have suffered a deep
drop followed by a second period of further,
but very slow, reduction (Japan, Romania, and
Greece). Italy, differently, after the turning-point,
has a MAI with an imperceptible decreasing but
it remains however High, in the range between
3.18in 1961 and 1.91 in 2013 (Table 1). However
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the MALI finally achieved in these four countries
over performs the level of others, but its decreas-
ing trend is far from stopping, and this perfor-
mance does not help national health policies
to achieve 2025 NCDs’ reduction targets. The
MAL, starting from a non-idiosyncratic situation,
developed continuously a MAI idiosyncratic
trend (decreasing) in the two periods considered,
although with a radical change in its slope after
the turning-point (second period) in the sense
of an attenuation of the decreasing trend. This
behavior, according RBT terminology, assumes
the characteristic of a “dysfunctional stability”.
Japan, Greece and Romania have achieved their
turning-points in the seventies, thus demonstrat-
ing more stable and healthy eating habits, respect
Italy which turned back in 1983.

- The Cat-2 comprises countries as Spain, Bul-
garia and Portugal that assisted to a worsening
from an healthiest food-style to a medium-good
for health food habits (from VH-MALI in 1961
to M-MALI in 2013). Their MAI, starting from
Very High levels, deep collapsed and migrated
to Medium one, thus favoring a real structural
change towards the impoverishment of the diet.
At the beginning, the MAI of these countries was
very high (RBT non-idiosyncratic situation) but
it has lost strongly its capacity, due to an idio-
syncratic behavior, to support decision makers

Graph 1 - Slopes of left and right segment before the
turning-point and 2013 MAI level.
Source: Authors’elaboration on FAO data.

in achieving NCDs’ reduction targets. This hap-
pens mainly in the first period, although in the
second one the negative trends greatly attenuated
better than the Cat-1. Notwithstanding the trends
were in both period idiosyncratic. This behavior
assumes the characteristic of a RBT “dysfunc-
tional stability” as in Cat-1. The long idiosyn-
cratic downward trend of MAI in those countries
(Cat-1 and Cat-2) has greatly attenuated after the
turning-point. However this performance that is
considered negative is structural and could be
heavily influenced by lifestyles changes rather
than by dietary habits, passing from the agro-in-
dustrial to the post-modern stage of the econo-
my. The MAI evolution and trends in the Cat-1
and the Cat-2 of 7 out of 22 considered countries
is globally the result of an idiosyncratic behavior
with a negative impact on national 2025 NCDs
reduction policies and voluntary targets. For this
reason, their trends can led to a “dysfunctional
stability” that is high for the Cat-1 and moderate
for the Cat-2, and requires a deeply strengthen
of their both actual and future NCSs prevention
policies. The most significant declines before the
turning-point have been observed for Japan fol-
lowed by Spain, Romania, Greece and Bulgaria
demonstrating an idiosyncratic behavior. How-
ever, the MAI of those countries remain among
the highest ones. But after their turning year, only
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the MAI of Greece, Spain, Japan, Romania, and
Bulgaria (in the downward order) have declined
further although slightly. Notwithstanding, all
those last countries kept their MAI in the period
1961-2013 at the top, except for Spain, Bulgar-
ia and Portugal. In general, those two categories
suffered a downsizing of Mediterranean diet with
negative impacts on Mediterranean farms and
food industries.

- The Cat-3 is the most crowded category
with 12 countries (in addition to the EU) and re-
fers to Inadequate food styles (from M-MAI or
VL-MAIin 1961 to L-MAI in 2013). Inside of it
there are six countries that have been persever-
ing, in the first period, their old diet with a low
MALI (idiosyncratic situation) and a significant
weight of proteins of animal origin in food, but
they reduced the negativity of this behavior with
a slow increasing countertrend in the second pe-
riod (non-idiosyncratic trend). These countries
are the EU-complex, France, Hungary, the Neth-
erlands, Austria, Germany and Sweden.

- Other three countries, notably Malta, Poland,
and Cyprus, have reduced their MAI and wors-
ened their food style by migration to the CAT-3
coming from the Cat-2, the first two, and from the
Cat. 1 in the case of Cyprus. These last started
with a non-idiosyncratic situation and performed
an idiosyncratic behavior/trend in the first period
followed by a non-idiosyncratic countertrend in
the second period with a partial recover in the
MALI level. This behavior assumes the charac-
teristic of a “functional instability”. Cyprus MAI
has literally collapsed from the Very High to the
Low level, showing that this country has totally
changed the food style from the Mediterranean
to the Continental one, but it may be a statistic
illusion due to the political division of the island
in two parts, and the continuation of FAO series
attributing the data to the whole island.

However, in this category there are four coun-
tries that also improve the level of the Mediter-
ranean Adequacy Index from Very Low to Low:
Sweden, Ireland, the United Kingdom and the
United States. As one may note, Sweden, Ire-
land, the USA and the United Kingdom, which
occupy MALI idiosyncratic positions, are moving
toward non-idiosyncratic ones, but they didn’t
pass the test for the validity of their turning-point

year. This happened probably because their MAI
increase has not joined a MAI level high enough
to induce a turning-point, yet. This behavior as-
sumes the RBT characteristic of a “functional
stability”. They “improved” their eating habits
and increased their MAI in both periods, starting
from the Cat-4 and migrating upward to CAT-3.
These are only four countries which at all have
improved the MAL in the whole 1961-2013 pe-
riod, though of a little, changing the category.
This means that their trend is unique and con-
tinuous without any stop or turning-point. This
performance is understandable since their start-
ing MAI value was Very Low already in 1961
and now went up but only to a Low level. These
countries have hold, in the period 1961-2013, a
non-idiosyncratic behavior and have developed
trends towards more healthy eating habits, but
without reaching an adequate standard.

Considering the positive sign of the angu-
lar coefficient, but small, their MAI has a slow
growth. Hungary is the country with the high-
est growth in the second period after the turn-
ing-point although the MAI varies between 1.26
in 1961 and 1.20 in 2013: a recover after a se-
vere drop in the first period. Sweden, Ireland, the
USA and the UK despite have a Low MAI level
are increasingly moving towards an improved
MAL level following non-idiosyncratic trends.

However the efforts of those countries have
not been enough for a significant leap forward
to a healthier diet. The MAI achieved by those
last countries can be defined as “open towards
an improvement” that requires to be properly
secured by adequate policies. Nevertheless, the
Mediterranean agro-food production has been
positively stimulated by the expansion of ex-
ports to these countries that are not able to pro-
duce it on their own.

- The Cat-4, in which two countries (Den-
mark and Finland) continue to remain immersed,
and can be defined as that with the less healthy
or most harmful food eating habits with a stable
MALI at VL level from 1961 to 2013. The idio-
syncratic situation and a non-idiosyncratic behav-
ior and countertrend follow in the second period.
Finland, which is an unstable non-idiosyncratic
MALI country, had its turning-point year in 1971
and represents the country in which MAI health
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policies synergic effects are the lowest among the
above considered countries. The reasons of this
are unknown and may deserve further attention.

Finland and Denmark can be classified as
having an unstable Low MAI level and follow
a MAI non-idiosyncratic countertrend in the
second period. This behavior assumes the RBT
characteristic of a “dysfunctional stability”. For
Finland the stagnant situation seems to be un-
blocked, despite the empirical medical studies
of years ago have demonstrated the connection
between the diet adopted by this country and the
exorbitant number of myocardial infarcts over
the average (Fidanza et al., 2004). Probably the
pharmacological, medical and surgical inno-
vations have reduced the impact of these high
animal-protein and unhealthy food on the diet
(and beverages), but the risk of danger persists
as the MAI level is too low. Also Denmark did
not passed the tests of the turning-point, but the
level of the MAI remained Very Low although
this country demonstrated prevalently an idio-
syncratic stagnant behavior that became positive
only after a certain point. But it is not clear if the
parabolic shape with the upward concavity of
the DK- MALI function is going to be confirmed
in future. These countries give little space to ex-
pansion of Mediterranean agro-food exports.

In the Cat-3 and the Cat-4, the MAI situations
were idiosyncratic but trends are globally the
result of a non-idiosyncratic behavior mainly
in the second period in 16 out of 22 considered
countries.

Briefly, it is out of the question that MAI level
is low and that the intensity of animal protein
in the diet and of other not healthy food is on
average increased in the 22 countries examined
principally in the first period 1961-2013. There
is a convergence towards a less healthy diet, and
animal-protein intensive one, though in the sec-
ond period after each country turning-point the
majority of countries recovered a little the MAI
level. Obviously the Cat-3 and the Cat-4 for the
low level of MALI are the most exposed, but also
the Cat-1 and the Cat-2 remain at risk and there-
fore subject to potential negative consequences
for cardiovascular diseases due to the further
forecasted decline in the MAI trend. The danger
lies in the continuation of the MAI downward

trend, while for most part of the Cat-3 and the
Cat-4 it is necessary to support and reinforce the
weak upward trend of the MAI. The agro-food
policy must take into account that the worst has
passed and focus on those quality products, such
as olive oil, wine and raw ham required by the
market, even if not in complete harmony with
the Mediterranean diet.

6. Conclusions

This study represents an original attempt to
verify the reliability of the trends of the Mediter-
ranean adequacy index in 22 countries, discover-
ing the hidden turning points, within the frame-
work of the resource-based theory (RBT) with
particular reference to its methodology based on
the overcoming of three levels threshold. Such
study contributes to the literature on food poli-
cy mainly in three ways: firstly, at the best state
of our knowledge, no previous studies explored
the hidden nature of MALI trends represented by
the detection of their turning-points. Respect to
Chang et al. (2017), this paper identifies “when”
and “how” food styles trends change their own
state of nature: from decreasing to increasing/
stabilizing or to random and vice-versa. Second-
ly, this study establishes the year and country in
which a new trend began with the greatest, or
the least probability of duration and suggests as
idiosyncratic food style trends can bring agricul-
tural, food and health industries decision makers
to adopt a convergent and unique innovation of
product or process path (Ahuja & Katila, 2004).
Previous RBT studies enlightened the role played
by idiosyncratic situations such as technology
exhaustion and firms’ expansion beyond national
markets in helping decision makers to innovate.
The interaction existing between MAI idiosyn-
cratic trends and pre-existing MAI trends per-
meates the entire study and becomes the thin fi/
rouge connecting public health policies and Med-
iterranean Diet-based agricultural policies adopt-
ed in uncertain social environment conditions.

«Decision makers often make predictions and
set-up their policy targets basing on trends they
have observed in the past», following Hohle and
Teigen (2015, p. 416). Thirdly, country based
MAL idiosyncratic trends forecast a future drop
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in the demand for potentially healthy foods and
require more effective purchase and production
incentives. Similarly, they suggest an expected
increase in the demand for potentially unhealthy
foods and the adoption of more effective produc-
tion and purchase disincentives, and vice-versa.
MALI non-idiosyncratic trends suggests the ex-
cessive importance given to “kilometer-zero”
from the supply side, irrespective of the health-
iness of food. In this case, the danger is to fall
down into the so-called “local trap”, highlighted
by Born and Purcell (2006).

Moreover, new research directions emerge
from the demand side. In the last decade, the
growing trends in organic food sales, veganism,
fresh (crude) food consumption and the shorten-
ing of supply chain are re-shaping food industry.
In the future, «agro-food policies must consider
both agricultural and health industries, to enable
the setting up of coherent and sustainable pol-
icies, capable to benefit human health, agricul-
ture, and the environment» (Kearney, 2010, p.
2793; Dernini et al., 2013). How, or “to what ex-
tent”, these trends can reduce MAI idiosyncratic
trends? This is one of the challenges that future
research will have to answer.

In the EU-27 countries, four food styles have
emerged by following different trends: Mediter-
ranean, Balkan, Mittel-Western European, and
North Eastern European (Chang et al., 2017).
The application of the method to detected the
turning-points has succeeded for countries which
follow the Mediterranean and Balkan eating hab-
its and for Japan that registered a turning-point
mainly in the seventies, deriving from a drop in
MALI index, followed by a stabilization at High/
Medium non-idiosyncratic levels). Also for ma-
jority of the Mittel-Western European countries
the model succeeded, and the MAI evolution is
weakly shaped as a bowl around the Low idiosyn-
cratic levels of stabilization. Only three countries
fit better the MAI trend with a quadratic function.
For Belgium, Luxemburg, former USSR, and
ex-Yugoslavia countries, a valid turning-point has
been found for most countries, but the results for
the other ones still remain unstable mostly due to
short time series (20 years only rather than 52).

There are now 11 countries (and the EU) in the
Low category of MAIL and 2 in the Very Low

idiosyncratic category. They are at high risk for
health and, in particular, for cardiovascular dis-
eases. The health policies of some (eight) of these
countries (Finland, Germany, Austria, Sweden,
Ireland, Denmark, United Kingdom and USA),
aware of the potential risk reported, have led the
MAL to a slight increase in over half a century.
However, these efforts are not sufficient to stem
the drift towards a relatively lower level in life
expectancy and higher in permanent disability,
not to mention the explosion of preventable but
expected public spending. Only other 4 countries
reported a MAI at the top level (Japan, Greece,
Romania, and Italy), and 3 at a Medium non-id-
iosyncratic level (Spain, Bulgaria, and Portugal),
but it was also evidenced that their MAI steadily
decreased from 1961 to 2013 (Alberti-Fidanza,
2004; Alberti-Fidanza and Fidanza, 2004).
Agro-food policy implications emerge, as
well. Eating habits of the countries examined
generally converge towards a higher intensity
of animal-protein and refined food than in the
past, typical of societies with mechanical men-
tality and industrial or post-modern lifestyle.
Thus, it is possible to foresee a settlement of
the agri-food production for these, especially,
unhealthy products. On the contrary, the recov-
ery trend of the MAI indicates the improvement
of sales perspectives for organic and functional
food productions. Trends in reducing the animal
protein’s incidence in the diet begin to develop,
as in veganism and as a consequence of animal
welfare education, but the mass of the popula-
tion is far from taking this course (Gori et al.,
2017). Much of this diet-involution can be traced
back to the ongoing globalization process which
involves food and life styles of the population,
not yet affected by trends towards the sensitivity
to a healthier one. Despite high-quality public
information can reduce idiosyncratic situations
(Kitagawa and Okuda, 2016, 487), it can take a
long time before the education comes to form in-
dividuals oriented in the aforementioned sense.
The economic crisis did not help the evolution
towards more advanced food systems, based on
consumer sovereignty and lifestyles that take
into account the agro-food cultural heritage, and
a more traditional management of the agro-food
chain (Chang, Iseppi and Droli, 2015). On the

83



NEW MEDIT N. 2/2019

contrary, the depletion of the less well-offed
bands of the population has led people back on
the junk food path. Final results suggest the set-
ting up and the launch of more effective healthy
food policies connected with a more consistent
food chain (Chang, Droli and Iseppi, 2014).
Detecting the turning points hidden in food
style trends can have a significant impact on
the possibility to apply the RBT framework as
well as for both NCDs’ prevention and agro-
food policies. Theoretically speaking, Godfrey
and Hill (1995) suggest as «theories concerned
with resources should be judged both on the ba-
sis of their correspondence to reality and, most
importantly, on their instrumental value as tools
for generating predictions about the behavior of
physical, natural and social systems» (Godfrey
and Hill, 1995, p. 520). The stabilization of the
eating patterns of most of the 22 countries has
been tested through the study of MAI trend/
countertrend before/after the turning-points and
may be useful for planning new healthy eating
habits. In particular, the MAI migration chart
(Figure 2) indicates the convergence of 14 out of
22 countries towards a food style with a Low or
Very Low Mediterranean characterization due to
idiosyncratic MAI levels. This performance in-
dicates the presence of a major obstacle, almost
an iceberg, to be removed in order to allow those
countries to achieve their NCDs reduction vol-
untary targets through targeted health policies.
Paradoxically, Japan should not follow, al-
though the index states otherwise, a Mediterra-
nean food pattern, but managed to maintain the
highest level of the MAI after its drop with the so
called “metabo” law (2008) which declared war
against obesity by measuring the country’s waist-
line (Nandini, 2011). Thus, Japanese food and
health policies have improved the effectiveness
of the diet as strategic resource and dropped the
obese rate of Japanese people by 1% since it start-
ed. Therefore, Japan has achieved the objective to
curb part of the excess fat from society, and that
example deserves to be studied for improving or
then stabilizing MAI levels also in the USA, in
the Mediterranean, and in other EU countries.
The above mentioned turning points may affect
the way in which country-based agrofood policy
targets are established and food import-export

targets are assessed. Once detected, idiosyncrat-
ic turning points mean a durable drop in demand
for organic and functional food supply, reducing
sales opportunities for healthier food suppliers
and an increasing need of both economic incen-
tives for them as well as the adoption of disin-
centives for unhealthier food suppliers.

Impacts of these turning points on NCDs pre-
vention initiatives exist, as well. For instance,
the duration of the predisposition to existing
healthy eating traditions influences the possi-
bility to maintain MAI levels stably high. Deci-
sion makers being aware of high or low degree
of stability of their healthy habits trends should
assess their public health policies by capturing
emerging opportunities or avoiding respectively
incoming threats.
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Appendix 1 — About the Excel solver to find a valid turning-point

Given a series of data, the method consists in evaluating at the same time two regressions lines
called left and right. For the left linear regressions, sequentially, the first two points of the series of
data are taken into account, the first three and so on until all the points are considered, the procedure
is repeated to the right, taking into account the last two points, the last three and so on. Let a and b
be the angular coefficients and the intercepts of these straight lines respectively. Also the quadratic
errors of the linear regressions are calculated and denoted with E. For simplicity the formulas of the
left interpolation are reported.

2
_ Dim1 Vi L1 Xi — D=1 Xi D=1 XiYi
n¥yxf — (B x)?

b= NYI XYV — Die1 Xi Die1 Vi
n¥, xf — (B, x)?

n
E=Y (ax;+b—y)?
i=1

Obviously the index n varies from 2 to the total number of data say T. To obtain the right regres-
sion lines the index i varies instead from T-1 to T for the first straight line, from T-2 to T for the
second and so on. The turning point will be identified by that index such that the sum of the errors of
the respective left and right regression lines is the minimum. For example, if the turning point is 20,
it means that the sum of the quadratic errors of the regression line obtained with the first 20 data and
that obtained with the last T-20 data is the smallest with respect to all the other cases.

In order to obtain at the same time all the angular coefficients, the intercepts and the quadratic
errors of both the left and right regressions, a series of left and right side matrices were built. They
record the values of X, xx, y and xy each time so that, the sums of the columns of these matrices are
the sums needed in the formulas above. The first left matrix, called P, is simply a superior triangular
matrix that has 1 above the diagonal and zero elsewhere; next to it the right matrix has as elements
1 minus the respective elements of the left matrix. The other matrices are obtained by the products
row by column of these two matrices with the vectors x, xx, y and xy, those on the left are denoted
by PX, PXX, PY and PXY respectively.

Let’s go into more detail about the solver’s sheet (see Annex no. 1). We leave some rows at the
top of the sheet that will report the final results. We start with three columns that are the initial
data: the years that in our case go from 1961 to 2013, for calculation convenience they are con-
verted, in the second column, into values X ranging from 1 to 53, 1 corresponds to 1961 and so
on; the third column contain XX, X squared; the fourth Y, contains the values of the MAI in the
various years. Next to these 4 columns are placed the superior triangular matrix 53x53 with 1
above the diagonal and zero elsewhere called P and next to this another matrix of the same dimen-
sion, having as elements 1-the values of the previous P matrix. The next PX matrix is obtained by
making the product row by column of the matrix P with the column X. Similarly, another matrix
is obtained by considering the XX column, called PXX. The same procedure is repeated with
the column Y of the values of the MAI, obtaining the matrix PY, and with the values X times
Y, obtaining PXY. In all the matrices, except the first one, a row is added given by the sum of
the respective columns. In the same way are built the right matrices. At this point, before con-
structing the last matrix that contains the quadratic errors, it is necessary to calculate the angular
coefficients and the intercepts of the regression lines. To do this 8 rows are built: the first, say N,
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contains the numbers from 1 to 53 and then from 52 to 0; in the second, third, fourth and fifth, are
reported the last rows of the various previous matrices PX, PXX, PY and PXY respectively that
are the sums needed in the formulas; the sixth row contains the vector of the denominators for
the computation of a and b: i.e. N times XX minus the square of X; the sixth row, except the first
element that is missed (it makes no sense the regression with a single point), contains the vector
A of the angular coefficients of the regression lines, left and right, whose elements are given, as
formula, by the products of the respective elements of the vectors N and XY minus X times Y,
the whole divided by D; the seventh row contains the vector B of the intercepts of the left and
right regression lines whose elements are given by the respective elements of Y times XX minus
X times XY, the whole divided by D. The last pair of matrices are those of the quadratic errors E
of the linear regression obtained, by the product of the matrix P with the square of the difference
between the elements of Y and the elements of A times X minus the elements of B. Obviously the
first element of the first row of the left matrix and the last two elements of the last row of the right
matrix remains empty since regression makes no sense.

Finally, at the top of the solver sheet, for the detection of the turning point, the angular co-
efficients and the intercept, al and bl respectively, of the left regression lines are reported for
convenience in distinct rows and similarly in the rows below, shifted one position to the left are
rewritten the angular coefficients and intercepts, a2 and b2 respectively, of the right regression
lines, all preceded by a row containing the numbers from 1 to 53. In the fifth row is reported the
quadratic error of the regression lines E1 and in the sixth row the total quadratic error Etot given
by the sum of the errors of regressions of left and right obtained as the sum of the two rows of
the latest matrices. The turning point is obtained as the value of x corresponding to the optimal
cut error, the minimal Etot. This position is given by the maximum of the elements of an addi-
tional row that contains all zero except that corresponding to the minimum. It is obtained with the
command if; i.e. if Etot is equal to the optimal cut error, we put the corresponding number of the
first row (which we remember represent the year) otherwise it is set zero. In correspondence with
the optimal cut position, the column highlighted in yellow shows the angular coefficients and the
intercepts of the left and right regression lines in correspondence of the turning point. In the row
highlighted in yellow are reported for convenience the quadratic error, the angular coefficient and
the intercept of the simple linear regression for the whole data series.
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