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Nowadays, the widespread belief among academics and policy makers 

is that composite indexes provide a good characterization of the 

multidimensional nature of societal progress (Stiglitz et al., 2010). 

Thus, recent years have seen a series of international initiatives to meet 

the demand for accurate social development indicators, incorporating 

more than purely economic perspectives.

Examples: Human Development Index, Happy Planet Index, etc

Most successful of all composite indexes: the Human Development 

Index (HDI) (Annand and Sen, 1994). 

Issues in European Union Regional Policy
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Problem with the HDI in Europe: not useful to analyze development

This failure was recognized by Anand and Sen (1994): 

“Yet once we take of the high and similar levels of achievement in basic 

capabilities, it becomes relevant to asses performance using more 

refined capabilities‘’.

This is primarily because GDP per head; literacy, enrollment and life 

expectancy are all high in Europe

Issues in European Union Regional Policy
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Dijkstra (2010) proposes new composite index based on Lisbon Strategy Goals, 

the RLI.

What is the RLI?

Original purpose: improve Lisbon Monitoring Platform /ESPON 3 indicators.

Specific purpose: serve as a measure of the achievement of objectives set out in 

the Lisbon Agenda or Lisbon Strategy.

LS goals trace an action and development plan for the EU regions, where the 

emphasis is laid on advancing towards a knowledge society

RLI does not include GDP per capita or GDP per person employed. Correlation 

with GDP is 0.45. New information that cannot be learned from GDP data: 

employment inclusiveness, education, R\&D.

Helps to perform an assessment of the LS and serves as a benchmark in KBE 

evolutions (EC, Central Bank). 

Issues in European Union Regional Policy
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Lisbon Strategy (LS)

The European Council, convened in Lisbon in March of 2000, 

announced its intention to:

“turn the European Union into the most competitive knowledge-based 

economy in the world'' (European Council, 2000)

LS goals trace an action and development plan for the EU regions. 

Emphasis is laid on advancing towards a knowledge society by 

developing three dimensions:

(i) labor market inclusiveness

(ii) education and 

(iii) research and development.

Issues in European Union Regional Policy
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Indicators

Issues in European Union Regional Policy
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Improvement, but failure

Issues in European Union Regional Policy
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Levels

Issues in European Union Regional Policy
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Dynamics

Issues in European Union Regional Policy
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GDP per capita 2000-2010

Issues in European Union Regional Policy
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Issues in European Union Regional Policy
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Nowadays the planning strategy is EU2020

Many RLI indicators remain as part of the agenda

Addded new targets linked to environmental issues and competitiveness

Heterogeneous country and regional targets

Reflects increasing awareness on the need of place-based policies (Barca 

et al., 2011)

A ‘place-based’ narrative has animated debate and shaped ideas about the 

policy’s rationale, governance model and relationship with the EU’s 2020 

development agenda.

Key idea: development intervention should increasingly focus on 

efficiency and social inclusion at the expense of an emphasis on 

territorial convergence and how strategies should consider economic, 

social, political, and institutional diversity in order to maximize both the 

local and the aggregate potential for economic development.

What works well in i may not work in j!!

Issues in European Union Regional Policy
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“Place-based” intervention has been argued by many relevant

geographers and policy-makers to be a flip/radical change in the

approach to carry out policy leaving outdated traditional economic

wisdom from Solow, Myrdal, Hirschman, Rostow, etc.

We have seen that there is an argument for multidimensional 

indicators…

… but growth remains key in all policy discussions. 

Why this?

Issues in European Union Regional Policy
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The importance of economic growth

3

Happiness Life-expectancy

StabilityAccess to Knowlege
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Growth drivers in the Neoclassical growth model

4

(1) Physical capital and investment

Global capital stock                                 Investment rates and growth
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(2) Human capital and investment in education

Years of schooling Education and income

Growth drivers in the Neoclassical growth model
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(3)  Technological progress

Diffusion and Acceleration of technological progress

Growth drivers in the Neoclassical growth model
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Production:   𝑌𝑡 = 𝐾𝑡
𝛼𝐻𝑡

𝛽
𝐴𝑡𝐿𝑡

1−𝛼−𝛽

where:

Technology:  𝐴𝑡 = 𝐴0(1 + 𝑔)𝑡

Labor (population):  𝐿𝑡 = 𝐿0(1 + 𝑛)𝑡

Physical capital: 𝐾𝑡+1 = 𝐾𝑡 + 𝐼𝑡
𝐾 − 𝛿𝑘𝐾𝑡

Human capital: 𝐻𝑡+1 = 𝐻𝑡 + 𝐼𝑡
𝐻 − 𝛿𝐻𝐻𝑡

Physical Investment: 𝐼𝑡
𝐾 ≡ 𝑠𝑘 𝑌𝑡

Human capital Investment: 𝐼𝑡
𝐻 ≡ 𝑠𝐻 𝑌𝑡

Consumption: 𝐶𝑡 ≡ 1 − (𝑠𝑘+ 𝑠𝐻) 𝑌𝑡

Parameter values:𝛼, 𝛽, 𝑠𝐻 , 𝛿𝐻, 𝛿𝑘 ∈ 0,1 and 𝑔, 𝑛 > 0

Initial values: 𝐾0, 𝐻0, 𝐿0, 𝐴0 > 0 

The Model
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Exogenous forces

Endogenous processes
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If Europe has  j=1, …, N economies:

For region j, the production function can be writen as:

𝑌𝑗𝑡 = 𝐾𝑗𝑡
𝛼 A𝑗tLjt

1−𝛼−β
𝐻𝑗𝑡
β

After some algebraic manipultations and using the equilibrium values of K and H the
evolution of per capita income of region j can be expressed as:

yjt = Ajt

sk,j

gj + δk + nj

α
1−α−β sh,j

gj + δh + nj

β
1−α−β

Taking logarithms:

lnyjt = lnAj0 + gt +
α

1−α−β
ln

sk,j

gj+δk+nj
+

β

1−α−β
ln

sh,j

gj+δh+nj

which is equivalent to:

lnyjt = lnAj0 + gt +
α

1−α−β
ln sk,j +

β

1−α−β
ln sh,j -

α+β

1−α−β
ln(nj + 0.05)

once we asume δk = δH and that 𝑔 + δ = 0.05. 

We can test the if the expected effects hold when looking at the data!!

The Model
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Issues with Neoclassical growth model
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Positive effect of investment/savings rate

Negative effect of population growth and 
effective depreciation

Positive effect of human capital investment

We can explain 60-75% of income per capita
differences based on these three drivers
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Key prediction of the model→ convergence. This is not in line with global 
data

Issues with the Neoclassical growth model
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but the prediction of regional convergence holds in European regions

(scatter is for period 2000-2008)

Issues with the Neoclassical growth model
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Application of neoclassical economic framework to guide development

policies too simplistic and can be reduced to:

“if you want more economic growth per capita either (i) invest more on

physical capital, human capital or (ii) reduce your population growth”

Corolary: to foster investment/savings create good institutional framework, 

etc…

But in line with a place-based philosophy we should question the 

homogeneity of the effects of the drivers of growth. 

Example: What if you do not need to invest more in a given capital because 

of increasing investment there has no returns? That is to say, what if running:

𝑔𝑦𝑖 = 𝛽0𝑖 + 𝛽1𝑖𝑙𝑛𝑌𝑖 + 𝛽2𝑖𝐼𝑖 + 𝛽3𝑖𝐻𝑖 + 𝛽3𝑖𝑛𝑖 + 휀𝑖

tells you 𝛽2𝑖 > 0 for some regions and 𝛽2𝑖 < 0 for some others? 

Should you always recommend increasing physical capital investment?

Issues with the Neoclassical growth model
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Recent evidence shows that investment returns might be dependent

on the quality of the government (i.e, low corruption)

Issues with the Neoclassical growth model
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Crescenzi et al (2016)

Issues with the Neoclassical growth model
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Rodriguez-Pose and Garcilazo (2015)

These two studies show that variation in a third factor “QOG”, changes the

effect of investing in infrastructure or that of the cohesion funds investment.

Therefore, in many circumstances we could have heterogeneous effects.

Issues with the Neoclassical growth model
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A key assumption on spatial modelling is whether or not the parameters are 

homogenous o heterogeneous (across space, time, etc)

If we are interested in accounting for potential spatial heterogeneity in parameters

we can use GWR (Fotheringham et al., 2002) as this modeling technique allows

local variation int he parameters.

GWR has been used primarily for exploratory data analysis, rather than hypothesis

testing

The basic form of the GW regression model if we have m explanatory variables:

𝑦𝑖 = 𝛽0𝑖 𝑢𝑖 , 𝑣𝑖 +

𝑘=1

𝑚

𝛽𝑖𝑘 𝑢𝑖 , 𝑣𝑖 𝑥𝑖𝑘 + 𝑒𝑖

Where 𝑦𝑖 is the dependent variable at location i, 𝑥𝑖𝑘 is the value of the regressor k at 

location i, 𝛽𝑖0 is the intercept parameter at location i, 𝛽𝑖𝑘 is the local regression 

coefficient for the kth independent variable at location i and 𝑒𝑖 is the random error 

term at location i. (𝑢𝑖 ,, 𝑣𝑖) denotes the coordinates of the i-th point in space

Geographically Weighted Regressions
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You can think about GWR as a “spatially moving window regression”

A region can be defined as the four cells around each regression point

The regression model is then calibrated on all data that lie within the region 

described around a regression point and the process is repeated for all regression 

points

Geographically Weighted Regressions
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Region 1

Region 2



Vicente Rios

In the spatial moving window example presented above:

a region was described around a regression point and all the data points 

within this region or window were then used to calibrate a model.

This process was repeated for all regression points

GWR works in the same way except that:

Each data point is weighted by its distance from the regression point 

Hence, data points closer to the regression point are weighted more heavily 

in the local regression than are data points farther away

For a given regression point, the weight of a data point is at a maximum 

when it shares the same location as the regression point. This weight 

decreases continuously as the distance between the two points increases

Geographically Weighted Regressions
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As data are geographically weighted, nearer observations have more 

influence in estimating the local set of regression coefficients than

observations farther away. 

The model measures the inherent relationships around each regression

point i, where each set of regressors is estimated by a weighted least squares

approach. The matrix expression for this estimation is:

𝛽𝑖 = (𝑋′𝑊 𝑢𝑖 , 𝑣𝑖 𝑋)
−1 𝑋′𝑊 𝑢𝑖 , 𝑣𝑖 y

Notice that in this modeling approach 𝛽𝑖 = [𝛽𝑖,0 𝛽𝑖,1 … , 𝛽𝑖,𝑚]′ is a 1 x k vector, 

so 𝛽 is a n x k matrix and 𝑊 𝑢𝑖 , 𝑣𝑖 is a diagonal n x n matrix denoting the

geographic observed data for regression point at location 𝑢𝑖 , 𝑣𝑖 . 

This W matrix is determined by some kernel function. 

Geographically Weighted Regressions
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Geographically Weighted Regressions
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Geographically Weighted Regressions

33

Different kernels for determining weights

“While the specific weighting function does not alter substantially the results the

bandwitdh “b” matters a lot” 

Goodness of fit metrics or selection procedures should be applied to be sure on the quality

of the results obtained
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Example of kernel function

Geographically Weighted Regressions
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Geographically Weighted Regressions
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The issue of fixed vs adaptative kernels

Fixed kernels in low-density data point areas give less weight to nearby

observations to what they should be attributing ideally

Fixed kernels in high-density data point areas give excessive weight to nearby

observations to what they should be attributing ideally

Geographically Weighted Regressions
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a

b
c

d
e

f

g

h i j

50

50

Fixed kernel: the influence of point

b on point a is equal to the impact

of h on g

Adaptative kernel: the influence of

b on a is higher than that of g on h 

as far as a has les information

surrounding it



Vicente Rios

The distance between points a and b is the same to that of g and h but a is in a low-

density area with very few data points to perform inference whereas g is a high-

density area

Let bw denote the bandwidth for notational convenience. For the previous example,

a fixed exponential kernel will attribute the following weights:

wa,b = e−
da,b
bw = e−

50

bw ↔ wh,g = e−
dh,g

bw = e−
50

bw

Ideally, we would like the weights to be dependent and distributed on the basis of the 

data availability.

Some approaches to generate spatially varying kernels:

1) Replace d in the numerator by the rank in the distribution of distances holding bw

fixed

2) Couple it with a kernel with a fixed common number of nearest neighbors

3) Couple a kernel with metrics of data density based on spheres of influence

Geographically Weighted Regressions
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Example of Ranks

For point a: 𝑑𝑎,𝑏 1 < 𝑑𝑎,𝑐 2 < 𝑑𝑎,𝑐 3 < 𝑑𝑎,𝑒 4 … < 𝑑𝑎,𝑗 9

For point h: 𝑑ℎ,𝑖 1 < 𝑑ℎ,𝑓 2 < 𝑑ℎ,𝑔 3 < 𝑑ℎ,𝑒 4 … < 𝑑ℎ,𝑎 9

wa,b = e−
da,b
bw = e−

1

bw > wh,g = e−
dh,g

bw = e−
3

bw

Geographically Weighted Regressions
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Hint (1): As the bandwidth has an effect on the results you should perform a 

model selection using some goodness of fit criteria (i.e, MSE, MAPE, etc)

Geographically Weighted Regressions
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Hint (2): Check if estimates differ substantially when using different

kernel weighting functions

Geographically Weighted Regressions
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Example: creative class income inequality effects on Spanish cities using

Gaussian and Exponential weights

Geographically Weighted Regressions
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Goals

Estimate the following GWR with the data of regional economic growth with, 

the logarithm of initial income per capita (𝑙𝑛𝑌𝑖), the share of physical capital 

investment in GDP (𝐼𝑖) the share of population with tertiary education and (H) 

and the population growth rate in the dataset GWR_data.mat

𝑔𝑌𝑖 = 𝛽0𝑖 𝑢𝑖 , 𝑣𝑖 + 𝛽𝑖1 𝑢𝑖 , 𝑣𝑖 𝑙𝑛𝑌𝑖 + 𝛽𝑖2 𝑢𝑖 , 𝑣𝑖 𝐼𝑖 +
𝛽𝑖3 𝑢𝑖 , 𝑣𝑖 𝐻𝑖 + 𝛽𝑖4 𝑢𝑖 , 𝑣𝑖 𝑃𝑂𝑃𝐺𝑖 + 𝑒𝑖

Use the function spatial_stationarity.m to analyze the significance of spatial

instability in the parameters

Plot the estimated parameters, also against latittude and longitude, and then

with respect both in one shot with a 3d scatter.

Compare the fit of the GWR with respect a traditional OLS regression

Check the robustness of the results using different kernels: Gaussian, 

exponential, etc

Practice GWR
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Switch to Matlab “Tutorial4_GWR_Growth.m”
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A first issue when using GWR is to check if the model describes the data 

significantly better than an ordinary linear regression model. As can be 

observed, in this example, GWR provides a better fit to the regional growth data 

than non-spatial analysis by looking at the R-squared

Practice GWR
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A second important issue in GWR is that of the stationarity of the

parameters. Does the set of parameters 𝛽𝑖𝑘 exhibit significant variation over 

the study region?

We find evidence of non-stationarity in (1) initial income,  (2) investment 

and (3) population growth effects. According to this, using a homogeneous 

parameter LRM would mask true “heterogeneous and place-specific 

effects”.

Practice GWR
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The effect of initial income

As observed the effect is negative which suggests convergence

Practice GWR
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The effect of initial income

Practice GWR
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In the Neoclassical growth model poorer economies grow faster since

they are far from their steady state (which produces convergence of

income)

Practice GWR
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𝑠෩𝑘𝑡
𝛼−1

𝛾 ෨𝑘𝑅 > 0

𝒌𝒕

𝜹 + 𝒏 + 𝒈

𝛾 ෨𝑘𝑡

𝒌𝒔𝒔

𝛾 ෨𝑘𝑃 > 0

𝒌𝑹𝒌𝑷



Vicente Rios

The effect of initial income

Practice GWR
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The effect of initial income

Eastern European regions from Bulgary, Romania, Czech Republic, Hungary and 

other peripheric economies from Greece experienced a fast convergence rate (i.e, a 

strong negative effect of income and subsequent growth)

Spain, Portuguese and Polish regions also converged towards their steady state but

more slowly than Eastern ones. 

Other regions from countries such as Sweden or Finland also experienced a medium

convergence process (given their high initial levels of income, should we question the

uniqueness of the SS?)

Divergence dynamics are observed in Eeast Germany, France or Uk, but they’re not

statistically significant. It is difficult to say if initial income has played a role in this set 

of regions. 

In Italy, significant divergence dynamics are observed for most of their regions. 

Income levels correlate positively with subsequent growth rates.

Practice GWR
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The effect of physical capital investment

Practice GWR
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The effect of physical capital investment

Practice GWR
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In the Neoclassical growth an increase in the investment rate accelerates

growth in the transition towards the steady state and increases the steady

state

Practice GWR
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𝑠෩𝑘𝑡
𝛼−1

𝛾 ෨𝑘𝑡 > 0

𝒌𝒕

𝜹 + 𝒏 + 𝒈

𝛾 ෨𝑘𝑡

𝒌𝒔𝒔 𝒌𝒔𝒔′

𝒔′ > 𝒔

𝑠෩𝑘𝑡
𝛼−1

𝒌𝒕

𝑠′෩𝑘𝑡
𝛼−1

𝜹 + 𝒏 + 𝒈
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The effect of physical capital investment

Practice GWR
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The effect of physical capital investment

For most of the European regions the observed positive effects are in line 

with theory predictions

In Eastern European regions from Poland, Czech Republic, Bulgary, Romania 

very strong positive effects which suggests that physical capital accumulation

is a relevant driver of growth

High heterogeneity in Greece (as effects range from - to +)

In the west of Spain and Portugal (less developed regions) investment also

exerts a positive effect on growth

In Italy, Germany, Netherlands, Austria or Ireland physical capital investment

does not seem to be contributing to economic growth (not significant)

Small negative but significant effects of physical capital investment in 

northern Economies are counter-intuitive with theoretical predictions

Practice GWR
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The effect of education (human capital)

Practice GWR
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The effect of education (human capital)

Practice GWR
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The effect of human capital

Practice GWR
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The effect of human capital

Stronger positive effects are observed in less developed regions in the South 

of Italy, north-west of Spain, South of France, Hungary and even in Austria

Negative growth returns to human capital in Greece and Finland (not

significant in all regions)

North-east of France, South of UK and South of Germany also experience

negative returns to education investment. 

The strong positive effects of human capital accumulation in Eastern regions

are not significant. Perhaps there is too much variability in the ability to

absorbe knowledge. 

Complicated picture for policy-makers regarding the effect of education!

Practice GWR
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The effect of population growth

Practice GWR
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The effect of population growth

Practice GWR
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Practice GWR
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The effect of population growth
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Population growth effects

Italy, Sweden and the South of Spain behave as Neoclassical economies as 

population growth rates decrease per capita income

Not the same story for Germany, France or Eastern European regions where

population growth increases income per capita growth. This suggests some short 

of increasing returns/or agglomeration process that feedbacks positively

Practice GWR
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As observed GWR produces heterogeneous parameters linked to specific

locations

This might be useful for policy-making purposes but a causal 

interpretation on the why there exists such variability is lacking

One explanation is that we are missing factors so the variation at some point reflects the 

omission of variables that are geographically correlated

If this is a concern, increase the number of X, randomize X and try different

combinations

A possible direction that has not been taken so far in empirical analysis is

to explain the variability of the estimated parameters with regressions on

third factors, kernels, etc. 

GWR analysis should be a descriptive 1st step that needs a causal “add

in” for meaningful analysis. Otherwise interpretation becomes too

speculative

Practice GWR
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GWR estimates of growth-investment effects decrease with the QOG 

(similar to the Cohesion Funds investments result of Pose-Garzilazo (2015) 

paper).  Are they substitutes? It looks like once regions arrive to a QOG of 

0.75-0.8 additional physical capital investment does not increase growth 

anymore…

Practice GWR
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