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Two studies: Macro and Micro 
• Collaboration between LM Ericsson, Arthur D. Little and 

Chalmers University of Technology 
• Macro study released in 2011 – scientific publication: 

Rohman, I.K., and Bohlin.E. (2012). Does broadband 
speed really matter as a driver of economic growth? 
Investigating OECD countries. Int. J. of Management and 
Network Economics, 2(4), 336-356 

• Micro study released in 2013 – scientific paper: 
Rohman, I.K., and Bohlin.E. (2013). Impact of broadband 
speed on household income: Comparing OECD and BRIC, 
paper to be presented at 41st Annual TPRC, Washington 
D.C, Sept 27-29, 2013 
 
 



The GDP study: Press clips 



What speed should be measured? 



Significant variation in measuring achieved speed 



Descriptive statistics : correlation between speed and GDP per 
capita 
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(1) Level (correlation = 0.158) (2) Growth rate-in the log forms  (correlation = 0.368) 

The relationship between GDP per capita and broadband speed is more visible in the log forms 
(growth) in the right hand figure, with higher correlation between two variables. 

R=15,8% 

R=36,8% 



Description of the model 

Model for estimating GDP effect of broadband speed upgrades 

Model type Static panel data regression 

Source of framework Lehr et. al. (2005), Koutrompis (2005), Shiu and Lam (2008)  

Empirical framework Two stage fixed effect panel data  

Number of observations 33 OECD countries 

Time series 3 years (12 quarters) 

Dependent variable  GDP/capita (OECD) 

Independent variables  Quarterly data on average achieved broadband downlink speed (Ookla) 

Control variables (independent)  Fixed broadband penetration rate  
 Average broadband subscription price (USD PPP) 
 Graduates from upper secondary education or higher 
 Telecommunication revenue in millions of US dollars (PPP) 
 Population density 

4 Estimating the GDP effect of broadband speed upgrades – Main models 



  

 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 𝐺𝐺𝐺𝐺𝐺𝐺𝑖 𝑏𝑏𝑏𝑏� = 𝛼0 + 𝛼1𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑔𝑔𝑔𝑔𝑔ℎ𝑖+𝛼2 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑖𝑡 + 
𝛼𝑗  𝑜𝑜ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑡 

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑖𝑖 = 𝛼0+𝛼1 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑖𝑡 +𝛼2 𝑝𝑝𝑝𝑝𝑝𝑖𝑡 + 𝛼3 𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖+ 𝛼4 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖
+ 𝛼5 𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖 
 

Demand side Supply side 

The impact of speed to GDP 
(model adopted from Lehr, 2005) 

• Both equations are in the log forms, the coefficient reflects the elasticity. 
– Control variables in equation 1 –broadband speed equation- (broadband penetration rate, broadband 

subscription price, urban density, proportion of urban population, and telecom revenue) 
– Control variables in equation 2 –main equation-(urban density, proportion of urban population, labor force, 

proportion of tertiary education, population), 

 



Results 



Interpretation of macro results (1) 
• The estimated coefficient is the squared average achieved downlink speed, 

with the value of 0,0014 
– The result is highly significant (p<0.01) and the model is robust to changes in control 

variables.  
– Hausman test confirms the fixed effects regression as the best model (in comparison to the 

random effect) 
– Durbin-Wu-Hausman (DWH) test confirms the successful isolation of the independent 

impact from speed to GDP (not influenced by reversed causality), hence no endogeneity in 
the result on most levels of significance.  

• The coefficient can be translated into an elasticity measurement, with 
elasticity values evaluated at the sample mean.  
Such an elasticity measurement is on the form: 
 2*coefficient=2*0.00142%=0.00284%  
≈0,003% additional GDP mean growth from base year (2008)  
by 1% higher mean speed 
(the result is significant at log x square and derived accordingly) 



Interpretation of macro results (2) 

• The size of the coefficient is more readily understood in the context of a 
doubling of the average speed, i.e. an increase by 100% 

• The sample mean is 8.3 mbps, hence 16.6 mbps for 100% increase  
• If the speed level is doubled, the impact to GDP growth is  

100*0.003= 0.3% (relative to the growth in 2008) 
• As an example, if the overall economic growth in 2008 is 2%, then the 

hypothetical isolated impact from doubling the speed level on growth 
would be: 2%+0,3%=2.3%.   

• The hypothetical impact will depend on: 
– The size of beta (coefficient of speed) 
– The existing economic growth in each country 
– As the impact is modeled as linear, it needs to be judiciously applied when a 

hypothetical country growth is far away from sample means  

• The hypothetical impact is based on an elasticity measurement and any 
forward-looking simulation should be applied with care 
 



The household study 



Method 
Treatment effect 

• In many areas there are interests to investigate the effect of 
treatment/cause in a model called treatment effect.  
– Drug  illness 
– Educational program academic achievement 
– Economic policy  GDP 

• Once the effect is found, policy makers can adjust and intervene 
the treatment to obtain a desired level of response. 
 
 
 



Starting point 

What might influence the level of personal/ 
household income ? 

 
 

• Gender 
• Ages 
• Education 
• Geographical location 
• Type of occupation 

 
 

• Number of households 
member 

• Skills 
• Prior assets ownership 

 
 
 



Propensity Score matching 
The method controls for the possible factors that 
contribute to income (age, sex/gender, education, 
household size, skills, type of occupation, etc) 

 
 

age, sex/gender, 
education, 

household size, 
skills, type of 
occupation 

The only difference between the two samples is  (i) the access to the 
broadband , for access impact, and (ii) the different level of 
broadband speed, for speed impact assessment. 

 
 

age, sex/gender, 
education, 

household size, 
skills, type of 
occupation 

Access to broadband 
Different speed levels 



Access and speed investigation 
Comparing 
impact of 
different 

speed levels 

The impact 
of access to 
income level 

Samples 

Connected to 
broadband 

512 kbps 

4 Mbps 

24 Mbps 

50 and up 
Mbps 

Unconnected 
to broadband 

Propensity score matching 
between connected and 

unconnected households to 
broadband 

Propensity score 
matching between 
speed level except 
for the lowest one 
which is compared 

to unconnected 
respondents 

(similar to access) 



Framework of the model 

Probit model on 
access and speed 

Calculating 
propensity score  

Comparing the 
”matched” 
individuals 

Finding the impact 



Results : Access 

Interpretation 
 

  

• In OECD countries, gaining access to 
0.5 Mbps would not be expected to 
yield an increased income. It seems 
for OECD, the threshold is 
somewhere between 2 Mbps and 4 
Mbps.  

• For BRIC countries, on the contrary, 
the threshold level is already visible 
at  0.5 Mbps.  

– Around 800 USD additional annual 
household income is expected to be 
gained by introducing 0.5 Mbps 
broadband connection in BRIC 
countries which is equivalent to 70 
USD per month per household.  



Results : Speed 
Interpretation 

 
  

• The speed upgrades giving 
the highest benefit to 
income in BRIC and OECD 
are the same (0.5 to 4 Mbps) 

– A higher speed levels (8 to 24) 
contributes more in OECD than in 
BRIC.  

– The incremental income generated 
in OECD country is around 4% (with 
average income in this class 37000 
USD)  

– However, BRIC countries can obtain 
higher impact by upgrading the 
speed only from 0.5 to 4 Mbps. At 
this scale, the countries will gain an 
additional household income of 
2.2% for China and 4.7% for Brazil 

Estimated increase on household income from 
speed upgrades 
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Conclusions of the household study 
• In OECD countries, gaining access to 0.5 Mbps would not be expected to 

yield an increased income. It seems for OECD, the threshold is somewhere 
between 2 Mbps and 4 Mbps.  
– For BRIC countries, on the contrary, the threshold level is already 

visible at  0.5 Mbps.  
• The impact of broadband speed to households income 

– Is not linear between countries and regions 
– There are moving targets concerning the best speed level giving an 

impact to incomes: 
• In the OECD, the unconnected users will only benefit from 

broadband if the speed level is at least 2Mbps whilst in BRIC 0.5 
Mbps would give additional benefit 

• Concerning the speed upgrade, both countries have similarities  
for having a greater impact moving from 4-8 Mbps. However, 
OECD will benefit more as speed increases up to 24 Mbps. 



Annex: Descriptive analysis and 
variables of interest 



Broadband speed: various way to measure 



Broadband speed: various source of data to collect 
from 



Method 
Treatment effect 

Example: 
• Investigating the impact of drug (a treatment variable) on blood pressure 

(a response variable) by comparing two people  
– with treatment (drug) 
– without treatment. 

• If two people are exactly the same other than the treatment status; then 
the difference in their blood pressure can be inferred as the impact of 
drug treatment.   

• However, if they are different in many ways, the different in blood 
pressure might be as the results of many aspects (other than the drug 
treatment). 

• Hence, the treatment effect is “comparing comparable people” where 
comparable means “homogenous on average” (Lee, 2010) 
 
 
 



Method 
Treatment effect and Propensity Score Matching (PSM) 

• If the treatment group (T) and control group (C) are hugely different in many 
observed variables (X), e.g., socio demographic aspects (ages, gender, education, 
geographical area, etc.), the difference in outcome (y) cannot be associated with 
the difference in treatment.  

• The solution is possible only by comparing the member of C and T with similar in 
X. To facilitate such comparisons, an index with a single value is constructed, so-
called propensity matching estimators. 
– Matching by the propensity score can be done by selecting two individuals 

with the same propensity score, where the first individual receives 
treatment and the second does not. The level of propensity score p(x) is 
obtained by a random model (probit).  

– Ignorability of treatment hold! 

 
 



Previous studies 

• Beard, Ford, Saba, and Seals (2012) estimate the effect of Internet use on job 
search. The study indicate broadband use at home or at public locations reduces 
the probability that the unemployed cease job search by over 50% relative to 
unemployed persons who do not use the Internet at all.  

– As policy implication even public connections (e.g., at libraries) in unserved and underserved areas 
may produce substantial social benefits. 

• Grimes, Ren, and Stevens (2012) investigates the role of broadband for 
increasing productivity level in large micro-survey of firms. Employing propensity 
score matching to control for factors, the study indicates that broadband 
adoption boosts firm productivity by 7-10%; effects are consistent across urban 
versus rural locations and across high versus low knowledge intensive sectors.  

 
 



Operationalization 

First Step 
• Probit models:  

(i) on access to broadband 
(impact from access);  
(ii) subscription to a particular 
speed level (impact from speed 
upgrades) 

• The dependent variables:  
(i) Access (Yes) (No)  
(ii) Subscription to particular 
speed level  (e.g. 4 Mbps) 
compared with the lower one 
(e.g. 2 Mbps) 

 



Operationalization 

Second Step 
• Based on the probit model, the 

propensity score is constructed. 
• The income is then compared 

between matched individuals 
• The comparison excludes the 

outliers, i.e. only those in the 
category “common support” in 
which the propensity score is 
comparable 

 

• Comparison without matching 
 

• Comparison with matching 
 

• Number of individuals being 
compared 

 



Countries investigated 

Country 
Number of  
respondents 

Percent of  
total sample 

UK 2,001 8,98 
France 2,026 9,10 

Germany 2,019 9,06 
Italy 2,040 9,16 

Spain 2,026 9,10 
Sweden 2,003 8,99 

China-urban 1,014 4,55 
Japan  2,046 9,19 
Brazil 1,018 4,57 

US 2,013 9,04 
India 1,000 4,49 

Russia 1,058 4,75 
Mexico 1,007 4,52 

South Africa 1,003 4,50 
  

Total 22,274 100,00 



Education and gender 



Occupation, age and size of HH 



Demographic Characteristics of Respondents in 
Percentage 
Gender 
  Male 53.5 
  Female 46.5 
Marital Status 
  Single 35.0 
  Married 44.3 
  Living together with partner/ Significant other 14.1 
  Separated or divorced 5.6 
  Widowed 1.0 
Age 
  15 to 19 years 7.8 
  20 to 24 years 13.7 
  25 to 29 years 12.0 
  30 to 34 years 12.0 
  35 to 39 years 12.5 
  40 to 44 years 10.5 
  45 to 49 years 9.9 
  50 to 54 years 7.7 
  55 to 59 years 7.1 
  60 years and over 6.9 

Demographic Characteristics of Respondents in 
Percentage 
Education 
  Primary or less 5.8 
  Some high school 85.8 
  Some college/university 8.1 
Occupation 
  Self-employed 10.0 
  Full-time employee 47.4 
  Part-time employee 9.5 
  Temporarily/seasonally employed 1.1 
  Full-time homemaker 5.7 
  Full-time student 12.1 
  Unemployed 6.4 
  Retired 6.1 
  Other 1.6 
Household Size 
  One 12.1 
  Two 25.8 
  Three 24.4 
  Four 23.8 
  Five 9.5 
  Six or more 4.4 

Demographic Characteristics 



Internet Access of Respondents in Percentage 

Type of Internet Access 

  Broadband 95.1 

  Dial-up 30.6 

Broadband Speed 

  Up to 256 Kbit/s 4.3 

  Up to 512 Kbit/s 7.0 

  Up to 1024 Kbit/s 6.9 

  Up to 2 Mbit/s 10.3 

  Up to 4 Mbit/s 7.6 

  Up to 8 Mbit/s 13.7 

  Up to 12 Mbit/s 6.3 

  Up to 24 Mbit/s 5.1 

  Up to 50 Mbit/s 2.0 

  50 Mbit/s or higher 6.6 

Internet Access 
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Generally 
• The annual income  is 

different very considerably 
between OECD and BRIC 
countries 
 

• A higher speed level might 
be associated  with the 
annual household income 
 

• A more advanced internet 
connection corresponds to 
a higher income (dial-up 
vs. broadband. 



UK
France

Germany

Italy
Spain

Sweden

China

Japan

Brazil

US

India Russia
Mexico

South Africa

0
20

00
0

40
00

0
60

00
0

80
00

0
H

ou
se

ho
ld

s 
in

co
m

e 
(U

S
D

 P
P

P
)

0 10000 20000 30000 40000
Broadband speed (kbps)

0
50

00
0

10
00

00
15

00
00

0 10000 20000 30000 40000
Speed

95% CI Fitted values
Incomeppp

Correlation: Income and speed 



UKFrance GermanyItalySpain

Sweden

China

Japan

Brazil

US

India

Russia

Mexico

South Africa

6
8

10
12

lin
co

m
e

8 8.5 9 9.5 10 10.5
lspeed

6
8

10
12

14

8 8.5 9 9.5 10 10.5
lspeed

95% CI Fitted values
lincome

Correlation: Growth and speed (log levels) 

The figure indicates that “a higher speed level contributed 
to a higher income level” is a possible hypothesis to be 
tested with a more formal econometric techniques.   
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