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Introduction Empirical Design Findings Mechanism and Discussion

What is mobile coverage?

• 2G (GSM) mobile coverage is the first technology that allows SMS and calls

from mobile phones

Rolled out in Finland in 1991 for the first time, phased out in mid-2010 ! Later in

developing countries Internet Arrival by income
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Introduction Empirical Design Findings Mechanism and Discussion

Motivation

In the early 2000s, millions of people were connected to a mobile network for the �rst time, often

before they had access to �xed-line or internet access.

• By 2010, most developing countries were covered by 2G, despite limited fixed-line

infrastructure.

• This was the first widespread connection technology- enabling calls and SMS, but not

reliable data or broadband.

• It fundamentally changed how people accessed information and markets, yet we know

little about its economic consequences.

Literature Gap
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Introduction Empirical Design Findings Mechanism and Discussion

This Paper in a Nutshell

RQ: How does the roll-out of 2G mobile network availability, representing the first real

time communication infrastructure, affect labor markets in developing countries?

Approach:

• Combine regional labor outcomes (IPUMS) with 2G coverage (GSMA-Collins

Bartholomew) and lightning intensity from NASA as an instrument. Data

• Two-wave long-difference specification with region and continent-wave fixed effects.

Main Results:

• +50 pp coverage ! LFP and employment " � 1=3 of baseline.

• Shift from self-employment ! wage and apprenticeship jobs.

• Agriculture absorbs most new jobs; services are stable.

• Education and Wage work rise, especially in tradable regions.
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Introduction Empirical Design Findings Mechanism and Discussion

Which Countries?

2040 regions in 13 countries, observed in 2 IPUMS census waves (1990-2014)

ˆ Africa: Benin, Egypt, Guinea, Mozambique, Uganda
ˆ Asia: Bangladesh, Cambodia, Malaysia
ˆ Americas:Chile, Colombia, El Salvador, Paraguay, Venezuela
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Introduction Empirical Design Findings Mechanism and Discussion

When?

Timing: Second IPUMS wave after 2G and before 3G di�usion.Guinea Exception Adoption
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Introduction Empirical Design Findings Mechanism and Discussion

Method: Long-di�erence 2WFE + IV

First stage:

2Grc(r )w = � 1 Strikesrc(r )w + � 2Rainr � wavew + Xrw + � r + � c(r )w + � rc(r )w :

Second stage (2SLS):

Yrc(r )w = � 1
c2Grc(r )w + � 2Rainr � wavew + Xrw + � r + � c(r )w + " rc(r )w :

ˆ Identi�cation from regional change in coverage across waves, net of continent-wave
shocks.

ˆ Lightning Strikes reduce coverage rollout) exogenous source of variation.

ˆ OLS � 0; reduced form: lightning# outcomes) supports IV validity.

ˆ SEs two-way clustered: region and country-year.

4 Main outcomes: LFP, Employment, Sector, and Employment Type.First Stage

FS Robustness
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Introduction Empirical Design Findings Mechanism and Discussion

Findings - LFP and Employment

LFP Emp % Emp % Active Sample
(1) (2) (3)

Mobile Coverage 0.389** 0.381** 0.053
(0.132) (0.131) (0.058)

# Obs. 4080 4080 4080
# Countries 13 13 13
Region FE Yes Yes Yes
Continent x Wave FE Yes Yes Yes
Controls Yes Yes Yes
Mean Dep. Var. 0.61 0.59 0.94
Wald F-stat 10.43 10.43 10.43

Notes: 2SLS estimates; doubly clustered

(region, country) SEs in parentheses. * p< 0.10, ** p < 0.05, *** p < 0.01.

ˆ Per +50pp 2G coverageLFP & Employment " by � one-third of baseline; margins re
ect new entrants.

Reduced Form OLS

7/13



Introduction Empirical Design Findings Mechanism and Discussion

Findings - Sectors and Employment Types

ˆ Higher 2G coverage shifts employmenttoward agriculture and formal work
ˆ Rise inunpaid apprenticeships and limited change in manufacturing or services.

Agri Manuf Serv Self-Empl. Wage Work Unpaid
(1) (2) (3) (4) (5) (6)

Mobile Coverage 0.246* 0.012 0.164 0.001 0.136*** 0.173*
(0.106) (0.021) (0.108) (0.081) (0.031) (0.064)

Mean Dep. Var. 0.23 0.08 0.20 0.24 0.25 0.09
Obs. 2,988 2,988 2,988 3,794 3,794 3,794
Countries 9 9 9 12 12 12
Region FE Yes Yes Yes Yes Yes Yes
Cont. � Wave FE Yes Yes Yes Yes Yes Yes
Rain Control Yes Yes Yes Yes Yes Yes
Wald F-stat 8.12 8.12 8.12 16.0 16.0 16.0

Notes: 2SLS estimates; doubly clustered (region, country) SEs in parentheses. * p< 0.10, ** p < 0.05, ***
p< 0.01.

Within Sectors
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Introduction Empirical Design Findings Mechanism and Discussion

Heterogeneity - Gender

ˆ Sample: 8160 gender-region-wave cells as unit of observation

LFP (1) Emp (2) Agri (3) Manuf (4) Serv (5) Unpaid (6) Self Emp (7) Wage (8)

Mobile Coverage 0.019 0.002 -0.411+ -0.037 0.024 0.377* -0.226 -0.080
(0.264) (0.266) (0.199) (0.033) (0.141) (0.168) (0.140) (0.101)

Mobile Coverage x Female 0.208 0.221 0.411** 0.041 [draw,circle]0.105** -0.135 0.129 [draw,circle]0.161*
(0.142) (0.141) (0.108) (0.030) (0.029) (0.088) (0.109) (0.061)

# Obs. 8160 8160 7234 7234 7234 7588 7588 7588
# Countries 13 13 9 9 9 12 12 12
Region FE� Female Yes Yes Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes Yes Yes Yes
Rain Control Yes Yes Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.62 0.59 0.29 0.07 0.18 0.10 0.26 0.24
F-stat (2G) 4.37 4.37 3.76 3.76 3.76 5.51 5.51 5.51
F-stat (2G � Female) 85.78 85.78 47.05 47.05 47.05 89.98 89.98 89.98

ˆ Women: starting at a lower baseline LFP, experience larger gains in Agriculture,
Services, and Wage work

ˆ Stronger impact coming from new labor market entries and movements toward
formal work.

Age Heterogeneity
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Introduction Empirical Design Findings Mechanism and Discussion

Heterogeneity - Education

ˆ Estimate on a region-literacy-wave sample of 8142 units.

ˆ Employment gains, in wage work and services, are more pronounced for literate
individuals

LFP (1) Emp (2) Agri (3) Manuf (4) Serv (5) Unpaid Work (6) Self Emp (7) Wage Work (8)

Mobile Coverage 0.285 0.441* 0.073 0.049 0.514* 0.013 -0.067 0.450**
(0.169) (0.160) (0.067) (0.030) (0.203) (0.048) (0.099) (0.123)

Mobile Coverage� Literacy -0.013 -0.104 0.131* -0.025** -0.292* 0.128 0.041 -0.279+
(0.070) (0.070) (0.049) (0.009) (0.113) (0.080) (0.025) (0.138)

# 8142 8142 7217 7217 7217 7572 7571 7571
# Countries 13 13 13 13 13 13 13 13
Region FE No No No No No No No No
Continent � Wave FE Yes Yes Yes Yes Yes Yes Yes Yes
Rain Control Yes Yes Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.62 0.59 0.26 0.07 0.21 0.08 0.23 0.28
F-stat 3.97 3.97 3.66 3.66 3.66 5.51 5.54 5.54
F-stat (2G � Literacy) 49.35 49.35 29.70 29.70 29.70 50.99 50.88 50.88

ˆ Edu as outcome:# primary-only;" secondary completion. Education as an Outcome
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Introduction Empirical Design Findings Mechanism and Discussion

Mechanisms - Trade Orientation

ˆ Tradable-intensive regions: stronger" in wage employment.

Emp (1) LFP (2) Wage Work (3) Unpaid Work (4) Self Emp (5)

Mobile Coverage 0.303 0.336 0.204* 0.038 0.070
(0.186) (0.197) (0.074) (0.034) (0.138)

Mobile Coverage� Share Trade 0.110+ 0.127+ 0.089** 0.023 0.007
(0.063) (0.069) (0.025) (0.016) (0.039)

# Obs. 3274 3274 2988 2988 2988
# Countries 12 12 9 9 9
Mean dep. var 0.57 0.61 0.25 0.09 0.24
Wald F-stat 28.82 28.82 33.87 33.87 33.87
Region FE Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes

Trade Orientation Summary Trade Orientation First Stage 11/13



Introduction Empirical Design Findings Mechanism and Discussion

Discussion & Robustness

ˆ Connectivity �rst : 2G availability shifted LFP/Emp andformalized margins
(wage + apprenticeships).

ˆ Sectoral reallocation : persistent agri absorption; services modest; manuf limited.
Detailed Employment Codes

ˆ Robustness: placebo (pre), alternative FE/controls, strong instrument
(KP/Olea{P
ueger F > 10). Placebo Alternative Speci�cations Control Functions Employment

Control Functions Sectors
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Introduction Empirical Design Findings Mechanism and Discussion

Conclusion

ˆ Mobile connectivity (2G network availability) substantially increasedlabor
participation and overallemployment shares.

ˆ E�ects are driven by a shift towardwage work and unpaid apprenticeships,
with stable self-employment.

ˆ Women experience larger gains in participation and formal employment.

ˆ Expanding basic network availability remains a high-return inclusion policy.
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Data

ˆ IPUMS International - regional shares: LFP, Employment; Sectors
(Agri/Manuf/Services); Types (Wage/Self/Unpaid); Education. Outcomes Summary

ˆ 2G coverage (availability) - GSMA{Collins Bartholomew maps,
population-weighted to admin-2 using NASA SEDAC grid.2G in African Countries

ˆ IV (Lightning) - NASA GHRC population-weighted long-run lightning frequency
(time-invariant) interacted with wave dummies. Instrument Variation

ˆ PRIO-GRID & baseline rain - geo-controls (0.5° grid) and 1990 rainfall
interacted with wave dummies.
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Literature

ˆ Labor market e�ect of 3G adoption : (Bahia et al., 2021, 2024; Caldarola et al.,
2022; Chiplunkar & Goldberg, 2022; Hjort & Tian, 2025; Muto & Yamano, 2009)

ˆ Non digital connection infrastructure in developing countries : Transportation
(Banerjee et al., 2020; Jedwab et al., 2017; Storeygard, 2016)
and Electricity (Lee et al., 2020; Moneke, 2020; Rud, 2012)

ˆ Single country studies on 2G: (Aker & Mbiti, 2010; Jensen, 2007).

�! Gap:

non internet technological infrastructure global causal evidence on labor markets in
developing countries.
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Robustness { LFP and Employment (2SLS)

Labor Force Participation Employment

(1) FE variant (2) Rain var. (3) Demo var. (4) Geo. add. (5) FE variant (6) Rain var. (7) Demo var. (8) Geo. add.

2G Coverage 0.240 0.368� 0.389�� 0.395� 0.250+ 0.381� 0.380�� 0.382�

(0.153) (0.156) (0.132) (0.143) (0.136) (0.156) (0.132) (0.140)

Observations 4080 4080 4080 4080 4080 4080 4080 4080
Countries 13 13 13 13 13 13 13 13
Region FE Yes Yes Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes No Yes Yes Yes No Yes
Wave FE No No Yes No No No Yes No
Rain Controls No Yes Yes Yes No Yes Yes Yes
Mean Outcome 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Wald F-stat 5.40 5.81 10.08 9.16 5.40 5.81 10.08 9.16

Go Back



OLS Baseline

Manuf (1) Agri (2) Serv (3) Self Emp (4) Wage Emp (5) Unpaid Emp (6)

Mobile Coverage -0.016 0.001 0.014 -0.040 -0.002 0.034*
(0.016) (0.027) (0.016) (0.039) (0.030) (0.015)

R2 0.879 0.937 0.920 0.889 0.968 0.930
# Obs. 2988 2988 2988 3794 3794 3794
# Countries 12 12 12 12 12 12
Region FE Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.15 0.43 0.42 0.39 0.49 0.12
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Education as an Outcome

Less than Primary (1) Primary (2) Secondary (3) University (4)

Mobile Coverage -0.042 -0.151* 0.140** 0.003
(0.071) (0.055) (0.047) (0.031)

# Obs. 4080 4080 4080 4080
# Countries 13 13 13 13
Region FE Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes
Rain Control Yes Yes Yes Yes
Mean Dep. Var. 0.54 0.30 0.13 0.02
Wald F-stat 10.43 10.43 10.43 10.43

Go back



Age Heterogeneity

LFP (1) Emp (2) Agri (3) Manuf (4) Serv (5) Unpaid (6) Self (7) Wage (8)

Mobile Coverage 0.283* 0.267* 0.184* 0.002 0.109 0.098+ 0.012 0.117*
(0.121) (0.126) (0.067) (0.021) (0.089) (0.050) (0.081) (0.044)

Mobile Coverage� Older 0.061** 0.082** -0.026 0.002 0.029 0.045 -0.037 0.048
(0.022) (0.027) (0.021) (0.006) (0.018) (0.038) (0.023) (0.037)

# Obs. 8160 8160 7234 7234 7234 7588 7588 7588
# Countries 13 13 13 13 13 13 13 13
Region� Older FE No No No No No No No No
Continent � Wave FE Yes Yes Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.60 0.56 0.28 0.07 0.16 0.11 0.21 0.23
F-stat (2G) 6.15 6.15 4.83 4.83 4.83 16.25 16.25 16.25
F-stat (2G � Older) 80.79 80.79 60.48 60.48 60.48 104.24 104.24 104.24
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Control Functions - Employment

Self-emp Wage work Unpaid work Other emp

Mobile Coverage -0.069*** 0.153*** 0.164*** -0.003*
(0.020) (0.013) (0.016) (0.001)

Residuals FS 0.060** -0.152*** -0.140*** 0.003**
(0.020) (0.013) (0.015) (0.001)

Rain -0.653* 0.618* 0.661*** -0.022+
(0.261) (0.299) (0.199) (0.012)

# Obs. 3674 3674 3674 3674
# Countries 12 12 12 12
Region FE Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes
R2 0.922 0.963 0.917 0.878
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Control Functions - Sectors

Agri Manuf Serv

Mobile Coverage 0.155*** 0.016+ -0.013
(0.020) (0.010) (0.021)

Residual FS -0.158*** -0.024* 0.018
(0.021) (0.011) (0.022)

Rain 1.282*** 0.016 -0.988*
(0.310) (0.103) (0.448)

# Obs. 3274 3274 3274
# Countries 10 10 10
Region FE Yes Yes Yes
Continent � Wave FE Yes Yes Yes
R2 0.968 0.896 0.916

Go back



Trade Orientation Summary

Country Mean Production Orientation Mean Consumption Orientation

Benin 0.746 0.254
Cambodia 0.874 0.126
Chile 0.655 0.345
Colombia 0.701 0.299
Egypt 0.564 0.436
El Salvador 0.735 0.265
Malaysia 0.671 0.329
Mozambique 0.890 0.110
Paraguay 0.686 0.314
Venezuela 0.676 0.324
Missing information for
Uganda NA NA
Bangladesh NA NA
Guinea NA NA

Go back



Trade Orientation First Stage

(1))

Strikes -1.927��

(0.7281)
Strikes� Trade share -2.666���

(0.4702)

# Obs. 3274
# Countries 10
R2 0.948
Region FE Yes
Continent � Wave FE Yes
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Within Sectors

Agri Self (1) Agri Wage (2) Agri Unpaid (3) Manuf Self (4) Manuf Wage (5) Manuf Unpaid (6) Serv Self (7) Serv Wage (8) Serv Unpaid (9)

Mobile Coverage -0.225+ 0.327* 0.864 0.139 -0.044 0.294* 0.120* -0.275* 0.453*
(0.119) (0.131) (0.627) (0.092) (0.057) (0.108) (0.054) (0.114) (0.203)

# Obs. 2988 2988 2988 2988 2988 2988 2988 2988 2988
# Countries 9 9 9 9 9 9 9 9 9
Region FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.47 0.28 0.53 0.16 0.18 0.10 0.37 0.53 0.23
Wald F-stat 8.12 8.12 8.12 8.12 8.12 8.12 8.12 8.12 8.12
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Detailed Employment Codes

ˆ Agricultural Employment Share | ^ farm and wage jobs Detail

ˆ Manufacturing Employment Share | ^ construction, 
at factory work Detail

ˆ Services Employment Share |̂ retail, business, health Detail

ˆ Self-Employment Share | stable, slight formalization Detail

ˆ Waged Employment Share | ^ formal and permanent jobs Detail

ˆ Unpaid Employment Share | ^ apprenticeships,_ family help Detail

Go back



Detailed Agriculture

Tot Agriculture Agri-Fish and Forestry Mining Extraction
(1) (2) (3)

Mobile Coverage 0.2459�� 0.2308�� 0.0152
(0.1056) (0.0979) (0.0174)

Mean Dep. Var. 0.265 0.260 0.005
Region FE Yes Yes Yes
Continent � Wave FE Yes Yes Yes
First Stage F Stat 152.64 152.64 152.64

# Obs. 2,988 2,988 2,988
# Countries 9 9 9
Wald F. Stat 18.7 18.7 18.7
Go back



Detailed Manufacturing

Tot Manuf Manufacturing Construction
(1) (2) (4)

Mobile Coverage 0.0120 -0.0181 0.0300��

(0.0205) (0.0154) (0.0104)

Mean Dep. Var. 0.077 0.048 0.028
Region FE Yes Yes Yes
Continent � Wave FE Yes Yes Yes
Wald F Stat 18.7 18.7 18.7

# Obs. 2,988 2,988 2,988
# Countries 9 9 9
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Detailed Services

Services subsectors

Tot Elec.& Gas Retail Hospit. Transport Fin PA
(1) (2) (3) (4) (5) (6) (7)

Mobile Coverage 0.1640 0.0016 0.1365� -0.0328 0.0125 -0.0042 0.0174
(0.1075) (0.0013) (0.0661) (0.0192) (0.0084) (0.0065) (0.0170)

Mean Dep. Var. 0.194 0.002 0.062 0.010 0.020 0.003 0.021

Unspec. Business Education Health Other Household
(8) (9) (10) (11) (12) (13)

Mobile Coverage -0.0427 0.0603��� -0.0082 0.0272� -0.0425 0.0388�

(0.0380) (0.0178) (0.0187) (0.0143) (0.0246) (0.0221)

Mean Dep. Var. 0.002 0.010 0.023 0.011 0.015 0.014
Region FE Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes Yes
Wald F Stat 18.7 18.7 18.7 18.7 18.7 18.7
# Obs. 2,988 2,988 2,988 2,988 2,988 2,988
# Countries 9 9 9 9 9 9
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Detailed Self-Emp

Tot Self-emp. New Self-emp. Employer Own-account Coop. Sharecrop

Mobile Coverage 0.0011 0.0072 -0.0070 -0.0148 0.0014 -0.0010
(0.0812) (0.0130) (0.0107) (0.0707) (0.0014) (0.0009)

Mean Dep. Var. 0.238 0.021 0.016 0.197 0.001 0.000
Region FE Yes Yes Yes Yes Yes Yes
Cont. � Wave FE Yes Yes Yes Yes Yes Yes
Wald F Stat 9.79 9.79 9.79 9.79 9.79 9.79
# Obs. 3,794 3,794 3,794 3,794 3,794 3,794
# Countries 12 12 12 12 12 12
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Detailed Wage Work

Tot Wage Wage White Blue White/Blue Day lab Perm

Mobile Coverage 0.1359��� -0.2470 0.0300 0.0801 0.2506� 0.0087 0.0624
(0.0309) (0.1547) (0.0206) (0.0546) (0.1329) (0.0128) (0.0667)

Mean Dep. Var. 0.252 0.156 0.001 0.003 0.031 0.005 0.010

Occ. Private Apprent Coop. Public Domestic Parastatal

Mobile Coverage 0.0157 -0.0368 -0.0007 � 2:31 � 10� 5 -0.0421 0.0060 0.0019
(0.0226) (0.0501) (0.0007) (3 :93 � 10� 5) (0.0393) (0.0135) (0.0011)

Mean Dep. Var. 0.004 0.021 0.001 0.000 0.008 0.009 0.000
Region FE Yes Yes Yes Yes Yes Yes Yes
Cont. � Wave FE Yes Yes Yes Yes Yes Yes Yes
Wald F Stat 9.79 9.79 9.79 9.79 9.79 9.79 9.79
# Obs. 3,794 3,794 3,794 3,794 3,794 3,794 3,794
# Countries 12 12 12 12 12 12 12
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Detailed Unpaid Work

Tot Unpaid (1) Family (2) Apprentice (3) No-Wage (4) Other (5)

Mobile Coverage 0.1733�� -0.0125��� 0.1866�� -0.0009 -0.0032
(0.0635) (0.0040) (0.0665) (0.0011) (0.0035)

Mean Dep. Var. 0.088 0.001 0.087 0.000 0.003
Region FE Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes
Wald F Stat 9.79 9.79 9.79 9.79 9.79
# Obs. 3,794 3,794 3,794 3,794 3,794
# Countries 12 12 12 12 12
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3G in Guinea
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Reduced Form Estimates
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Manufactury (1) Agriculture (2) Service (3) Self Emp (4) Wage Emp (5) Unpaid Emp (6)

Lightining Strikes 0.127+ -0.467** 0.360*** 0.774 -0.280 -0.467*
(0.068) (0.127) (0.088) (0.555) (0.413) (0.214)

R2 0.895 0.955 0.942 0.892 0.968 0.930
# Obs. 2988 2988 2988 3794 3794 3794
# Countries 9 9 9 12 12 12
Region FE Yes Yes Yes Yes Yes Yes
Continent � Wave FE Yes Yes Yes Yes Yes Yes
Mean Dep. Var. 0.15 0.43 0.42 0.39 0.49 0.12



IPUMS overview (sample/variables)
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Instrument: Lightning frequency (NASA GHRC)
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