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Motivation

Classic beta convergence test on U.S. state income: Barro & Sala-i-Martin
(2003), Ganong & Shoag (2017)
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Motivation

• According to the classic beta convergence test, the rate of U.S.
income convergence across states has declined for the last three
decades, unlike the strong convergence in the mid-20th century

• Problem: Beta convergence is a necessary condition of convergence,
not a sufficient condition (Sul, 2019)

→ Revisit the question by applying a relative convergence test
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Data: Income per capita

• Personal income per capita from the Bureau of Economic Analysis

• Calendar years 1947-2020

• 48 states in the contiguous United States

• Units are 2020 dollars after being deflated by CPI
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Relative convergence test

Phillips and Sul (2007): If the slope coefficients on the time trend are
identical in the long run, the growth rate of the log per capital real income
converges to the steady-state level

• Suppose Xit is the panel data of state i at time t

Xit = δitut (1)

where δit is a time-varying idiosyncratic element and ut is a single common
component.

• Removing the common factor as follows:

hit =
Xit

1
N

∑N
i=1 Xit

=
δit

1
N

∑N
i=1 δit

(2)

where hit is the relative transition parameter, tracing out a transition path
of state i in relation to the panel average
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Relative convergence test

• Convergence condition is that the variance of hit converges to zero.

Hit =
1

N

N∑
i=1

(hit − 1)2 → 0 if lim
t→∞

δit = δ for all i (3)

• limt→∞ δit = δ for all i in eq (3) is equivalent to

lim
t→∞

Xit

Xjt
= 1 for all i and j (4)
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Relative convergence test

• The hypothesis test can be implemented through the following log t
regression model (Null hypothesis: Convergence)

log
H1

Ht
− 2log(log(t)) = a+ b log(t) + ϵt (5)

for t = [rT ], [rT ] + 1, ...,T with r > 0

• Recommend to set r=1/3 according to Phillips & Sul (2007)

• However, setting r=1/10 gives a more conservative result (Kwak,
2022)

• The null of convergence cannot be rejected if tb̂ ≥ −1.65 at the 5%
level (one side test)
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Relative convergence test: Result

• About 30% of early period samples are discarded to eliminate the
impact of initial observations

• The log t results can vary for different measurement units →
Subtract the minimum value across states and time to solve the
measurement unit problem

• Log t regression is performed after eliminating the trend and cyclical
components of a times series of each state

Table: Log t regression

Soohyun Choi (UT Dallas) U.S. Income Convergence December 19, 2022 8 / 20



Convergence clubs

Even though we reject the null hypothesis of convergence for the whole
panel, convergent subgroups - clubs - can still exist

Step 1: Cross-section sorting

Sort states in descending order according to the incomes in the last period.
Index states with their orders {1, ...,N}

Step 2: Core group formation

• Find the first k such that tk > −1.65 for the subgroup with states
{k , k + 1}. In case of no k satisfying tk > −1.65, there are no
subgroups in the panel

• If the first convergence subgroup exists, perform log t regression for
the subgroups with states {k, k + 1, ..., k + j} with j
∈{1,...,N-k}. A group of states {k, k+1, ..., k+j∗} yielding the
highest value of the test statistics form a core group.
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Convergence clubs

Step 3: Sieve states for club membership

• Form a complementary group G c
j∗ within which states are not in the

core group. Add one state from G c
j∗ at a time to the core group and

run log t test. If the test statistic is greater than the critical value
c∗ ∈ [−1.65, 0], include the state in the club candidate group.

• Run the log t test for the club candidate group above. If the test
statistic is greater than -1.65, the initial convergence club is obtained.
If not, raise the critical value c∗ and repeat the step 3 until
t̂b > −1.65. If there are some t̂b > −1.65, add one state from the
remaining candidates at a time, run the log t. If the highest value of
t̂b is not greater than -1.65, stop the procedure. The extended core
group forms an initial convergence club. Otherwise, repeat the above
procedure to add the state with the highest t̂b.

Soohyun Choi (UT Dallas) U.S. Income Convergence December 19, 2022 10 / 20



Convergence clubs

Step 4: Recursion and stopping rule

Perform the log t test for the remaining states that are not sieved by step
3. If the test statistic is greater than -1.65, the subgroup becomes another
convergence club. Otherwise, repeat steps 1-3 on this subgroup.

Step 5: Club merging

Run the log t test for all pairs of the subsequent initial clubs. Merge clubs
satisfying the convergence hypothesis jointly. Repeat the procedure on the
new clubs until no clubs can be merged.
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Convergence clubs: Results

Figure: Geographic Distribution of Convergence Clubs: Income per Capita
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Possible determinants of income divergence

Focusing on labor mobility

1 Housing supply (Ganong & Shoag, 2017): Land use regulation

2 Changes in labor demand from skill-biased technological change
(Autor & Dorn, 2013): Percentage employment of high-skilled jobs

3 Local amenities, such as public education spending, crime rate, air
quality, weather (Diamond, 2016; Rappaport, 2007): Public K-12
spending per student, Violent crime incidents per 100 Inhabitants, Air
quality index, Daylight hours

Soohyun Choi (UT Dallas) U.S. Income Convergence December 19, 2022 13 / 20



Possible determinants: Data Appendix

Figure: Data Appendix
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Possible determinants: Summary statistics

Table: Summary Statistics of Determinants

Note: Standard errors are reported in parentheses.
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Cross-sectional and random effect regression

Table: Impacts of Housing supply, Labor Demand Change and Amenities on U.S.
Regional Income

Note: All variables are in log forms. The log of average income per capita across years is used in models (1)-(2). The samples in

model (3) range from 2002 to 2020, while the samples in models (4)-(6) range from 2010 to 2020 only. Models (2)-(6) do not

include Delaware and West Virginia because of the lack of information on daylight hours data. Standard errors are reported in

parentheses. Standard errors are clustered by state in models (3)-(6).
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A problem of random effect regression

Some variables are stationary, while others are non-stationary
→ Run ordered logit where a convergence club classification is a
dependent variable

Table: Appendix:
Unit Root Test for Panel Data Using Augmented Dickey-Fuller Tests (Choi, 2001)
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Ordered logit regression

Figure: Ordered Logit Estimation Results: Coefficients
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Ordered logit regression

Figure: Ordered Logit Estimation Results: Odd Ratios
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Conclusion

• Log t test fails to reject the hypothesis of U.S. income convergence
across states

• Alternatively, income convergence has formed among four subgroups
– called clubs – within which states have specific characteristics in
common.

• The ordered logit regression analysis suggests that changes in labor
demand and public school spending play a significant role in
accounting for the formation and composition of convergence clubs.
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