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In this Online Supplement, we provide discussions on the extension of the estimation method,

the proofs of Theorems 1 to 3 with lemmas used in proving theorems, the complete and additional

simulation results, as well as the data descriptions and additional empirical results. Section S1

develops the GMM estimation when the rank condition in Assumption 6 (ii) fails. Section S2

contains the proofs of main theorems. Section S3 provides the additional lemmas used in the

proof of theorems. Section S4 reports the complete and additional Monte Carlo simulation results.

Section S5 provides the data descriptions and the additional empirical results.
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S1 GMM Estimation with Linear and Quadratic Moment Condi-

tions

As pointed out by one of the referees, if B = 0 in (3), then the CCEX-IV and CCE-IV estimators are

not identifiable since the rank condition in Assumption 6(ii) fails. If B = 0, we have a heterogeneous

spatial autoregressive model with common factors, which is different from what we are studying in

the current paper. This heterogeneous spatial model with unobserved factors has not been studied

in the literature and deserves separate research. Hence, in this section, we only provide a brief

discussion on how to construct GMM estimation of this model.

We follow Lee and Yu (2014) and Yang (2021), and develop the GMM estimation using both

linear and quadratic moments conditions. If factors were observable, then we would have the

following heterogeneous autoregressive spatial panel data (HSPD) model for the de-factored data

(see (6) in the main text):

ỹ0 = (IT ⊗ ρW )ỹ0 + (IT ⊗B)x̃+ ε̃0, (S.1)

where ỹ0 = (MFy
⊗ IN )y is the de-factored y, and x̃ and ε̃0 are defined similarly.

Let Pl be a N ×N real non-random matrix with zero diagonal elements. Then, under Assump-

tion 2, we can obtain the following quadratic moment conditions:

E(ε̃′0(IT ⊗ Pl)ε̃0) =
N
∑

i=1

N
∑

j=1

pl,jiE(ε̃′0i.ε̃0j.) =
N
∑

i=1

pl,iiE(ε̃′0i.ε̃0i.) = 0, (S.2)

where pl,ji is the (j, i)-th element of Pl, ε̃0i. = (ε̃0i1, . . . , ε̃0iT )
′ and ε̃0it is the ((i − 1)N + t)-th

element of ε̃0. The first equality is obtained by definition, the second is by Assumption 2 and the

final one is due to pl,ii = 0 for all i. Suppose that we de-factor equation (1) using MFx
. Although

this leaves f2t unaccounted for, the quadratic moment conditions in (S.2) still hold because the

loadings associated with f2t are cross-sectionally independent with zero mean and independent of

idiosyncratic errors under Assumption 3.

We now collect the m non-random matrices, P1, . . . ,Pm, and the ι linear IVs contained in the

matrix Q̃, which is defined in the main text. The number of Pl matrices and the number of IVs

should satisfy (m + ι) ≥ N(k + 1). We then construct the sample counterparts of the quadratic

and the linear moment conditions as follows:

MNT
(m+ι)×1

= [ˆ̃ε′x(IT ⊗ P1)ˆ̃εx, . . . , ˆ̃ε
′
x(IT ⊗ Pm)ˆ̃εx, ˆ̃ε′xQ̃]′,

where ˆ̃εx = (IT ⊗ (IN − ρ̂W ))M̃X̄y − M̃X̄(IT ⊗ B̂)x, and ρ̂ and B̂ are some initial estimates.

Then, the GMM estimator for ρ and B can be obtained by

(ρ̂1, . . . , ρ̂N , β̂′
1, . . . , β̂

′
N )′ = argmin

(ρ1,...,ρN ,β′
1
,...,β′

N
)′∈Θ

M ′
NTWgMNT , (S.3)
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where Θ is a compact parameter space in R(k+1)N and Wg is an (m+ ι)× (m+ ι) positive definite

weighting matrix.

Notice that the construction of quadratic moments for each individual requires us to obtain

consistent estimation of idiosyncratic errors and thus the parameters from all other individuals. This

implies that we cannot solve (S.3) sequentially on an individual basis. Instead, all the parameters

need to be estimated simultaneously by solving the minimisation problem (S.3). This will pose a

heavy computational burden, especially if N is large. Moreover, in this context, the optimal choice

of the matrices Pl, 1 ≤ l ≤ m, is not a simple task for heterogeneous spatial models. These matrices

are usually chosen by minimising the (asymptotic) variance of the GMM estimator, which requires

further research. Due to space constraints, we leave it for future studies.

We also note in passing that the above technical issues do not occur if the parameters are

homogeneous, in which case the popular choice of quadratic moments matrix is given by P ∗ =

G − diag(G) and the asymptotic properties can be established using the standard M -estimation

techniques, see Yang (2021).

S2 Proofs of Theorems

First, we introduce the following notations:

F1
T×r1

=
(

f11, . . . ,f1T
)′
, F2

T×r2

=
(

f21, . . . ,f2T
)′
, F3

T×r3

=
(

f31, . . . ,f3T
)′
,

f1
Tr1×1

=
(

f ′
11, . . . ,f

′
1T

)′
, f2

Tr2×1
=
(

f ′
21, . . . ,f

′
2T

)′
, f3

Tr3×1
=
(

f ′
31, . . . ,f

′
3T

)′
,

fxt
rx×1

=
(

f ′
1t,f

′
3t

)′
, fyt

ry×1

=
(

f ′
1t,f

′
2t

)′
, fat

ra×1
=
(

f ′
1t,f

′
2t,f

′
3t

)′
,

Fx
T×rx

=
(

fx1, . . . ,fxT
)′
, Fy

T×ry

=
(

fy1, . . . ,fyT
)′
, Fa

T×ra
=
(

fa1, . . . ,faT
)′
,

fx
Trx×1

=
(

f ′
x1, . . . ,f

′
xT

)′
, fy

Try×1

=
(

f ′
y1, . . . ,f

′
yT

)′
,

γ1
N×r1

=
(

γ11, . . . ,γ1N

)′
, γ2

N×r2

=
(

γ21, . . . ,γ2N

)′
, γy

N×ry

=
(

γ1,γ2

)

.

To prove Theorems 1 – 3, we will use Lemmas 1 to 8 in Sections S3.

S2.1 Proof of Theorem 1

S2.1.1 Consistency of the Individual Estimator

We establish the consistency of the individual estimator, θ̂i by proving that the RHS of (20)

converges in probability to 0 as (N,T )→∞. First, by the definition of Πi = Q̃i(Q̃
′
iQ̃i)

−1Q̃′
i, the

property of Z ′
i.ΠZi./T is determined by Q̃′

iQ̃i/T and Q̃′
iZi./T . By Lemma 5(c) and Assumption

6(i)&(ii), it is easily seen that as (N,T )→∞, the former is dominated by Q̃′
i0Q̃i0/T and the latter

by Q̃′
i0Zi0./T . Then, by Lemma 5(c), Assumption 6(i)&(ii) and the Continuous Mapping Theorem,
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we have:
Z ′

i.ΠiZi.

T
=

Z ′
i0.Πi0Zi0.

T
+Op

(

1

N

)

+Op

(

1√
T

)

, (S.4)

where Πi0 = Q̃i0(Q̃
′
i0Q̃i0)

−1Q̃′
i0. For the remaining terms on the RHS of (20), we use Lemma 5

and obtain:

Z ′
iΠi[F1γ1i + F2γ2i + εi.]

T
= Op

(

1

N

)

+Op

(

1√
T

)

+Op

(

1√
NT

)

, (S.5)

which converges to 0 in probability as (N,T )→∞. In view of (20), (S.4) and (S.5), it is easily seen

that θ̂i is a consistent estimator for θi as (N,T )→∞.

S2.1.2 Asymptotic Normality of the Individual Estimator

To derive the asymptotic distribution of θ̂i, we multiply (20) by
√
T :

√
T (θ̂i − θi) =





Z ′
i.Q̃i

T

(

Q̃′
iQ̃i

T

)−1
Q̃′

iZi.

T





−1

Z ′
i.Q̃i

T

(

Q̃′
iQ̃i

T

)−1
Q̃′

i(F1γ1i + F2γ2i + εi.)√
T

.

Using Lemma 5 and Assumption 6(i)–(ii), we have:

√
T (θ̂i − θi) =





Z ′
i0.Q̃i0

T

(

Q̃′
i0Q̃i0

T

)−1
Q̃′

i0Zi0.

T





−1

Z ′
i0.Q̃i0

T

(

Q̃′
i0Q̃i0

T

)−1
Q̃′

i0(F2γ2i + εi.)√
T

+Op

(√
T

N

)

+Op

(

1√
N

)

. (S.6)

To establish the asymptotic normality, we need to investigate the property of Q̃′
i0(F2γ2i+εi.)/

√
T .

Under Assumptions 1-3, it is easily seen that it has zero mean. By the mutual independence among

f2t, εit and γ2i and under Assumptions 2 and 6(i)&(iii), its variance,

var

(

Q̃′
i0(F2γ2i + εi.)√

T

)

= E

(

Q̃′
i0F2Ωγ2F2

′Q̃i0

T
+

Q̃′
i0Ωε,iQ̃i0

T

)

,

is finite for all i. Then, by the Central Limit Theorem (CLT), as (N,T )→∞, we have

Q̃′
i0(F2γ2i + εi.)√

T

d−→ N (0, Σi) for each i, (S.7)

where Σi is defined in (16). Using (S.6), (S.7), and Assumption 6(iv), we obtain the required

asymptotic distribution in Theorem 1 if T/N2 → 0 as (N,T )→∞.
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S2.2 Proof of Theorem 2

S2.2.1 Consistency of the Mean Group Estimator

Under Assumption 5, we have
∑N

i=1 ξi/N
p−→ 0 as N → ∞ by the weak law of large numbers

(WLLN). The consistency of the Mean Group estimator for either fixed T or T → ∞ follows

directly from (23) and Lemma 7.

S2.2.2 Asymptotic Normality of the Mean Group Estimator

We multiply both sides of (23) by
√
N and obtain:

√
N(θ̂MG − θ) =

1√
N

N
∑

i=1

ξi +
1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.Πi(F1γ1i + F2γ2i + εi.)

T

=
1√
N

N
∑

i=1

ξi +
1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF1γ1i

T
(S.8)

+
1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF2γ2i

T
+

1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.Πiεi.

T
.

By Lemma 7, the convergence rates for the last three terms on the RHS of (S.8) are:

1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF1γ1i

T
= Op

(

1√
T

)

+Op

(

1√
N

)

,

1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF2γ2i

T
= Op

(

1√
T

)

+Op

(

1√
N

)

,

1√
N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.Πiεi.

T
= Op

(

1√
T

)

.

Thus, (S.8) can be simplified to

√
N(θ̂MG − θ) =

1√
N

N
∑

i=1

ξi +Op

(

1√
T

)

+Op

(

1√
N

)

,

where
∑N

i=1 ξi/
√
N

d−→ N(0,Ωξ) asN → ∞ under Assumption 5. Hence, as (N,T )→∞,
√
N(θ̂MG−

θ)
d−→ N(0,Ωξ). This completes the proof of Theorem 2.
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S2.3 Proof of Theorem 3

S2.3.1 Inconsistency of the Pooled Estimator under Parameter Heterogeneity

By Lemma 8(c) and under Assumption 6(i)-(ii), it is easily seen that the asymptotic property of

θ̂P in (25) is determined by

1

N

N
∑

i=1

Q̃′
i(Zi.ξi + F1γ1i + F2γ2i + εi.)

T
. (S.9)

The last three terms converge in probability to 0 as N → ∞. But, this is not the case for the first

term because of the correlation between Zi. and ξi. By Lemma 8(c), we have:

1

N

N
∑

i=1

Q̃′
iZi.ξi

T
=

1

N

N
∑

i=1

Q̃′
i0Zi0.ξi

T
+ op(1).

Decompose ξi into (ξρi
1×1

, ξ′βi
1×k

)′. Then, using the definition of Zi0. and (S.43), we obtain:

1

N

N
∑

i=1

Q̃′
i0Zi0.ξi

T
=

1

N

N
∑

i=1

Q̃′
i0(IT ⊗ b′iG)(IT ⊗B)x ξρi

T
+

1

N

N
∑

i=1

Q̃′
i0Xi.ξβi

T

=
1

N

N
∑

i=1

N
∑

j=1

gijξρi
Q̃′

i0Xj.

T
βj +

1

N

N
∑

i=1

Q̃′
i0Xi.

T
ξβi, (S.10)

where gij is the (i, j)-th element of G = W (IN − ρW )−1. Under Assumption 5, the second term

in (S.10) converges to 0 in probability as N → ∞. But, the first term does not converge to 0

in general. Even if ξρi and βj (or ξβi) are uncorrelated for all i, j,
∑N

i=1

∑N
j=1E

(

gijξρi
)

/N does

not converge to 0 due the correlation between gij and ξρi. Thus, the Pooled estimator becomes

inconsistent under parameter heterogeneity.

We also note that, since
∑N

i=1 Q̃
′
i0Xi.ξβi/NT

p→ 0 as N → ∞, if the spatial coefficient is

homogeneous (i.e., ρi ≡ ρ and ξρi ≡ 0), then the Pooled estimator can still be consistent, even if βi

is heterogeneous.

S2.3.2 The Pooled Estimator under Parameter Homogeneity

By Lemma 8 and Assumption 7(i), it is straightforward to establish the consistency of θ∗
P . Here

we focus on its asymptotic distribution.

In view of (27), Lemma 8(c) and Assumption 7(ii), we only need to consider the asymptotic

distribution of

√

T

N

N
∑

i=1

Q̃′
i(F1γ1i + F2γ2i + εi.)

T
.

6



Recall that Q̃i = MX̄(IT ⊗ b′i)Q. Using the definition of Q, we will derive the asymptotic distri-

bution of
√

T

N

N
∑

i=1

X ′
i.MX̄(F1γ1i + F2γ2i + εi.)

T
. (S.11)

Using (18), we write the first term in (S.11) as

√

T

N

N
∑

i=1

X ′
i.MX̄F1γ1i

T
=

√

T

N

N
∑

i=1

Γ′
xiF

′
xMX̄F1

T
γ1i +

√

T

N

N
∑

i=1

V ′
i.MX̄F1

T
γ1i. (S.12)

Define Γ̄∗
x = (Γ̄xΓ̄

′
x)

−1Γ̄x and Γ̄∗
1 = (Γ̄1Γ̄

′
1)

−1Γ̄1, where Γ̄x =
∑N

i=1 Γxi/N and Γ̄1 =
∑N

i=1 Γ1i/N .

Using (12), Lemma 2(a),(b)&(d) and Lemma 3(c)&(d) and under Assumption 3, we have (see

similar arguments in Yang (2021, pp. S8-S9)):

√

T

N

N
∑

i=1

Γ′

xiF
′

xMX̄F1

T
γ1i =

√

T

N

N
∑

i=1

Γ′

xiΓ̄
∗

x

V̄ ′V̄

T
Γ̄∗

′

1 γ1i +Op

( √
T

N3/2

)

+Op

(

1

N

)

+Op

(

1√
NT

)

, (S.13)

√

T

N

N
∑

i=1

V ′

i.MX̄F1

T
γ1i = −

√

T

N

N
∑

i=1

V ′

i.V̄

T
Γ̄∗

′

1 γ1i +Op

(√
T

N

)

+Op

(

1√
N

)

, (S.14)

where V̄ = (v̄.1, . . . , v̄.T )
′. For the first term on the RHS of (S.13), by Lemma 2(a) and Assumption

3, we have: V̄ ′V̄ /T = Op (1/N), which is independent of the rest of terms in Γ′
xiΓ̄

∗
xV̄

′V̄ Γ̄∗′

1 γ1i/T .

Furthermore, by Assumption 3, we have: Γ̄∗
x

p−→ Γ̄∗
x0 and Γ̄∗

1
p−→ Γ̄∗

10 as N → ∞, where Γ̄∗
x0 =

(Γ̄x0Γ̄
′
x0)

−1Γ̄x0 and Γ̄∗
10 = (Γ̄10Γ̄

′
10)

−1Γ̄10, and Γ̄x0 and Γ̄10 are defined in Assumption 3. Finally,

note that γ1i is IID with mean 0 and finite variance, and independent of Γxi and V̄ .

Following the proof of (S.50), then it is straightforward to show that

√

T

N

N
∑

i=1

Γ′
xiΓ̄

∗
x

V̄ ′V̄

T
Γ̄∗′

1 γ1i = Op

(
√

T

N
× 1

N
×
√
N

)

= Op

(√
T

N

)

. (S.15)

Similarly, by Lemma 2(d) and under Assumption 3, we have:

√

T

N

N
∑

i=1

V ′
i.V̄

T
Γ̄∗′

1 γ1i =Op

(
√

T

N
×
(

1

N
+

1√
NT

)

×
√
N

)

=Op

(√
T

N

)

+Op

(

1√
N

)

. (S.16)

Combining (S.12)-(S.16), we obtain

√

T

N

N
∑

i=1

X ′
i.MX̄F1γ1i

T
= Op

(√
T

N

)

+Op

(

1√
N

)

. (S.17)
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For the second term in (S.11), note under Assumption 3 that γ2i is IID with mean 0, finite

variance and independent of Xi., MX̄ , and F2. Using the second result in Lemma 4(a):

√

T

N

N
∑

i=1

X ′
i.MX̄F2

T
γ2i =

√

T

N

N
∑

i=1

X ′
i.MFx

F2

T
γ2i +Op

(

1√
N

)

+Op

(√
T

N

)

. (S.18)

Furthermore,

E

(
√

T

N

N
∑

i=1

X ′
i.MFx

F2

T
γ2i

)

= 0, (S.19)

and by Assumption 6(iii),

var

(
√

T

N

N
∑

i=1

X ′
i.MFx

F2

T
γ2i

)

=
1

N

N
∑

i=1

E

(

X ′
i.MFx

F2Ωγ2F
′
2MFx

Xi.

T

)

≤ C. (S.20)

To examine the third term in (S.11), we define H = FxΓ̄x and MH = IT − H
(

H ′H
)+

H ′.

Then by stacking (11) over t, we have:

X̄ = FxΓ̄x + V̄ = H + V̄ , (S.21)

where X̄ = (x̄1, . . . , x̄T )
′. By Assumption 3 and using the property of the Moore-Penrose inverse,

we have MFx
= MH . Hence,

√

T

N

N
∑

i=1

X ′

i.MX̄εi.

T
−
√

T

N

N
∑

i=1

X ′

i.MFx
εi.

T
= − 1√

TN

N
∑

i=1

[

X ′

i.X̄(X̄ ′X̄)+X̄ ′εi. −X ′

i.H(H ′H)+H ′εi.
]

=− 1√
TN

N
∑

i=1

[

X ′

i.X̄(X̄ ′X̄)+X̄ ′εi. −X ′

i.H(X̄ ′X̄)+X̄ ′εi. +X ′

i.H(X̄ ′X̄)+X̄ ′εi.

−X ′

i.H(H ′H)+X̄ ′εi. +X ′

i.H(H ′H)+X̄ ′εi. −X ′

i.H(H ′H)+H ′εi.
]

=− 1√
TN

N
∑

i=1

[

X ′

i.V̄ (X̄ ′X̄)+X̄ ′εi. +X ′

i.H
[

(X̄ ′X̄)+ − (H ′H)+
]

X̄ ′εi. +X ′

i.H(H ′H)+V̄ ′εi.
]

. (S.22)

Following the proof of Lemma 4(c), it is easily seen that

1√
TN

N
∑

i=1

X ′
i.V̄ (X̄ ′X̄)+X̄ ′εi. = Op

(

1√
N

)

+Op

(

1√
T

)

, (S.23)

1√
TN

N
∑

i=1

X ′
i.H[(X̄ ′X̄)+ − (H ′H)+]X̄ ′εi. = Op

(

1√
N

)

+Op

(

1√
T

)

. (S.24)

For the third term on the RHS of the last equality in (S.22), notice that εi. is independently dis-

tributed over i with mean 0 and is independent ofXi.,H and V̄ . Hence,
∑N

i=1X
′
i.H(H ′H)+V̄ ′εi./

√
NT

8



has mean 0 and variance given by

var

(

1√
TN

N
∑

i=1

X ′
i.H(H ′H)+V̄ ′εi.

)

= var

(
√

T

N

N
∑

i=1

X ′
i.H

T

(

H ′H

T

)+
V̄ ′εi.

T

)

=
T

N

N
∑

i=1

E

[

X ′
i.H

T

(

H ′H

T

)+
V̄ ′εi.ε

′
i.V̄

T 2

(

H ′H

T

)+
H ′Xi.

T

]

= O

(

T

N
× 1

NT
×N

)

= O

(

1

N

)

,

where the second last equality follows from Lemma 3(a)&(g) and the proof of the first result in

Lemma 2(d). This implies:

1√
TN

N
∑

i=1

X ′
i.H(H ′H)+V̄ ′εi. = Op

(

1√
N

)

,

which, combined with (S.22)-(S.24), in turn implies

√

T

N

N
∑

i=1

X ′
i.MX̄εi.

T
=

√

T

N

N
∑

i=1

X ′
i.MFx

εi.

T
+Op

(

1√
N

)

+Op

(

1√
T

)

. (S.25)

By Assumptions 2, it is easily seen that the first term on the RHS of (S.25) has mean 0. Further-

more, following proofs in (S.37) and (S.38), we can establish that its variance

var

(
√

T

N

N
∑

i=1

X ′
i.MFx

εi.

T

)

=
1

N

N
∑

i=1

E

(

X ′
i.MFx

Ωε,iMFx
Xi.

T

)

≤ C, (S.26)

is finite. Combining (S.17), (S.18)-(S.20), (S.25) and (S.26), we have:

√

T

N

N
∑

i=1

X ′
i.MX̄(F1γ1i + F2γ2i + εi.)

T

d−→ N

(

0, lim
(N,T )→∞

1

N

N
∑

i=1

E

(

X ′
i.MFx

F2Ωγ2F2
′MFx

Xi.

T
+

X ′
i.MFx

Ωε,iMFx
Xi.

T

)

)

,

if T/N2 → 0 as (N,T )→∞. The proof of Theorem 3 is thus complete.

S3 Additional Lemmas

Lemma 1 below shows the validity of using x̄t as factor proxies.

Lemma 1. Under Assumption 2, we have, for each 1 ≤ t ≤ T :

(a) v̄t
q.m.−→ 0 as N → ∞,

(b) E ‖v̄t‖2 = O

(

1

N

)

and E ‖v̄t‖ = O

(

1√
N

)

for all N,

9



where v̄t = Υ vec(V ′
.t), Υ = ι′N ⊗ Ik/N , and

q.m.−→ denotes convergence in quadratic mean.

Proof. (a) It is easily seen under Assumption that 2,

E(v̄t) = E(Υ vec(V ′
.t)) =

1

N

N
∑

i=1

E(vit) = 0,

var (v̄t) = var

(

1

N

N
∑

i=1

vit

)

=
1

N2

N
∑

i=1

var (vit) =
1

N2

N
∑

i=1

Ωv,i = O

(

1

N

)

,

as ‖Ωv,i‖ < C for all i. The result follows by the definition of convergence in quadratic mean.

(b) First, under Assumption 2, it is easily seen that

E ‖v̄t‖2 = E



tr





1

N2

N
∑

j=1

N
∑

i=1

vjtv
′
it







 = tr

(

1

N2

N
∑

i=1

var(vit)

)

= O

(

1

N

)

.

By the Lyapunov’s inequality, we have:

E ‖v̄t‖ ≤ (E ‖v̄t‖2)1/2 = O

(

1√
N

)

.

�

Lemma 2. Under Assumptions 1 – 2, we have, for all N and T :

(a)
V̄ ′V̄

T
= Op

(

1

N

)

,

(b)
F ′
aV̄

T
= Op

(

1√
NT

)

,

(c)
V ′
i.Fa

T
= Op

(

1√
T

)

,
ε′i.Fa

T
= Op

(

1√
T

)

, uniformly for all i,

(d)
ε′i.V̄

T
= Op

(

1√
NT

)

,
V ′
i.V̄

T
= Op

(

1

N

)

+Op

(

1√
NT

)

, uniformly for all i,

(e)
X ′

i.V̄

T
= Op

(

1

N

)

+Op

(

1√
NT

)

, uniformly for all i,

where V̄ = (v̄1, . . . , v̄T )
′ is a T×k matrix with v̄t = Υ vec(V ′

.t) =
∑N

i=1 vit/N , Fa = (fa1, . . . ,faT )
′,

Vi. = (vi1, . . . ,viT )
′, εi. = (εi1, . . . , εiT )

′ and Xi. = (xi1, . . . ,xiT )
′.

Proof. The results in Lemma 2(a) – (c) correspond to (A.10) − (A.12) in Lemma 2 of Pesaran

(2006). Hence, we only provide the proofs for (d) and (e).

10



(d) By definition, we have

ε′i.V̄

T
=

1

T

T
∑

t=1

εitv̄
′
t =

1

T

T
∑

t=1

εit





1

N

N
∑

j=1

v′
jt



 =
1

NT

T
∑

t=1

N
∑

j=1

εitv
′
jt,

which is a k dimensional row vector. Each element of
∑T

t=1

∑N
j=1 εitvjt,p/NT for p = 1, . . . , k, has

zero mean and variance:

var





1

NT

T
∑

t=1

N
∑

j=1

εitvjt,p



 =
1

N2T 2

T
∑

t=1

T
∑

s=1

N
∑

j=1

N
∑

h=1

E (εitεis) E(vjt,pvhs,p)

=
1

N2T 2

T
∑

t=1

T
∑

s=1

N
∑

j=1

E(εitεis) E(vjt,pvjs,p)

≤ 1

2N2T 2

T
∑

t=1

T
∑

s=1

N
∑

j=1

∣

∣E(εitεis)
∣

∣E(v2jt,p + v2js,p)

≤ C

NT 2

T
∑

t=1

T
∑

s=1

∣

∣E(εitεis)
∣

∣ ≤
(

C

NT

)

uniformly for all i,

where the first equality follows from the independence of εit and vjs,p for all i, j, t, s, the second

equality from the fact that vjt,p and vhs,p are independent for j 6= h, the third inequality from the

fact that vjt is stationary over t and has uniformly bounded variance over j, and the last inequality

from the uniformly absolutely summable autocovariance property of εit. The second result can be

proved similarly by noting that the existence of the Op (1/N) term is due to the correlation between

Vi. and V̄ .

(e) Following (18) we have
X ′

i.V̄

T
= Γ′

xi

F ′
xV̄

T
+

V ′
i.V̄

T
,

where Γxi is uniformly bounded in probability under Assumption 3. Thus, we obtain the desired

result by Lemma 2(b), (d) and the definition of Fx. �

Lemma 3. Let H = FxΓ̄x. Under Assumptions 1 – 3, we have, for all N and T :

(a)
H ′H

T
= Op(1),

(b)
H ′V̄

T
= Op

(

1√
NT

)

,

(c)
X̄ ′X̄

T
= Op(1),

(d)
X̄ ′Fx

T
= Op(1),

X̄ ′F2

T
= Op(1),

(e)
X̄ ′Vi.

T
= Op

(

1

N

)

+Op

(

1√
T

)

, uniformly for all i,
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(f)
X̄ ′Xi.

T
= Op(1), uniformly for all i,

(g)
H ′Xi.

T
= Op(1), uniformly for all i,

(h)
X̄ ′εi.

T
= Op

(

1√
T

)

, uniformly for all i, .

Proof. (a) Under Assumption 1, F ′
xFx/T = Op(1) for all T . Furthermore, under Assumption 3,

Γ̄x =
∑N

i=1 Γxi/N = Op(1) for all N . Hence, we have:

H ′H

T
= Γ̄′

x

F ′
xFx

T
Γ̄x = Op(1).

(b) It follows from Lemma 2(b) that

H ′V̄

T
= Γ̄′

x

F ′
xV̄

T
= Op

(

1√
NT

)

.

(c) Notice that X̄ = H + V̄ . By Lemma 2(a) and Lemma 3(a)&(b), we have:

X̄ ′X̄

T
=

H ′H

T
+

V̄ ′V̄

T
+

H ′V̄

T
+

V̄ ′H

T
= Op(1) +Op

(

1

N

)

+Op

(

1√
NT

)

= Op(1).

(d) Under Assumption 1, F ′
xFx/T = Op(1) and F ′

2Fx/T = Op(1) by the Cauchy Schwartz’s In-

equality. Then, by Lemma 2(b) and the fact that Γ̄x = Op(1), we have:

X̄ ′Fx

T
= Γ̄′

x

F ′
xFx

T
+

V̄ ′Fx

T
= Op(1) +Op

(

1√
NT

)

= Op(1),

X̄ ′F2

T
= Γ̄′

x

F ′
xF2

T
+

V̄ ′F2

T
= Op(1) +Op

(

1√
NT

)

= Op(1).

(e) Similarly to (d), by Lemma 2(c)&(d): uniformly for all i, we have:

X̄ ′Vi.

T
= Γ̄′

x

F ′
xVi.

T
+

V̄ ′Vi.

T
= Op

(

1√
T

)

+

[

Op

(

1

N

)

+Op

(

1√
NT

)]

= Op

(

1

N

)

+Op

(

1√
T

)

.

(f) Recall that Xi. = FxΓxi + Vi.. Then, it follows from Lemma 3(d)&(e) and the uniform bound-

edness of Γxi (in probability) that

X̄ ′Xi.

T
=

X̄ ′Fx

T
Γxi +

X̄ ′Vi.

T
= Op(1) +Op

(

1

N

)

+Op

(

1√
T

)

= Op(1) uniformly for all i.
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(g) Recall that ‖Γxi‖ ≤ C in probability, Γ̄x =
∑N

i=1 Γxi/N = Op(1) under Assumption 3 and

F ′
xFx/T = Op(1) under Assumption 1. Then, by Lemma 2(c), we have, uniformly for all i:

H ′Xi.

T
= Γ̄′

x

F ′
xFx

T
Γxi + Γ̄′

x

F ′
xVi.

T
= Op(1) +Op

(

1√
T

)

= Op(1).

(h) This can be easily verified using Lemma 2(c)&(d):

X̄ ′εi.

T
= Γ̄′

x

F ′
xεi.

T
+

V̄ ′εi.

T
= Op

(

1√
T

)

+Op

(

1√
NT

)

= Op

(

1√
T

)

.

�

Lemma 4. Under Assumptions 1-3, as N → ∞, we have, uniformly for all i and j:

(a)
X ′

i.MX̄Fx

T
= Op

(

1

N

)

+Op

(

1√
NT

)

,
X ′

i.MX̄F2

T
=

X ′
i.MFx

F2

T
+Op

(

1

N

)

+Op

(

1√
NT

)

,

(b)
X ′

i.MX̄Xj.

T
=

X ′
i.MFx

Xj.

T
+Op

(

1

N

)

+Op

(

1√
NT

)

,

(c)
X ′

i.MX̄εj.

T
=

X ′
i.MFx

εj.

T
+Op

(

1√
NT

)

.

Proof. Using Lemmas 2 and 3, these results can be proved in a similar way to Lemma 3 in Kapetan-

ios et al. (2011).

(a) Let MH = IT −H(H ′H)+H ′, where H = FxΓ̄x and + denotes the Moore-Penrose inverse.

As rx ≤ k, the k × k matrix H ′H has rank rank(H ′H) = rank(H) ≤ rx ≤ k. Hence, unless

rx = k, it is not invertible. The same applies to X̄ ′X̄. Notice that

∥

∥

∥

∥

X ′
i.MX̄Fa

T
− X ′

i.MHFa

T

∥

∥

∥

∥

=

∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′Fa

T
− X ′

i.H(H ′H)+H ′Fa

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′Fa

T
− X ′

i.H(X̄ ′X̄)+X̄ ′Fa

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H(X̄ ′X̄)+X̄ ′Fa

T
− X ′

i.H(H ′H)+X̄ ′Fa

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H(H ′H)+X̄ ′Fa

T
− X ′

i.H(H ′H)+H ′Fa

T

∥

∥

∥

∥

=: d1 + d2 + d3. (S.27)

By Lemma 2(e) and Lemma 3(c)&(d) and using the relation X̄ = H + V̄ , we have

d1 =

∥

∥

∥

∥

(X ′
i.X̄ −X ′

i.H)(X̄ ′X̄)+X̄ ′Fa

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

X ′
i.V̄

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+
X̄ ′Fa

T

∥

∥

∥

∥

∥

= Op

(

1

N

)

+Op

(

1√
NT

)

uniformly for all i. (S.28)
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For d2, note that

d2 =

∥

∥

∥

∥

X ′
i.H[(X̄ ′X̄)+ − (H ′H)+]′X̄ ′Fa

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

X ′
i.H

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+

−
(

H ′H

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

X̄ ′F1

T

∥

∥

∥

∥

. (S.29)

By Lemma 2(a) and Lemma 3(b), and using X̄ = H + V̄ , we have:

X̄ ′X̄

T
− H ′H

T
=

V̄ ′V̄

T
+

H ′V̄

T
+

V̄ ′H

T
= Op

(

1

N

)

+Op

(

1√
NT

)

. (S.30)

Next, as N → ∞,
(

X̄ ′X̄

T

)+

−
(

H ′H

T

)+

= Op

(

1

N

)

+Op

(

1√
NT

)

. (S.31)

Using (S.30) and by Theorem 2 of Andrews (1987), we only need to show that as N → ∞,

Pr

(

rank

(

X̄ ′X̄

T

)

= rank

(

H ′H

T

))

→ 1. (S.32)

Recall that H = FxΓ̄x. Hence, rank (H ′H/T ) = rank(H) = rank(Γ̄x) = rx for all T and N as

well as N → ∞. Together with the result, X̄ ′X̄/T = H ′H/T + op(1) (see (S.30)), this implies

that (S.32) holds. Thus, combining (S.29), (S.31), and Lemma 3(d)&(g), we have

d2 = Op

(

1

N

)

+Op

(

1√
NT

)

, uniformly for all i. (S.33)

Finally, for d3, by Lemma 2(b) and Lemma 3(a)&(g), we have:

d3 =

∥

∥

∥

∥

X ′
i.H(H ′H)+(X̄ ′Fa −H ′Fa)

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

X ′
i.H

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

H ′H

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

V̄ ′Fa

T

∥

∥

∥

∥

= Op

(

1√
NT

)

. (S.34)

Combining (S.27), (S.28), (S.33) and (S.34), then

X ′
i.MX̄Fa

T
=

X ′
i.MHFa

T
+Op

(

1

N

)

+Op

(

1√
NT

)

uniformly for all i. (S.35)

Under Assumption 3, we have MH = MFx
. The second result in (a) follows from (S.35). For the

first result, note that Fx =
(

F1,F3

)

and MFx
Fx = 0. Hence, (S.35) implies

X ′
i.MX̄Fx

T
=

X ′
i.MFx

Fx

T
+Op

(

1

N

)

+Op

(

1√
NT

)

= Op

(

1

N

)

+Op

(

1√
NT

)

.
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(b) Similar to the proof of (a), we obtain the following expansion:

∥

∥

∥

∥

X ′
i.MX̄Xj.

T
− X ′

i.MHXj.

T

∥

∥

∥

∥

=

∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′Xj.

T
− X ′

i.H(H ′H)+H ′Xj.

T

∥

∥

∥

∥

=

∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′Xj.

T
− X ′

i.H(X̄ ′X̄)+X̄ ′Xj.

T
+

X ′
i.H(X̄ ′X̄)+X̄ ′Xj.

T

− X ′
i.H(H ′H)+X̄ ′Xj.

T
+

X ′
i.H(H ′H)+X̄ ′Xj.

T
− X ′

i.H(H ′H)+H ′Xj.

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

(X ′
i.X̄ −X ′

i.H)(X̄ ′X̄)+X̄ ′Xj.

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H[(X̄ ′X̄)+ − (H ′H)+]X̄ ′Xj.

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H(H ′H)+(X̄ ′Xj. −H ′Xj.)

T

∥

∥

∥

∥

=: d∗1 + d∗2 + d∗3.

For d∗1, by Lemma 2(e) and Lemma 3(c)&(f), we have:

d∗1 ≤
∥

∥

∥

∥

X ′
i.V̄

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

X̄ ′Xj.

T

∥

∥

∥

∥

= Op

(

1

N

)

+Op

(

1√
NT

)

uniformly for all i and j.

For d∗2, by Lemma 3(f)&(g) and (S.31), as N → ∞, we have:

d∗2 ≤
∥

∥

∥

∥

X ′
i.H

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+

−
(

(H ′H)+

T

)

∥

∥

∥

∥

∥

∥

∥

∥

∥

X̄ ′Xj.

T

∥

∥

∥

∥

= Op

(

1

N

)

+Op

(

1√
NT

)

.

Finally, for d∗3, by Lemma 2(e) and Lemma 3(a)&(g), we have:

d∗3 ≤
∥

∥

∥

∥

∥

X ′
i.H

T

(

H ′H

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

V̄ ′Xj.

T

∥

∥

∥

∥

= Op

(

1

N

)

+Op

(

1√
NT

)

.

This implies that as N → ∞,

X ′
i.MX̄Xj.

T
=

X ′
i.MHXj.

T
+Op

(

1

N

)

+Op

(

1√
NT

)

uniformly for all i and j.

The result in (b) follows directly since we have MH = MFx
under Assumption 3.

(c) Similar to the proofs of (a) and (b), we have the following expansion:

∥

∥

∥

∥

X ′
i.MX̄εj.

T
− X ′

i.MHεj.

T

∥

∥

∥

∥

=

∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′εj.

T
− X ′

i.H(H ′H)+H ′εj.

T

∥

∥

∥

∥

≤
∥

∥

∥

∥

X ′
i.X̄(X̄ ′X̄)+X̄ ′εj.

T
− X ′

i.H(X̄ ′X̄)+X̄ ′εj.

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H(X̄ ′X̄)+X̄ ′εj.

T
− X ′

i.H(H ′H)+X̄ ′εj.

T

∥

∥

∥

∥

+

∥

∥

∥

∥

X ′
i.H(H ′H)+X̄ ′εj.

T
− X ′

i.H(H ′H)+H ′εj.

T

∥

∥

∥

∥

=: d̃1 + d̃2 + d̃3.
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For d̃1, by Lemma 2(e) and Lemma 3(c)&(h), we have

d̃1 ≤
∥

∥

∥

∥

X ′
i.V̄

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

X̄ ′εj.

T

∥

∥

∥

∥

= Op

(

1

N
√
T

)

+Op

(

1√
NT

)

uniformly for all i and j.

For d̃2, by (S.31) and Lemma 3(g)&(h), we have:

d̃2 ≤
∥

∥

∥

∥

X ′
i.H

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

X̄ ′X̄

T

)+

−
(

(H ′H)+

T

)

∥

∥

∥

∥

∥

∥

∥

∥

∥

X̄ ′εj.

T

∥

∥

∥

∥

= Op

(

1

N
√
T

)

+Op

(

1√
NT

)

.

Finally, for d̃3, by Lemma 2(d) and Lemma 3(a)&(g), we have

d̃3 ≤
∥

∥

∥

∥

X ′
i.H

T

∥

∥

∥

∥

∥

∥

∥

∥

∥

(

H ′H

T

)+
∥

∥

∥

∥

∥

∥

∥

∥

∥

V̄ ′εj.

T

∥

∥

∥

∥

= Op

(

1√
NT

)

.

Combining the above results, we have:

X ′
i.MX̄εj.

T
=

X ′
i.MHεj.

T
+Op

(

1√
NT

)

uniformly for all i and j.

We complete the proof of (c) by further noticing that MH = MFx
. �

Lemma 5. Under Assumptions 1–4 and 6(i)–(iii), as N → ∞ we have, uniformly for all i:

(a)
Q̃′

iF1γ1i

T
= Op

(

1

N

)

+Op

(

1√
NT

)

,

(b)
Q̃′

iεi.

T
=

Q̃′
i0εi.

T
+Op

(

1√
NT

)

= Op

(

1√
T

)

,

Q̃′
iF2γ2i

T
=

Q̃′
i0F2γ2i

T
+Op

(

1

N

)

+Op

(

1√
NT

)

= Op

(

1√
T

)

+Op

(

1

N

)

,

(c)
Q̃′

iQ̃i

T
=

Q̃′
i0Q̃

′
i0

T
+Op

(

1

N

)

+Op

(

1√
NT

)

,

Q̃′
iZi.

T
=

Q̃′
i0Zi0.

T
+Op

(

1

N

)

+Op

(

1√
T

)

.

Proof. Recall that Q̃i = MX̄(IT ⊗b′i)Q and Q̃i0 = MFx
(IT ⊗b′i)Q, where Q

NT×ι
= (Q′

.1, . . . , Q
′
.T )

′,

Q.t is an N × ι matrix consisting of ι columns of (X.t,WX.t, . . . ,W
rX.t, . . .) with r being a non-

negative integer (if r = 0, then W 0 = I). To prove Lemma 5, we only need to show that they hold

for any column of Q. For this purpose, we denote a representative column of Q as

Qc = [(W rx.1,p)
′, . . . , (W rx.T,p)

′]′,

where p ∈ {1, . . . , k} and x.t,p = (x1t,p, . . . , xNt,p)
′.
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(a) First note that as N → ∞,

Q′
c(IT ⊗ bi)MX̄F1γ1i

T
=

(vec(W r(x.1,p, . . . ,x.T,p)))
′(IT ⊗ bi)MX̄F1γ1i

T

=
(vec(b′iW

r(x.1,p, . . . ,x.T,p)))
′MX̄F1γ1i

T
=

b′iW
r(x.1,p, . . . ,x.T,p)MX̄F1γ1i

T

=
wr

i (x.1,p, . . . ,x.T,p)MX̄F1γ1i

T
=

wr
i (x1.,p, . . . ,xN.,p)

′MX̄F1γ1i

T

=
N
∑

j=1

wr
ij

x′
j.,pMX̄F1

T
γ1i = Op

(

1

N

)

+Op

(

1√
NT

)

,

where wr
i is the i-th row of W r, wr

ij is the (i, j)-th element of W r, xi.,p = (xi1,p, . . . , xiT,p)
′. The

last equality follows from Lemma 4(a) and the fact that W r has bounded row sum norm while γ1i

is uniformly bounded in probability.

(b) For the first result in (b), note that as N → ∞,

Q′
c(IT ⊗ bi)MX̄εi.

T
=

(vec(W r(x.1,p, . . . ,x.T,p)))
′(IT ⊗ bi)MX̄εi.

T

=
(vec(b′iW

r(x.1,p, . . . ,x.T,p)))
′MX̄εi.

T
=

b′iW
r(x.1,p, . . . ,x.T,p)MX̄εi.

T

=
wr

i (x.1,p, . . . ,x.T,p)MX̄εi.

T
=

wr
i (x1.,p, . . . ,xN.,p)

′MX̄εi.

T

=

N
∑

j=1

wr
ij

x′
j.,pMX̄εi.

T
=

N
∑

j=1

wr
ij

x′
j.,pMFx

εi.

T
+Op

(

1√
NT

)

=
Q′

c(IT ⊗ bi)MFx
εi.

T
+Op

(

1√
NT

)

, (S.36)

where the second last equality follows from Lemma 4(c) and the assumption that W r has bounded

row sum norm, and the last equality follows from the similar arguments above. This proves the

first equality in the first result of (b). For the second equality, by (18), we have:

Q′
c(IT ⊗ bi)MFx

εi.

T
=

N
∑

j=1

wr
ij

x′
j.,pMFx

εi.

T
=

N
∑

j=1

wr
ij

v′
j.,pMFx

εi.

T

=

N
∑

j=1

wr
ij

v′
j.,pεi.

T
−

N
∑

j=1

wr
ij

v′
j.,pFx(F

′
xFx)

−1F ′
xεi.

T

=
N
∑

j=1

wr
ij

v′
j.,pεi.

T
+Op

(

1

T

)

, (S.37)

where the last equality follows from Lemma 2(c) and the fact that (F ′
xFx/T )

−1 = Op(1) under
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Assumption 1. Furthermore, under Assumptions 2 and 4, we have:

E





N
∑

j=1

wr
ij

v′
j.,pεi.

T



 = 0,

var





N
∑

j=1

wr
ij

v′
j.,pεi.

T



 =
1

T 2

N
∑

j=1

N
∑

l=1

E(wr
ijw

r
ilv

′
j.,pεi.ε

′
i.vl.,p)

=
1

T 2

N
∑

j=1

(

wr
ij

)2
E(v′

j.,pΩε,ivj.,p) ≤
(

max
j

∣

∣wr
ij

∣

∣

)

λmax(Ωε,i)
1

T 2

N
∑

j=1

∣

∣wr
ij

∣

∣

∣

∣E(v′
j.,pvj.,p)

∣

∣

≤ C

T 2

N
∑

j=1

∣

∣wr
ij

∣

∣

∣

∣

∣

∣

∣

T
∑

t=1

E(v2jt,p)

∣

∣

∣

∣

∣

≤ C

T
uniformly for all i. (S.38)

Hence, we have
N
∑

j=1

wr
ij

v′
j.,pεi.

T
= Op

(

1√
T

)

, uniformly for all i. (S.39)

By combining (S.39) with (S.37), we complete the proof of the first result in (b).

To prove the second result in (b), we use (S.36) and the second result in Lemma 4(a) to obtain:

as N → ∞,

Q′
c(IT ⊗ bi)MX̄F2γ2i

T
=

N
∑

j=1

wr
ij

x′
j.,pMFx

F2γ2i

T
+Op

(

1

N

)

+Op

(

1√
NT

)

=
Q′

c(IT ⊗ bi)MFx
F2γ2i

T
+Op

(

1

N

)

+Op

(

1√
NT

)

,

which proves the first equality. Furthermore, by Assumption 6(iii), we have

Q̃′
i0F2γ2i

T
= Op

(

1√
T

)

, uniformly for all i.

This proves the second equality.

(c) As the first result involves Q̃′
iQ̃i = Q′(IT ⊗ bi)Mx̄(IT ⊗ b′i)Q, we take another representative

column of Q denoted as

Q∗
c =

[

(W r∗x.1,p∗)
′, . . . , (W r∗x.T,p∗)

′
]′
,

where r∗ is a non-negative integer and p∗ ∈ {1, . . . , k}. We show that the result holds with Qc and

Q∗
c in place of the two Q’s. Note that as N → ∞,

Q′
c(IT ⊗ bi)MX̄(IT ⊗ b′i)Q

∗
c

T

=
(vec(W r(x.1,p, . . . ,x.T,p)))

′(IT ⊗ bi)MX̄(IT ⊗ b′i) vec(W
r∗(x.1,p∗ , . . . ,x.T,p∗))

T

18



=
(vec(b′iW

r(x.1,p, . . . ,x.T,p)))
′MX̄ vec(b′iW

r∗(x.1,p∗ , . . . ,x.T,p∗))

T

=
b′iW

r(x.1,p, . . . ,x.T,p)MX̄(x.1,p∗ , . . . ,x.T,p∗)
′W r∗′bi

T

=
wr

i (x.1,p, . . . ,x.T,p)MX̄(x.1,p∗ , . . . ,x.T,p∗)
′wr∗′

i

T

=
wr

i (x1.,p, . . . ,xN.,p)
′MX̄(x1.,p∗ , . . . ,xN.,p∗)w

r∗′
i

T

=
N
∑

j=1

N
∑

l=1

wr
ijw

r∗

il

x′
j.,pMX̄xl.,p∗

T

=

N
∑

j=1

N
∑

l=1

wr
ijw

r∗

il

x′
j.,pMFx

xl.,p∗

T
+Op

(

1

N

)

+Op

(

1√
NT

)

=
Q′

c(IT ⊗ bi)MFx
(IT ⊗ b′i)Q

∗
c

T
+Op

(

1

N

)

+Op

(

1√
NT

)

,

where the second last equality follows from Lemma 4(b) and the fact that W r has bounded row

sum norm for any non-negative integer r. This completes the proof of the first result in (c).

For the second result, we notice from (4) that

y = (INT − IT ⊗ ρW )−1[(IT ⊗B)x+ (IT ⊗ γy)fy + ε]

= (IT ⊗ (IN − ρW )−1)[(IT ⊗B)x+ (IT ⊗ γy)fy + ε]

= (IT ⊗ S−1)[(IT ⊗B)x+ (IT ⊗ γy)fy + ε],

which implies that Zi. := (y∗
i.,Xi.) can be written as:

Zi. =
(

(IT ⊗wi)(IT ⊗ S−1)[(IT ⊗B)x+ (IT ⊗ γy)fy + ε], Xi.

)

=
(

(IT ⊗ b′iWS−1)
[

(IT ⊗B)x+ (IT ⊗ γy)fy + ε
]

, Xi.

)

=
(

(IT ⊗ b′iG)
[

(IT ⊗B)x+ (IT ⊗ γy)fy + ε
]

,Xi.

)

=
(

(IT ⊗ b′iG)(IT ⊗B)x, Xi.

)

+
(

(IT ⊗ b′iG)
[

(IT ⊗ γy)fy + ε
]

, 0
)

= Zi0. +
(

(IT ⊗ b′iG)
[

(IT ⊗ γ1)f1 + ((IT ⊗ γ2)f2 + ε
]

, 0
)

,

where Zi0. =
(

(IT ⊗ b′iG)(IT ⊗B)x,Xi.

)

. Hence,

Q̃′
iZi.

T
=

Q̃′
iZi0.

T
+

Q̃′
i

(

(IT ⊗ b′iG)
[

(IT ⊗ γ1)f1 + (IT ⊗ γ2)f2 + ε
]

,0
)

T
. (S.40)

By Lemma 6, the rate of the second term on the RHS of (S.40) becomes:

(

Q̃′
i(IT ⊗ b′iG)[(IT ⊗ γ1)f1 + (IT ⊗ γ2)f2 + ε], 0

)

T
= Op

(

1

N

)

+Op

(

1√
T

)

,
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uniformly for i. We then focus on the first term, which can be written as

Q̃′
iZi0.

T
=

(

Q̃′
i(IT ⊗ b′iG)(IT ⊗B)x

T
,
Q̃′

iXi.

T

)

. (S.41)

Following the proof of the first result in (c), we show, uniformly for all i and j, that

Q̃′
iXj.

T
=

Q̃′
i0Xj.

T
+Op

(

1

N

)

+Op

(

1√
NT

)

(S.42)

Q̃′
i(IT ⊗ b′iG)(IT ⊗B)x

T

=
Q̃′

i(IT ⊗ b′iG)(IT ⊗B) vec(vec(X ′
.1), . . . , vec(X

′
.T ))

T

=
Q̃′

i(IT ⊗ b′iG) vec(B vec(X ′
.1), . . . ,B vec(X ′

.T ))

T

=
Q̃′

i(IT ⊗ b′iG) vec((X1.β1, . . . ,XN.βN )′)

T

=
Q̃′

i vec(b
′
iG(X1.β1, . . . ,XN.βN )′)

T

=
Q̃′

i(X1.β1, . . . ,XN.βN )G′bi

T
=

N
∑

j=1

Q̃′
iXj.βjgij

T

=
N
∑

j=1

gij
Q̃′

i0Xj.

T
βj +Op

(

1

N

)

+Op

(

1√
NT

)

=
Q̃′

i0(IT ⊗ b′iG)(IT ⊗B)x

T
+Op

(

1

N

)

+Op

(

1√
NT

)

, (S.43)

where gij is the ij-th element of G = WS−1. The third equality in (S.43) follows from:

vec(B vec(X ′
.1), . . . ,B vec(X ′

.T )) = vec

















β′
1x11 · · · β′

1x1T

...
. . .

...

β′
NxN1 · · · β′

NxNT

















= vec

















β′
1X

′
1.

...

β′
NX ′

N.

















,

and the second last equality follows from (S.42) and the fact that G = WS−1 has bounded row

and column sum norms by Assumption 4. Combining (S.40)–(S.43), we have

Q̃′
iZi.

T
=

Q̃′
i0Zi0.

T
+Op

(

1

N

)

+Op

(

1√
T

)

uniformly for all i. (S.44)

�
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Lemma 6. Under Assumptions 1–4 and 6(i)–(iii), as N → ∞, we have, uniformly for all i,

(a)
Q̃′

i(IT ⊗ b′iG)(IT ⊗ γ1)f1

T
= Op

(

1

N

)

+Op

(

1√
NT

)

,

(b)
Q̃′

i(IT ⊗ b′iG)(IT ⊗ γ2)f2

T
=

Q̃′

i0(IT ⊗ b′iG)(IT ⊗ γ2)f2

T
+Op

(

1

N

)

+Op

(

1√
NT

)

= Op

(

1

N

)

+Op

(

1√
T

)

,

(c)
Q̃′

i(IT ⊗ b′iG)ε

T
=

Q̃′

i0(IT ⊗ b′iG)ε

T
+Op

(

1√
NT

)

= Op

(

1√
T

)

.

Proof. Recall that Q̃i = MX̄(IT ⊗ b′i)Q and Q̃i0 = MFx
(IT ⊗ b′i)Q. As in the proof of Lemma 5,

we will show that the results in Lemma 6 hold for any column, Qc, of Q.

(a) Note that as N → ∞,

Q′
c(IT ⊗ bi)MX̄(IT ⊗ b′iG)(IT ⊗ γ1)f1

T

=
(vec(W r(x.1,p, . . . ,x.T,p)))

′(IT ⊗ bi)MX̄(IT ⊗ b′iGγ1) vec(F
′
1)

T

=
(vec(b′iW

r(x.1,p, . . . ,x.T,p)))
′MX̄ vec(b′iGγ1F

′
1)

T

=
b′iW

r(x.1,p, . . . ,x.T,p)MX̄F1γ
′
1G

′bi

T

=
wr

i (x.1,p, . . . ,x.T,p)MX̄F1γ
′
1G

′bi

T

=
wr

i (x1.,p, . . . ,xN.,p)
′MX̄F1γ

′
1G

′bi

T

=

N
∑

j=1

wr
ij

x′
j.,pMX̄F1

T
γ ′
1G

′bi =

N
∑

j=1

wr
ij

x′
j.,pMX̄F1

T
(Gγ1)

′
i = Op

(

1

N

)

+Op

(

1√
NT

)

,

as N → ∞, where wr
i is the i-th row of W r and (Gγ1)i is the ith-row of Gγ1. The last equality

follows from Lemma 4(a) and the fact that W r and G have bounded row and column sum norms

and γ1i, 1 ≤ i ≤ N , are uniformly bounded in probability.

(b) Following the same logic as in the proof of (a), we have: as N → ∞,

Q′
c(IT ⊗ bi)MX̄(IT ⊗ b′iG)(IT ⊗ γ2)f2

T

=
(vec(W r(x.1,p, . . . ,x.T,p)))

′(IT ⊗ bi)MX̄(IT ⊗ b′iGγ2) vec(F
′
2)

T

=
(vec(b′iW

r(x.1,p, . . . ,x.T,p)))
′MX̄ vec(b′iGγ2F

′
2)

T

=
b′iW
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T
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=
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′
2G

′bi

T
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T
γ ′
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T
(Gγ2)

′
i

=

N
∑

j=1
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j.,pMFx
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T
(Gγ2)

′
i +Op

(

1

N

)

+Op

(

1√
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)

(S.45)

=
Q′

c(IT ⊗ bi)MFx
(IT ⊗ b′iG)(IT ⊗ γ2)f2
T

+Op

(

1

N

)

+Op

(

1√
NT

)

,

where (Gγ2)i is the ith-row of Gγ2. The second last equality follows from the second result in

Lemma 4(a) and the assumptions that W r and G have bounded row and column sum norms and

that γ2i, 1 ≤ i ≤ N , are uniformly bounded in probability. The last equality follows from the first

few lines of the above equation. This completes the proof of the first equality in (b).

For the second equality, note that

N
∑

j=1

wr
ij

x′
j.,pMFx

F2

T
(Gγ2)

′
i =

N
∑

j=1

wr
ij
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T
(Gγ2)

′
i

=
N
∑

j=1

wr
ij

v′
j.,pF2

T
(Gγ2)

′
i −

N
∑

j=1

wr
ij

v′
j.,pFx(F

′
xFx)

−1F ′
xF2

T
(Gγ2)

′
i

=
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∑
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v′
j.,pF2

T
(Gγ2)

′
i +Op

(

1√
T

)

= Op

(

1√
T

)

, (S.46)

where the last two equalities follow from Lemma 2(c), the fact that (F ′
xFx/T )

−1 = Op(1) and

F ′
xF2/T = Op(1) under Assumption 1, and that (Gγ2)

′
i is uniformly bounded in probability over

i due to G having bounded row sum norm and γ2i, 1 ≤ i ≤ N , being uniformly bounded in

probability. Then, by combining (S.45) and (S.46), we have the second equality in (b).

(c) Similarly, we can prove (c) using Lemma 4(c) and arguments used to prove (S.39). �

Lemma 7. Under Assumptions 1–4, 6(i)–(iii), as N → ∞, we have:

(a)
1

N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF1γ1i

T
= Op

(

1

N

)

+Op

(

1√
NT

)

,

(b)
1

N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF2γ2i

T
= Op

(

1

N

)

+Op

(

1√
NT

)

,

(c)
1

N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.Πiεi.

T
= Op

(

1√
NT

)

.
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Proof. (a) In view of the definition Πi = Q̃i(Q̃
′
iQ̃i)

−1Q̃′
i, the results readily follow from Lemma

5(a)&(c), and Assumption 6(i)&(ii).

(b) Using Lemma 5(b)&(c), we have: as N → ∞,

1

N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.ΠiF2γ2i

T

=
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T
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+Op

(

1√
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)

, (S.47)

where Πi0 = Q̃i0(Q̃
′
i0Q̃i0)

−1Q̃′
i0. Under Assumption 3, γ2i, 1 ≤ i ≤ N , are i.i.d. with mean 0,

finite variance and are independent of the rest of terms in (Z ′
i0.Πi0Zi0.)

−1
Z ′

i0.Πi0F2γ2i. Hence,

E

[

1

N

N
∑

i=1

(

Z ′
i0.Πi0Zi0.

T

)−1
Z ′

i0.Πi0F2γ2i

T

]

= 0, (S.48)

and by Assumption 6(i)–(iii),

var

(
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N
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. (S.49)

By (S.48) and (S.49), we have

1

N

N
∑

i=1

(

Z ′
i0.Πi0Zi0.

T

)−1
Z ′

i0.Πi0F2γ2i

T
= Op

(

1√
NT

)

, (S.50)

which, together with (S.47), proves (b).

(c) Again using Lemma 5(b)&(c), we have, as N → ∞,

1

N

N
∑

i=1

(

Z ′
i.ΠiZi.

T

)−1
Z ′

i.Πiεi.

T
=
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T
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.
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By Assumptions 1 and 2, εi. is independently distributed over i with mean 0 and independent of

the rest of terms in (Z ′
i0.Πi0Zi0.)

−1
Z ′

i0.Πi0εi.. Furthermore, from (S.37) and (S.38), it is easily

seen that Q̃′
i0εi./

√
T has a uniformly bounded second-order moment. Following the proof of (S.50)

and by Assumption 6(i)–(ii), we can show that

1

N

N
∑

i=1

(

Z ′
i0.Πi0Zi0.

T

)−1
Z ′

i0.Πi0εi.

T
= Op

(

1√
NT

)

.

This completes the proof of (c). �

Lemma 8. Under Assumptions 1–4 and 6(i)–(iii), as N → ∞, we have:

(a)
1

N

N
∑

i=1
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iF1γ1i
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,

(b)
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=
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,
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,

(c)
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∑
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T
=
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N
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+Op

(

1

N

)

+Op

(

1√
NT

)

,
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N

N
∑

i=1

Q̃′

iZi.

T
=

1

N

N
∑

i=1

Q̃′

i0Zi0.

T
+Op

(

1

N

)

+Op

(

1√
NT

)

.

Proof. (a) This result follows directly from Lemma 5(a).

(b) As in the proof of Lemma 5, we take a representative column, Qc, from Q and show that the

results hold with Qc in place of Q. By Lemma 5(b), as N → ∞, we have:

1

N

N
∑

i=1

Q̃′
iεi.

T
=

1

N

N
∑

i=1

Q̃′
i0εi.

T
+Op

(

1√
NT

)

.

Hence, to prove the first result, we only need to show that as N → ∞,

1

N

N
∑

i=1

Q̃′
i0εi.

T
= Op

(

1√
NT

)

. (S.51)

To this end, we notice that εi. is independently distributed over i with mean 0 and independent of

Q̃i0. Hence, E
(

∑N
i=1 Q̃

′
i0εi./NT

)

= 0, and by (S.37) and (S.38),
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(

1

N
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C

T
=

C

NT
.
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This proves (S.51).

The second result can be proved by first using Lemma 5(b) and then following the same argu-

ment as in the proof of (S.50) to obtain
∑N

i=1 Q̃
′
i0F2γ2i/NT = Op

(

1/
√
NT

)

.

(c) The first result follows directly from the first result in Lemma 5(c). For the second result, note

from (S.40) and (S.41)–(S.43) that we obtain:

1

N

N
∑

i=1

Q̃′
iZi.

T
=

1

N
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∑
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i0Zi0.

T
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N
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i
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]
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T
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1
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+Op
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1√
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. (S.52)

By Lemma 6, we have

1

N
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T
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, (S.53)

1

N
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i=1
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T
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T
(S.54)

+Op
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,
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. (S.55)

Next, we will show that

1

N

N
∑

i=1

Q̃′
i0(IT ⊗ b′iG)(IT ⊗ γ2)f2

T
= Op

(

1√
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, (S.56)

1

N
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∑
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Q̃′
i0(IT ⊗ b′iG)ε

T
= Op

(

1√
NT

)

. (S.57)

Recall that Q̃i0 = MFx
(IT ⊗ b′i)Q. As in the proof of Lemma 5, we will show that (S.56) and

(S.57) hold for any representative column, Qc = [(W rx.1,p)
′, . . . , (W rx.T,p)

′]′, of Q. To this end,

we first follow the arguments in (S.45) and (S.46) and obtain:
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=:∆1 +∆2, (S.58)

where gij is the (i, j)-th element of G. Under Assumptions 1–3, vj.,p, F2(Fx) and γ2l are mutually

independent, and vj.,p and γ2l are cross-sectionally independent with a zero mean. Hence, both ∆1

and ∆2 have a zero mean. Furthermore, by Assumption 6(iii), we have

var(∆1) =
1
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∑
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∑
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where the last two inequalities follow from the fact that W r and G have bounded row and column

sum norms. Analogously, we can show that var(∆2) ≤ C/NT . This implies:

∆1 = Op

(

1√
NT

)

, ∆2 = Op

(

1√
NT

)

. (S.59)

We thus prove (S.56) by combining (S.59) with (S.58).

Along similar lines of logic, we can prove (S.57) (by replacing F2γ2l in (S.58) and the subsequent

calculation of variances with εl.). Combining (S.52) with (S.53)–(S.55), we obtain the second result

in (c). �

S4 Supplementary Monte Carlo Simulation Results

As summarised in Table 1, we consider the four experiments: Experiment 1 with homogeneous

parameters and the same factor structures; Experiment 2 with heterogeneous parameters and the

same factor structures; Experiment 3 with homogeneous parameters and the different factor struc-

tures; Experiment 4 with heterogeneous parameters and the different factor structures.

In the main text we report the simulation results for the individual and Mean Group esti-

mators only under Experiment 4. Now, we provide the complete Monte Carlo simulation results

for the finite sample performance of the individual, Mean Group and Pooled estimators, obtained

using CCEX-IV, CCE-IV and infeasible estimation procedures. Moreover, as mentioned in foot-

notes 6 and 7, we also provide simulation results for additional DGP settings where γ1i(γ2i) ∼
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IIDN(0.5, 0.5) and/or κ1 = 1 and κ2 = 2, and results for Experiment 4 are reported here. Table

S1 provides a summary of the results reported.

Table S1: List of Simulation Results

Experiment 1 Experiment 2 Experiment 3 Experiment 4
(Section S4.1) (Section S4.2) (Section S4.3) (Sections 4.1 and S4.4)

Individual
Bias & RMSE Table S2 Table S8 Table S14 Table 2
Size & Power Table S3 Table S9 Table S15 Table 4

Mean Group
Bias & RMSE Table S4 Table S10 Table S16 Table 3
Size & Power Table S5 Table S11 Table S17 Table 5

Pooled
Bias & RMSE Table S6 Table S12 Table S18 Table S20
Size & Power Table S7 Table S13 Table S19 Table S21

Additional Simulations Under Experiment 4
Non-Zero Mean Factor Loadings κ1 = 1 and κ2 = 2

(Section S4.5) (Section S4.6)

Individual
Bias & RMSE Table S23 Table S29
Size & Power Table S24 Table S30

Mean Group
Bias & RMSE Table S25 Table S31
Size & Power Table S26 Table S32

Pooled
Bias & RMSE Table S27 Table S33
Size & Power Table S28 Table S34

S4.1 Simulation Results under Experiment 1

In this section, we provide the simulation results under Experiment 1 in Tables S2 to S7. The

results for the individual and Mean Group estimators are qualitatively similar to those reported for

Experiment 4 in the main text. The biases of the CCEX-IV Mean Group estimator for (ρ, β1, β2)

are more or less negligible and close to those of the infeasible estimator in almost all cases. On the

other hand, the CCE-IV estimator tends to display non-negligible biases as h or ρ rises especially

for N = 20. In particular, if the spatial weighing matrix remains dense with h = 0.3N , then the

bias of the CCE-IV spatial coefficient does not disappear even for large N .

RMSEs of the individual and Mean Group estimators all decline with T . RMSEs for CCEX-IV

and CCE-IV are quite similar if h is fixed, suggesting that the potential efficiency gain from using

ȳt as a factor proxy does not offset the higher biases. In particular, if the spatial weighing matrix

remains dense with h = 0.3N , then RMSEs are significantly higher for CCE-IV estimator than

CCEX-IV counterparts for all the sample sizes. RMSEs for ρi decline with N if h is fixed and N

is small, while rising with N if h is varying with N whilst RMSEs for (β1i, β2i) demonstrate little

dependence on N . RMSEs for Mean Group estimator are all decreasing sharply with N .

The finite sample performances of the Pooled estimators are quantitatively similar to those

for the individual and Mean Group estimators. The CCEX-IV estimator shows quite satisfactory

performance in terms of bias, while the performance of the CCE-IV Pooled estimator still relies

crucially upon the different density of the spatial weighting matrix. RMSEs are decreasing sharply

with both N and T now, verifying Theorem 3 that the convergence rate of the Pooled estimator is√
NT .

As the sample size increases (particularly T for individual estimator), the size of the t-test for
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CCEX-IV estimators tends to the 5% nominal level in most cases. But, the t-test for the CCE-IV

spatial coefficient displays slight size distortion for small N , which does not disappear as T rises.

The powers of t-tests for CCEX-IV and CCE-IV estimators are more or less similar, and both tend

to 1 as the sample size (particularly T for individual estimator) rises if h is fixed. In the case with

h = 0.3N , the power of the individual spatial coefficient falls with N due to RMSEs increasing with

N , but rises sharply with T . Moreover, since the parameters are homogeneous now, the power for

Mean Group and Pooled estimator are much larger than those for individual estimator because of

a faster convergence rate.
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Table S2: The Finite Sample Performance of Individual Estimators under Experiment 1

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.05 0.04 -0.04 0.08 -0.07 0.03 0.01 0.00 0.03 10.00 14.63 14.74 7.53 10.87 10.87 5.19 7.59 7.62
50 0.07 0.02 -0.02 0.00 -0.04 0.06 0.00 -0.01 0.07 9.21 14.22 14.22 6.79 10.49 10.63 4.74 7.17 7.37
100 0.03 0.04 -0.02 -0.03 -0.01 0.10 -0.04 -0.03 -0.01 8.86 13.96 14.13 6.53 10.27 10.44 4.52 7.05 7.21

ρ = 0.5, h = 6
20 -0.07 -0.05 0.08 -0.08 0.01 -0.09 -0.03 0.04 0.07 21.80 14.53 14.63 16.26 10.81 10.89 11.23 7.54 7.61
50 -0.01 -0.04 0.08 -0.06 0.07 -0.01 0.00 0.05 -0.08 15.66 14.15 13.99 11.56 10.51 10.51 7.96 7.19 7.26
100 -0.03 -0.02 -0.05 -0.08 -0.06 -0.03 -0.04 -0.03 -0.01 14.50 13.92 14.00 10.62 10.27 10.30 4.52 7.05 7.21

ρ = 0.8, h = 6
20 -0.05 0.10 0.05 0.01 0.07 0.08 0.05 0.00 0.08 14.86 14.79 14.86 11.18 10.96 11.02 7.43 7.59 7.62
50 0.07 -0.09 -0.06 0.07 0.04 0.05 0.04 0.04 0.05 9.07 14.16 14.23 6.73 10.32 10.54 4.62 7.24 7.38
100 -0.01 -0.03 0.03 -0.02 -0.01 -0.03 0.01 0.02 0.08 7.99 14.01 14.16 5.84 10.22 10.47 4.05 7.08 7.23

ρ = 0.8, h = 0.3N
20 -0.07 0.06 0.02 0.08 -0.01 -0.09 -0.07 0.03 0.03 14.91 14.71 14.82 10.73 10.95 10.89 7.54 7.63 7.65
50 0.08 0.09 0.02 0.03 0.07 0.08 0.02 0.08 0.03 21.01 14.30 14.23 15.46 10.52 10.55 10.56 7.23 7.30
100 -0.04 0.01 -0.05 -0.05 -0.03 -0.09 0.03 0.04 -0.09 28.43 14.00 14.06 20.99 10.31 10.30 14.07 7.03 7.11

ρ = 0.5, h = 2

CCE-IV

20 -0.24 -0.14 -0.16 -0.22 -0.09 0.01 -0.17 -0.02 0.01 10.03 14.56 14.67 7.47 10.71 10.76 5.09 7.42 7.46
50 0.04 -0.01 -0.05 -0.02 -0.03 0.03 -0.04 -0.01 0.09 9.31 14.33 14.38 6.80 10.50 10.64 4.71 7.14 7.33
100 0.03 0.04 -0.02 -0.04 -0.02 0.12 -0.04 -0.03 0.00 9.01 14.18 14.39 6.57 10.33 10.51 4.52 7.07 7.22

ρ = 0.5, h = 6
20 -3.01 -0.21 -0.13 -2.90 -0.10 -0.38 -2.82 -0.09 -0.21 23.54 14.41 14.68 17.68 10.65 10.79 12.55 7.37 7.54
50 -0.14 -0.06 -0.18 -0.19 0.09 -0.01 -0.14 0.06 -0.09 15.85 14.28 14.18 11.61 10.51 10.53 7.94 7.13 7.22
100 -0.05 -0.03 -0.04 -0.13 -0.06 -0.04 -0.04 -0.03 0.00 14.74 14.14 14.21 10.68 10.37 10.32 4.52 7.07 7.22

ρ = 0.8, h = 6
20 -4.29 0.02 -0.38 -4.21 -0.13 -0.51 -4.03 -0.19 -0.33 19.24 14.52 14.77 14.61 10.76 10.85 10.90 7.44 7.63
50 -0.13 -0.28 -0.04 -0.13 0.05 0.15 -0.15 0.04 0.04 9.23 14.32 14.41 6.79 10.34 10.56 4.65 7.23 7.37
100 -0.04 -0.02 0.01 -0.05 -0.02 -0.04 -0.02 0.02 0.08 8.13 14.23 14.40 5.88 10.26 10.53 4.05 7.07 7.23

ρ = 0.8, h = 0.3N
20 -4.28 -0.12 -0.34 -4.07 -0.21 -0.47 -4.34 -0.17 -0.38 19.33 14.40 14.59 14.58 10.77 10.84 11.02 7.49 7.69
50 -3.23 -0.01 -0.10 -3.15 0.01 -0.02 -3.41 0.06 -0.08 25.66 14.25 14.28 19.27 10.46 10.54 13.69 7.16 7.30
100 -2.86 -0.04 -0.12 -3.08 -0.05 -0.16 -2.83 0.10 -0.15 34.55 14.06 14.15 25.81 10.37 10.31 17.63 7.03 7.11

ρ = 0.5, h = 2

Infeasible

20 0.04 -0.06 0.00 0.02 -0.08 0.07 0.02 0.01 -0.02 8.13 13.79 14.08 6.03 10.19 10.25 4.06 6.90 7.08
50 0.04 -0.05 -0.10 0.00 -0.05 0.03 0.03 -0.05 0.05 8.39 13.76 13.90 6.19 10.11 10.31 4.29 6.84 7.06
100 0.04 0.06 0.03 -0.04 0.01 0.09 -0.02 -0.02 0.01 8.49 13.74 13.98 6.22 10.07 10.29 4.30 6.88 7.04

ρ = 0.5, h = 6
20 -0.08 -0.02 0.05 -0.04 0.00 -0.04 -0.05 0.03 0.05 11.42 13.75 13.87 8.46 10.13 10.19 5.81 6.85 6.94
50 0.02 0.00 -0.01 0.04 0.08 0.00 0.03 0.01 -0.06 12.62 13.70 13.68 9.29 10.18 10.17 6.35 6.87 6.99
100 0.02 0.01 -0.02 -0.05 -0.06 -0.01 -0.02 -0.02 0.01 13.03 13.72 13.79 9.60 10.11 10.13 4.30 6.88 7.04

ρ = 0.8, h = 6
20 -0.03 0.06 0.01 0.01 0.05 -0.05 0.04 -0.06 0.05 5.58 13.75 14.12 4.12 10.14 10.34 2.77 6.87 7.03
50 0.07 0.04 -0.05 0.03 0.05 0.03 0.01 0.00 0.02 6.49 13.73 13.93 4.85 9.95 10.27 3.29 6.90 7.09
100 -0.01 0.01 0.02 -0.02 0.01 0.02 0.01 0.03 0.07 6.81 13.77 13.95 5.01 10.05 10.35 3.46 6.90 7.11

ρ = 0.8, h = 0.3N
20 0.00 0.04 0.07 0.02 -0.02 -0.08 -0.02 0.00 0.02 5.57 13.66 14.03 4.14 10.22 10.35 2.80 6.91 7.05
50 -0.06 0.02 -0.04 0.04 0.08 0.05 -0.03 0.07 0.08 8.49 13.65 13.77 6.28 10.11 10.22 4.24 6.85 7.00
100 -0.01 0.01 -0.03 -0.03 -0.05 -0.08 0.05 0.03 -0.06 11.87 13.62 13.75 8.72 10.10 10.12 5.88 6.85 6.92

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S3: The Size and Power for Individual Estimators under Experiment 1

Size Power
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.079 0.090 0.091 0.073 0.077 0.073 0.065 0.073 0.066 0.526 0.261 0.269 0.720 0.437 0.453 0.941 0.729 0.739
50 0.079 0.085 0.083 0.067 0.070 0.071 0.064 0.058 0.065 0.564 0.288 0.281 0.793 0.471 0.468 0.974 0.789 0.758
100 0.077 0.081 0.081 0.064 0.068 0.067 0.056 0.056 0.056 0.582 0.287 0.290 0.822 0.482 0.484 0.982 0.794 0.790

ρ = 0.5, h = 6
20 0.072 0.073 0.073 0.045 0.066 0.070 0.052 0.065 0.067 0.226 0.276 0.278 0.323 0.448 0.428 0.502 0.737 0.724
50 0.066 0.082 0.078 0.057 0.074 0.070 0.057 0.061 0.062 0.286 0.281 0.287 0.437 0.467 0.485 0.725 0.799 0.785
100 0.071 0.081 0.079 0.061 0.066 0.067 0.056 0.056 0.056 0.309 0.286 0.296 0.484 0.494 0.479 0.982 0.794 0.790

ρ = 0.8, h = 6
20 0.075 0.060 0.063 0.050 0.059 0.059 0.052 0.057 0.062 0.485 0.265 0.247 0.620 0.427 0.429 0.800 0.743 0.728
50 0.061 0.074 0.074 0.051 0.059 0.063 0.051 0.063 0.060 0.653 0.280 0.283 0.828 0.487 0.474 0.968 0.759 0.774
100 0.068 0.075 0.074 0.054 0.063 0.066 0.049 0.055 0.058 0.709 0.294 0.291 0.886 0.481 0.468 0.990 0.790 0.780

ρ = 0.8, h = 0.3N
20 0.076 0.059 0.061 0.048 0.058 0.057 0.052 0.062 0.061 0.489 0.260 0.261 0.635 0.423 0.433 0.794 0.731 0.724
50 0.060 0.053 0.053 0.053 0.050 0.051 0.051 0.051 0.053 0.336 0.272 0.282 0.445 0.449 0.446 0.606 0.758 0.752
100 0.064 0.045 0.047 0.047 0.044 0.044 0.051 0.047 0.044 0.248 0.269 0.273 0.327 0.460 0.459 0.482 0.791 0.780

ρ = 0.5, h = 2

CCE-IV

20 0.071 0.083 0.082 0.067 0.070 0.066 0.058 0.063 0.061 0.520 0.264 0.275 0.727 0.450 0.464 0.950 0.750 0.764
50 0.076 0.081 0.079 0.064 0.068 0.068 0.058 0.058 0.061 0.556 0.288 0.277 0.792 0.464 0.470 0.976 0.788 0.762
100 0.075 0.079 0.078 0.063 0.066 0.064 0.055 0.056 0.057 0.570 0.287 0.285 0.815 0.483 0.482 0.982 0.788 0.788

ρ = 0.5, h = 6
20 0.043 0.064 0.064 0.037 0.057 0.060 0.040 0.056 0.061 0.219 0.277 0.276 0.303 0.455 0.426 0.480 0.752 0.735
50 0.062 0.077 0.074 0.055 0.068 0.067 0.055 0.058 0.057 0.278 0.276 0.285 0.434 0.475 0.477 0.724 0.799 0.793
100 0.068 0.079 0.077 0.061 0.064 0.064 0.055 0.056 0.057 0.305 0.283 0.286 0.480 0.497 0.478 0.982 0.788 0.788

ρ = 0.8, h = 6
20 0.031 0.049 0.052 0.034 0.047 0.049 0.034 0.045 0.049 0.442 0.264 0.253 0.553 0.422 0.425 0.689 0.735 0.712
50 0.047 0.069 0.071 0.046 0.056 0.060 0.048 0.060 0.058 0.641 0.278 0.279 0.823 0.486 0.467 0.969 0.762 0.773
100 0.055 0.073 0.071 0.051 0.061 0.065 0.048 0.055 0.056 0.698 0.287 0.286 0.888 0.477 0.460 0.991 0.790 0.781

ρ = 0.8, h = 0.3N
20 0.030 0.047 0.050 0.034 0.048 0.049 0.036 0.050 0.052 0.449 0.261 0.245 0.560 0.418 0.421 0.683 0.721 0.710
50 0.038 0.046 0.048 0.031 0.045 0.045 0.037 0.046 0.048 0.319 0.262 0.266 0.407 0.431 0.431 0.562 0.746 0.730
100 0.034 0.040 0.042 0.036 0.039 0.040 0.040 0.039 0.041 0.238 0.259 0.260 0.316 0.446 0.445 0.443 0.774 0.754

ρ = 0.5, h = 2

Infeasible

20 0.075 0.080 0.077 0.065 0.064 0.060 0.048 0.052 0.050 0.636 0.288 0.285 0.851 0.482 0.488 0.993 0.801 0.792
50 0.074 0.077 0.074 0.058 0.062 0.061 0.053 0.050 0.054 0.613 0.298 0.297 0.851 0.484 0.480 0.988 0.815 0.792
100 0.073 0.077 0.077 0.059 0.063 0.059 0.052 0.049 0.051 0.606 0.296 0.296 0.847 0.492 0.492 0.988 0.810 0.806

ρ = 0.5, h = 6
20 0.073 0.079 0.076 0.059 0.063 0.064 0.051 0.049 0.050 0.401 0.284 0.299 0.629 0.482 0.469 0.897 0.814 0.800
50 0.070 0.076 0.073 0.057 0.064 0.062 0.051 0.050 0.051 0.361 0.294 0.302 0.551 0.497 0.503 0.862 0.814 0.809
100 0.071 0.077 0.076 0.058 0.066 0.062 0.052 0.049 0.051 0.351 0.294 0.298 0.547 0.503 0.493 0.988 0.810 0.806

ρ = 0.8, h = 6
20 0.070 0.074 0.079 0.058 0.061 0.061 0.045 0.049 0.049 0.881 0.296 0.285 0.985 0.466 0.490 1.000 0.816 0.782
50 0.062 0.073 0.071 0.055 0.055 0.059 0.048 0.050 0.048 0.819 0.299 0.295 0.954 0.511 0.483 0.999 0.801 0.804
100 0.062 0.074 0.072 0.055 0.060 0.061 0.049 0.050 0.054 0.789 0.299 0.292 0.945 0.487 0.478 0.999 0.809 0.788

ρ = 0.8, h = 0.3N
20 0.066 0.073 0.074 0.056 0.064 0.060 0.047 0.049 0.050 0.888 0.293 0.294 0.985 0.473 0.481 1.000 0.807 0.791
50 0.057 0.073 0.071 0.050 0.059 0.061 0.046 0.050 0.054 0.665 0.296 0.295 0.858 0.485 0.469 0.990 0.805 0.788
100 0.045 0.067 0.068 0.046 0.057 0.057 0.048 0.047 0.048 0.463 0.300 0.306 0.654 0.495 0.491 0.911 0.819 0.809

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa
i = θi + 0.2.
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Table S4: The Finite Sample Performance of Mean Group Estimators under Experiment 1

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 -0.07 0.05 -0.06 0.04 0.10 -0.03 -0.05 0.04 -0.09 7.61 5.21 5.05 6.16 3.87 3.86 4.13 2.70 2.66
50 -0.07 0.04 -0.03 -0.07 -0.07 -0.03 -0.06 0.01 0.07 5.09 3.31 3.15 3.43 2.42 2.32 2.30 1.64 1.67
100 0.07 -0.08 0.08 -0.05 -0.08 -0.03 0.09 0.04 0.01 3.26 2.27 2.16 2.35 1.72 1.70 1.57 1.13 1.11

ρ = 0.5, h = 6
20 0.02 -0.09 -0.02 -0.08 0.08 0.03 -0.01 0.07 0.03 10.33 5.63 5.59 8.34 4.03 4.05 5.93 2.77 2.61
50 0.05 0.06 -0.05 -0.02 0.06 -0.09 -0.08 -0.08 -0.07 8.66 3.29 3.25 6.22 2.37 2.32 4.03 1.67 1.64
100 0.06 -0.05 0.04 0.06 -0.04 -0.04 -0.09 0.06 -0.07 5.51 2.24 2.24 3.74 1.61 1.72 2.72 1.11 1.17

ρ = 0.8, h = 6
20 0.06 -0.06 -0.06 0.06 0.03 0.03 0.07 0.05 0.05 6.18 7.11 5.22 4.53 4.46 4.65 2.76 2.84 2.77
50 0.05 -0.03 -0.04 0.07 -0.01 0.01 -0.02 -0.01 -0.04 5.25 3.39 3.39 3.56 2.40 2.35 2.41 1.66 1.62
100 -0.06 0.03 0.01 -0.02 -0.05 -0.06 -0.08 0.03 0.02 3.54 2.37 2.37 2.25 1.72 1.67 1.35 1.18 1.11

ρ = 0.8, h = 0.3N
20 0.02 0.10 0.03 -0.02 -0.03 -0.09 0.00 0.05 -0.04 6.14 5.09 5.31 4.47 3.84 3.67 2.60 2.67 2.76
50 -0.05 0.01 -0.06 -0.02 -0.05 0.04 0.02 -0.08 -0.06 5.99 3.37 3.05 3.56 2.26 2.33 2.42 1.70 1.69
100 0.06 0.05 -0.07 -0.04 -0.04 -0.01 0.00 -0.07 -0.05 5.39 2.23 2.28 3.36 1.61 1.61 2.15 1.11 1.03

ρ = 0.5, h = 2

CCE-IV

20 0.15 0.13 0.14 -0.18 0.09 0.00 -0.23 0.13 -0.07 8.09 5.15 5.06 6.03 3.87 3.82 4.08 2.70 2.64
50 -0.27 0.07 0.19 -0.15 -0.07 -0.01 -0.06 0.01 0.07 4.95 3.36 3.14 3.43 2.44 2.32 2.32 1.63 1.68
100 0.12 -0.06 0.09 -0.05 -0.09 -0.02 0.09 0.04 0.01 3.22 2.31 2.18 2.37 1.73 1.70 1.58 1.14 1.12

ρ = 0.5, h = 6
20 -3.11 -0.32 -0.08 -3.00 0.08 0.05 -2.80 -0.09 -0.01 10.35 5.10 5.05 8.44 3.86 3.84 5.42 2.70 2.58
50 -0.09 0.08 -0.06 -0.15 0.10 -0.08 -0.22 -0.08 -0.06 8.21 3.21 3.21 5.87 2.38 2.32 3.94 1.67 1.63
100 0.03 -0.01 0.02 -0.11 -0.04 -0.04 -0.10 0.07 -0.07 5.43 2.27 2.28 3.73 1.60 1.73 2.69 1.12 1.17

ρ = 0.8, h = 6
20 -4.17 -0.26 -0.09 -4.48 -0.21 0.01 -4.37 -0.07 0.06 7.15 5.05 5.26 6.61 3.76 3.79 5.51 2.67 2.64
50 -0.22 -0.06 -0.03 -0.09 -0.02 -0.01 -0.23 -0.03 -0.05 5.33 3.33 3.26 3.45 2.37 2.32 2.33 1.63 1.60
100 0.09 0.04 0.02 -0.10 -0.04 -0.10 -0.11 0.03 0.03 3.19 2.30 2.33 2.20 1.72 1.70 1.34 1.17 1.10

ρ = 0.8, h = 0.3N
20 -4.68 -0.24 -0.38 -4.45 -0.15 -0.37 -4.30 -0.18 -0.42 8.44 4.97 5.19 6.35 3.75 3.66 5.39 2.66 2.72
50 -3.82 -0.03 -0.15 -3.84 -0.07 -0.22 -3.92 -0.12 -0.23 6.60 3.22 3.01 5.56 2.21 2.28 4.56 1.71 1.72
100 -3.43 0.20 -0.13 -3.50 -0.14 -0.09 -3.60 -0.11 -0.04 6.27 2.21 2.24 5.38 1.61 1.60 4.20 1.11 1.03

ρ = 0.5, h = 2

Infeasible

20 -0.01 0.04 0.08 -0.08 0.09 -0.06 -0.04 -0.02 -0.09 6.49 5.15 4.87 4.87 3.75 3.56 3.24 2.63 2.48
50 -0.06 0.00 -0.06 -0.09 -0.06 0.00 -0.01 0.03 0.05 4.54 3.23 3.08 3.19 2.36 2.20 2.07 1.63 1.60
100 0.11 -0.11 0.09 -0.08 -0.05 -0.06 0.09 0.02 0.01 3.17 2.23 2.16 2.27 1.71 1.64 1.56 1.12 1.11

ρ = 0.5, h = 6
20 -0.04 -0.09 0.05 0.07 0.04 0.07 -0.01 0.07 -0.02 9.64 5.02 4.79 6.97 3.70 3.59 4.70 2.58 2.44
50 0.03 0.01 -0.08 -0.04 0.03 0.09 -0.04 -0.03 -0.02 6.68 3.12 3.12 4.88 2.37 2.24 3.15 1.68 1.60
100 0.05 0.02 -0.07 0.05 0.05 -0.06 -0.03 0.05 0.03 5.18 2.07 2.13 3.43 1.53 1.52 2.58 1.12 1.09

ρ = 0.8, h = 6
20 0.06 -0.05 -0.10 0.01 0.09 -0.01 0.03 0.05 0.10 4.97 5.05 5.05 3.23 3.65 3.68 2.13 2.60 2.51
50 0.03 -0.07 -0.02 0.02 0.00 0.00 -0.04 -0.02 -0.01 3.90 3.34 3.16 2.45 2.35 2.29 1.72 1.63 1.52
100 0.04 -0.01 0.01 0.10 -0.09 -0.05 -0.06 0.02 0.03 2.79 2.32 2.29 1.90 1.72 1.63 1.22 1.16 1.05

ρ = 0.8, h = 0.3N
20 -0.02 0.06 0.06 -0.01 -0.04 -0.08 -0.02 0.03 -0.07 4.92 4.65 4.87 3.35 3.56 3.50 1.99 2.54 2.63
50 -0.02 -0.01 -0.05 -0.07 0.02 -0.04 0.03 -0.05 -0.08 3.96 3.21 2.98 2.73 2.16 2.18 1.94 1.68 1.72
100 0.05 -0.01 -0.05 -0.03 -0.01 0.01 0.03 -0.05 -0.05 2.90 2.20 2.13 2.35 1.57 1.59 1.37 1.08 1.01

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S5: The Size and Power for Mean Group Estimators under Experiment 1

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.062 0.064 0.065 0.068 0.067 0.066 0.054 0.067 0.061 0.960 0.828 0.816 1.000 0.974 0.986 1.000 1.000 1.000
50 0.065 0.065 0.056 0.059 0.047 0.061 0.054 0.066 0.074 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.043 0.059 0.041 0.060 0.066 0.060 0.058 0.060 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.064 0.072 0.057 0.057 0.073 0.052 0.064 0.074 0.061 0.582 0.830 0.838 0.818 0.958 0.966 0.989 1.000 1.000
50 0.057 0.068 0.058 0.059 0.064 0.054 0.054 0.054 0.050 0.985 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.049 0.056 0.048 0.042 0.074 0.056 0.046 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.080 0.054 0.061 0.069 0.069 0.066 0.050 0.071 0.058 0.598 0.809 0.821 0.932 0.968 0.973 0.997 1.000 1.000
50 0.069 0.048 0.056 0.048 0.052 0.055 0.068 0.054 0.052 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.063 0.048 0.066 0.052 0.056 0.056 0.048 0.060 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.063 0.061 0.074 0.068 0.056 0.062 0.056 0.077 0.061 0.775 0.801 0.813 0.918 0.960 0.968 0.995 1.000 1.000
50 0.056 0.066 0.050 0.048 0.044 0.062 0.060 0.055 0.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.060 0.062 0.046 0.044 0.050 0.055 0.050 0.040 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.062 0.070 0.064 0.072 0.061 0.076 0.069 0.070 0.083 0.958 0.808 0.818 0.970 0.988 1.000 1.000 1.000 1.000
50 0.061 0.058 0.054 0.057 0.052 0.056 0.050 0.058 0.082 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.041 0.065 0.039 0.060 0.076 0.058 0.060 0.062 0.052 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.068 0.070 0.076 0.064 0.078 0.073 0.075 0.068 0.072 0.556 0.824 0.788 0.688 0.956 0.954 0.965 1.000 1.000
50 0.059 0.066 0.058 0.060 0.066 0.053 0.056 0.066 0.054 0.970 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.053 0.054 0.052 0.042 0.074 0.046 0.050 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.087 0.063 0.066 0.085 0.065 0.073 0.095 0.072 0.066 0.604 0.734 0.785 0.848 0.970 0.972 0.970 1.000 1.000
50 0.069 0.062 0.046 0.063 0.053 0.058 0.060 0.052 0.052 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.060 0.042 0.060 0.050 0.066 0.060 0.032 0.062 0.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.080 0.065 0.080 0.092 0.070 0.064 0.097 0.073 0.066 0.610 0.764 0.741 0.856 0.964 0.940 0.985 1.000 1.000
50 0.068 0.070 0.052 0.102 0.046 0.056 0.105 0.069 0.072 0.875 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.054 0.060 0.050 0.102 0.044 0.064 0.097 0.062 0.059 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

Infeasible

20 0.057 0.074 0.057 0.061 0.065 0.067 0.052 0.065 0.067 0.998 0.876 0.871 1.000 0.999 1.000 1.000 1.000 1.000
50 0.056 0.062 0.056 0.056 0.054 0.039 0.062 0.070 0.066 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.046 0.050 0.046 0.056 0.058 0.056 0.064 0.058 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.068 0.062 0.055 0.082 0.070 0.059 0.067 0.072 0.069 0.946 0.838 0.857 0.999 1.000 1.000 1.000 1.000 1.000
50 0.067 0.055 0.049 0.052 0.070 0.050 0.052 0.074 0.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.042 0.049 0.052 0.048 0.054 0.072 0.054 0.044 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.071 0.059 0.067 0.059 0.066 0.071 0.051 0.065 0.067 0.996 0.856 0.843 1.000 1.000 1.000 1.000 1.000 1.000
50 0.071 0.052 0.048 0.056 0.050 0.042 0.058 0.048 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.062 0.054 0.057 0.050 0.060 0.056 0.048 0.050 0.052 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.062 0.051 0.051 0.060 0.050 0.056 0.057 0.058 0.059 1.000 0.875 0.865 1.000 1.000 1,000 1.000 1.000 1.000
50 0.052 0.056 0.054 0.042 0.044 0.058 0.050 0.065 0.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.048 0.054 0.052 0.048 0.044 0.054 0.050 0.055 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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Table S6: The Finite Sample Performance of Pooled Estimators under Experiment 1

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 -0.02 -0.01 0.03 0.04 0.01 -0.04 -0.03 0.09 -0.08 6.97 4.70 4.51 5.51 3.62 3.67 3.80 2.62 2.59
50 -0.04 -0.01 0.08 -0.08 -0.06 -0.03 -0.04 0.00 0.06 4.13 3.02 2.85 3.23 2.31 2.20 2.19 1.58 1.63
100 0.09 -0.05 0.07 -0.07 -0.09 -0.03 0.06 0.02 0.00 2.76 2.06 2.00 2.16 1.58 1.64 1.55 1.09 1.11

ρ = 0.5, h = 6
20 0.01 -0.06 -0.10 -0.02 0.01 0.05 0.07 0.03 -0.02 14.88 4.75 4.62 10.71 3.72 3.64 7.54 2.60 2.53
50 -0.02 -0.07 -0.08 -0.01 0.09 -0.03 -0.06 -0.09 -0.06 6.99 2.88 2.83 5.48 2.26 2.17 3.73 1.62 1.60
100 -0.01 0.03 -0.01 0.02 -0.07 -0.02 -0.06 0.04 -0.04 4.57 2.00 2.09 3.38 1.59 1.64 2.57 1.08 1.13

ρ = 0.8, h = 6
20 0.06 -0.09 -0.09 -0.06 -0.05 0.02 0.02 0.04 0.07 10.52 4.54 4.69 7.44 3.57 3.66 5.28 2.65 2.61
50 0.07 -0.03 -0.05 -0.02 -0.07 0.02 -0.05 -0.04 -0.02 4.28 2.94 2.91 3.08 2.19 2.18 2.13 1.59 1.55
100 0.00 -0.01 -0.04 0.01 -0.07 -0.06 -0.05 0.01 0.03 2.59 1.99 2.06 2.05 1.65 1.60 1.31 1.13 1.06

ρ = 0.8, h = 0.3N
20 0.03 -0.06 0.05 -0.08 -0.07 0.01 -0.02 0.02 0.00 10.43 4.53 4.64 7.57 3.64 3.51 5.33 2.64 2.68
50 -0.06 0.02 -0.04 -0.08 0.00 -0.05 0.03 -0.06 -0.08 9.89 2.94 2.83 5.96 2.12 2.16 3.19 1.67 1.64
100 -0.05 0.08 -0.09 0.06 -0.10 -0.01 -0.08 -0.06 0.01 9.12 2.04 1.99 3.88 1.51 1.54 2.04 1.12 1.04

ρ = 0.5, h = 2

CCE-IV

20 -0.18 -0.06 0.04 -0.17 -0.01 -0.05 -0.24 0.07 -0.11 7.14 4.73 4.61 5.54 3.67 3.68 3.81 2.63 2.60
50 -0.12 -0.04 0.05 -0.14 -0.06 -0.02 -0.03 0.00 0.06 4.18 3.10 2.92 3.22 2.33 2.20 2.20 1.57 1.65
100 0.11 -0.03 0.06 -0.06 -0.10 -0.04 0.05 0.02 0.00 2.82 2.09 2.03 2.18 1.59 1.66 1.55 1.09 1.12

ρ = 0.5, h = 6
20 -1.46 -0.13 -0.14 -1.27 -0.05 0.06 -1.21 -0.06 -0.03 15.57 4.82 4.64 10.97 3.73 3.67 7.80 2.60 2.55
50 -0.14 -0.09 -0.09 -0.09 0.08 -0.03 -0.24 -0.09 -0.06 7.22 2.93 2.82 5.45 2.27 2.21 3.70 1.62 1.60
100 -0.03 0.02 -0.04 -0.08 -0.08 -0.03 -0.08 0.05 -0.04 4.67 2.04 2.12 3.42 1.60 1.65 2.57 1.09 1.13

ρ = 0.8, h = 6
20 -1.60 -0.23 -0.09 -1.57 -0.15 0.01 -1.70 -0.06 0.10 11.28 4.58 4.75 8.08 3.59 3.67 5.93 2.66 2.61
50 -0.13 -0.05 -0.06 0.11 -0.09 0.03 -0.17 -0.06 -0.04 4.40 2.97 2.92 3.15 2.21 2.18 2.16 1.59 1.54
100 0.03 -0.02 -0.04 -0.08 -0.07 -0.08 -0.07 0.01 0.03 2.62 2.02 2.09 2.05 1.66 1.63 1.31 1.13 1.07

ρ = 0.8, h = 0.3N
20 -1.81 -0.22 -0.32 -1.43 -0.36 -0.17 -1.84 -0.08 -0.22 10.29 4.64 4.78 7.59 3.68 3.52 5.95 2.64 2.70
50 -1.82 0.07 -0.07 -1.44 -0.11 -0.17 -1.47 -0.08 -0.21 9.92 2.95 2.86 5.92 2.15 2.17 3.65 1.68 1.66
100 -1.18 0.05 -0.12 -1.24 -0.08 -0.06 -1.10 -0.08 -0.02 9.45 2.07 2.06 3.90 1.53 1.54 2.47 1.12 1.05

ρ = 0.5, h = 2

Infeasible

20 0.08 -0.05 0.02 0.00 0.02 -0.05 -0.01 0.07 -0.13 5.66 4.69 4.43 4.55 3.55 3.50 3.04 2.55 2.41
50 -0.04 -0.04 0.07 -0.07 -0.07 -0.04 0.03 0.03 0.06 3.83 2.96 2.81 3.00 2.27 2.08 1.99 1.56 1.56
100 0.06 -0.06 0.06 -0.10 -0.06 -0.06 0.06 0.02 0.01 2.65 2.05 1.99 2.08 1.57 1.59 1.54 1.08 1.10

ρ = 0.5, h = 6
20 0.00 -0.08 0.06 0.06 -0.06 0.07 0.08 0.04 -0.04 9.10 4.60 4.39 6.37 3.55 3.42 4.52 2.54 2.36
50 0.03 -0.07 -0.13 -0.01 0.02 -0.08 -0.01 -0.06 0.01 5.75 2.84 2.81 4.51 2.24 2.10 2.98 1.62 1.58
100 0.03 0.03 -0.04 0.07 -0.05 -0.01 -0.04 0.03 -0.02 4.15 2.01 2.06 3.05 1.58 1.61 2.31 1.06 1.10

ρ = 0.8, h = 6
20 -0.01 -0.10 -0.07 -0.03 0.01 -0.09 0.07 0.03 0.07 4.36 4.45 4.54 3.12 3.51 3.50 2.10 2.52 2.46
50 0.04 -0.06 -0.07 0.05 -0.06 0.01 -0.04 -0.06 0.00 3.05 2.92 2.84 2.26 2.19 2.15 1.60 1.59 1.47
100 0.00 -0.03 -0.02 0.05 -0.09 -0.07 -0.04 0.00 0.04 2.25 1.99 2.03 1.74 1.65 1.58 1.14 1.11 1.05

ρ = 0.8, h = 0.3N
20 0.07 -0.08 0.06 -0.03 -0.04 -0.03 -0.03 0.06 -0.07 4.85 4.37 4.52 3.49 3.41 3.38 1.99 2.53 2.59
50 -0.06 -0.01 0.05 -0.02 0.02 0.04 0.02 -0.09 0.04 3.87 2.94 2.76 2.26 2.06 2.11 1.64 1.70 1.66
100 -0.02 0.04 -0.02 -0.04 -0.09 0.01 0.07 -0.03 0.03 2.81 2.07 1.99 1.35 1.50 1.53 1.05 1.10 1.03

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S7: The Size and Power for Pooled Estimators under Experiment 1

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.068 0.075 0.077 0.079 0.072 0.074 0.065 0.054 0.055 0.986 0.892 0.901 1.000 0.993 0.995 1.000 1.000 1.000
50 0.062 0.063 0.060 0.071 0.059 0.062 0.052 0.058 0.066 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.046 0.050 0.041 0.050 0.058 0.054 0.054 0.056 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.073 0.074 0.076 0.068 0.072 0.074 0.061 0.058 0.058 0.682 0.916 0.899 0.813 0.975 0.975 1.000 1.000 1.000
50 0.060 0.065 0.057 0.071 0.067 0.045 0.050 0.060 0.052 0.975 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.051 0.053 0.062 0.052 0.052 0.072 0.050 0.056 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.076 0.067 0.072 0.062 0.080 0.081 0.065 0.060 0.066 0.890 0.872 0.902 0.973 0.955 0.983 1.000 1.000 1.000
50 0.073 0.060 0.064 0.053 0.049 0.056 0.062 0.056 0.052 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.064 0.041 0.056 0.072 0.064 0.072 0.052 0.068 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.067 0.067 0.074 0.076 0.078 0.064 0.067 0.058 0.062 0.875 0.875 0.885 0.981 0.962 0.975 1.000 1.000 1.000
50 0.058 0.066 0.068 0.052 0.058 0.074 0.065 0.060 0.070 0.913 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.054 0.058 0.060 0.036 0.052 0.050 0.050 0.065 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.089 0.087 0.086 0.085 0.088 0.078 0.077 0.078 0.092 0.980 0.863 0.887 1.000 0.991 0.985 1.000 1.000 1.000
50 0.078 0.065 0.070 0.072 0.060 0.062 0.062 0.072 0.082 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.054 0.045 0.058 0.064 0.058 0.078 0.048 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.082 0.092 0.081 0.073 0.082 0.082 0.083 0.071 0.083 0.616 0.852 0.893 0.765 0.955 0.960 1.000 1.000 1.000
50 0.062 0.060 0.056 0.063 0.067 0.054 0.050 0.074 0.052 0.965 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.051 0.060 0.052 0.050 0.062 0.056 0.052 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.087 0.065 0.078 0.070 0.089 0.098 0.084 0.087 0.086 0.862 0.843 0.640 0.935 0.940 0.968 1.000 1.000 1.000
50 0.080 0.064 0.059 0.065 0.056 0.056 0.056 0.052 0.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.066 0.048 0.057 0.074 0.080 0.074 0.056 0.064 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.082 0.079 0.082 0.086 0.092 0.076 0.103 0.087 0.089 0.831 0.832 0.861 0.941 0.953 0.969 1.000 1.000 1.000
50 0.070 0.070 0.070 0.074 0.064 0.068 0.115 0.075 0.060 0.887 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.060 0.052 0.066 0.076 0.056 0.054 0.065 0.050 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

Infeasible

20 0.065 0.083 0.080 0.076 0.072 0.074 0.056 0.053 0.050 0.998 0.914 0.921 1.000 1.000 1.000 1.000 1.000 1.000
50 0.063 0.061 0.054 0.061 0.055 0.044 0.050 0.058 0.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.047 0.051 0.046 0.048 0.056 0.054 0.050 0.048 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.074 0.073 0.065 0.079 0.065 0.065 0.060 0.060 0.065 0.974 0.908 0.886 1.000 0.998 1.000 1.000 1.000 1.000
50 0.066 0.059 0.058 0.055 0.060 0.051 0.048 0.062 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.052 0.048 0.053 0.050 0.054 0.062 0.056 0.046 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.078 0.071 0.077 0.061 0.076 0.086 0.060 0.061 0.051 0.993 0.908 0.894 1.000 1.000 1.000 1.000 1.000 1.000
50 0.062 0.056 0.064 0.055 0.047 0.054 0.056 0.056 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.065 0.047 0.059 0.064 0.054 0.060 0.046 0.052 0.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.066 0.065 0.073 0.086 0.064 0.068 0.067 0.056 0.060 0.999 0.903 0.931 1.000 1.000 1.000 1.000 1.000 1.000
50 0.060 0.070 0.054 0.046 0.044 0.064 0.060 0.054 0.065 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.044 0.060 0.054 0.050 0.050 0.054 0.060 0.065 0.055 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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S4.2 Simulation Results under Experiment 2

In this section, we provide the simulation results under Experiment 2 in Tables S8 to S13. The

results for the individual and Mean Group estimators are qualitatively similar to those reported

for Experiment 4 in the main text as well as those reported for Experiment 1 in Section S4.1.

We now focus on analysing the performance of the Pooled estimator under parameter hetero-

geneity. From Table S12 we find that the Pooled estimators for (ρ, β1, β2) all exhibit large biases,

which do not disappear even as N or T rises. This verifies Theorem 3 that the Pooled estimator is

inconsistent if the parameters are heterogeneous.

As analysed in the proof of Theorem 3, the bias is caused by the interplay between ξρi and ỹ∗it
because the latter contains ρi and thus ξρi . Therefore, we expect that the bias will increase with

the variance of ξρi . To show this, we provide the bias results of the CCEX-IV Pooled estimator

under the different values of var(ξρi) by generating ξρi from Uniform distributions with different

upper/lower bounds, and ρ = 0.5 and h = 2 in Table S22 in Section S4.4 under Experiment 4. It

shows that the bias of the Pooled estimator rises with var(ξρi) in particular for the estimation of

ρ.

As a result of the biased estimation, the Pooled estimators suffer from severe size distortions

which do not disappear even as the sample size increases.
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Table S8: The Finite Sample Performance of Individual Estimators under Experiment 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.02 -0.06 0.06 0.00 -0.03 -0.02 -0.07 -0.01 0.00 10.04 14.61 14.63 7.51 10.95 10.93 5.20 7.69 7.68
50 -0.02 0.01 -0.06 0.01 -0.03 0.06 0.01 0.05 -0.04 9.19 14.16 14.44 6.76 10.57 10.77 4.56 7.31 7.29
100 -0.04 0.01 -0.06 0.01 -0.08 -0.03 -0.02 0.03 0.06 8.60 14.10 14.43 6.68 10.41 10.44 4.36 6.98 7.26

ρ = 0.5, h = 6
20 -0.07 0.08 -0.10 0.03 -0.06 -0.04 0.05 0.07 -0.03 20.70 14.49 14.61 16.52 11.00 10.83 11.62 7.53 7.64
50 -0.07 -0.02 -0.07 -0.06 -0.05 -0.01 0.05 -0.08 0.01 15.30 14.23 14.14 11.68 10.48 10.56 8.06 7.14 7.18
100 0.01 0.03 -0.02 0.01 -0.05 0.04 0.01 0.01 0.03 14.50 13.99 13.93 10.41 10.35 10.25 7.42 7.02 7.04

ρ = 0.8, h = 6
20 0.07 0.02 0.10 0.02 -0.02 -0.02 -0.03 0.02 -0.07 17.94 15.02 14.91 11.35 10.96 10.98 7.80 7.76 7.69
50 0.03 -0.01 -0.05 -0.02 0.02 -0.09 0.01 -0.01 -0.07 9.29 14.26 14.36 6.24 10.42 10.61 4.41 7.31 7.43
100 0.02 0.01 -0.08 -0.01 0.04 -0.03 0.01 -0.03 -0.04 7.79 14.00 14.21 6.01 10.25 10.61 3.79 7.14 7.21

ρ = 0.8, h = 0.3N
20 0.06 -0.06 -0.09 -0.09 -0.01 -0.02 -0.02 0.08 0.06 15.57 14.98 14.80 10.88 11.07 11.03 6.92 7.68 7.63
50 0.07 -0.05 -0.05 -0.08 0.04 0.04 -0.01 0.04 -0.08 21.55 14.41 14.44 15.89 10.60 10.60 10.62 7.31 7.29
100 0.08 0.06 0.03 -0.07 0.03 -0.04 0.11 0.06 0.01 25.48 14.07 14.18 19.59 10.44 10.33 13.95 7.12 7.04

ρ = 0.5, h = 2

CCE-IV

20 -0.21 -0.21 0.04 -0.29 -0.04 -0.03 -0.23 -0.09 -0.03 10.37 14.73 14.61 7.57 10.97 10.90 5.21 7.92 7.65
50 -0.04 -0.01 -0.06 -0.06 0.00 0.06 0.05 0.04 -0.02 9.30 14.17 14.50 6.87 10.57 10.78 4.49 7.33 7.28
100 -0.02 -0.02 -0.05 -0.02 -0.06 -0.03 -0.04 0.05 0.07 8.82 14.04 14.42 6.77 10.35 10.48 4.32 7.07 7.25

ρ = 0.5, h = 6
20 -1.88 0.09 -0.28 -2.07 -0.27 -0.23 -1.98 -0.03 -0.20 22.89 14.54 14.44 16.87 11.12 10.83 12.46 7.51 7.48
50 -0.19 -0.02 -0.07 -0.16 -0.03 -0.01 -0.14 -0.08 -0.02 15.43 14.24 14.37 11.87 10.46 10.49 8.07 7.17 7.22
100 -0.01 -0.02 -0.03 -0.06 -0.05 0.04 -0.04 0.00 0.05 14.97 13.94 13.97 10.60 10.26 10.28 7.44 7.11 7.06

ρ = 0.8, h = 6
20 -3.02 -0.12 -0.27 -2.95 -0.14 -0.35 -3.15 -0.05 -0.33 19.32 14.92 14.99 13.85 10.91 10.83 10.44 7.69 7.62
50 -0.21 0.05 -0.06 -0.18 -0.01 -0.12 -0.21 -0.03 -0.06 9.63 14.29 14.28 6.35 10.53 10.58 4.58 7.34 7.36
100 0.06 0.00 -0.12 0.05 0.03 -0.07 -0.03 -0.03 -0.03 8.11 14.19 14.13 6.04 10.48 10.27 3.75 7.10 7.22

ρ = 0.8, h = 0.3N
20 -2.85 -0.25 -0.17 -3.07 -0.07 -0.32 -3.10 0.04 -0.11 17.51 14.76 14.68 14.06 10.96 11.05 8.92 7.63 7.69
50 -2.73 -0.05 -0.21 -2.75 -0.04 -0.03 -2.65 0.08 -0.17 24.84 14.41 14.51 20.18 10.60 10.54 14.57 7.41 7.33
100 -2.49 0.01 0.04 -2.42 -0.01 -0.08 -2.45 0.03 -0.05 29.53 14.08 14.27 23.16 10.42 10.35 16.86 7.02 7.02

ρ = 0.5, h = 2

Infeasible

20 -0.01 -0.03 0.19 -0.04 0.01 -0.05 -0.03 -0.02 0.01 8.27 13.92 13.94 5.91 10.30 10.29 3.99 6.98 6.92
50 0.01 0.01 -0.06 -0.02 0.01 0.09 0.03 0.02 -0.03 8.39 13.81 13.99 6.31 10.26 10.42 4.11 6.99 7.01
100 -0.02 0.01 -0.06 0.00 -0.09 -0.02 0.00 0.03 0.08 8.29 13.81 14.05 6.32 10.10 10.38 4.18 6.88 6.94

ρ = 0.5, h = 6
20 -0.05 0.12 -0.07 0.08 -0.03 -0.01 0.02 0.04 -0.04 11.09 13.72 13.60 8.91 10.14 10.18 5.83 6.85 6.92
50 0.01 0.02 -0.06 -0.01 -0.08 0.02 0.05 -0.06 0.00 12.17 13.68 13.81 9.47 10.14 10.25 6.35 6.81 6.91
100 0.01 0.01 -0.04 0.01 -0.01 0.03 0.03 0.01 0.03 13.11 13.83 13.84 9.28 10.07 10.04 6.67 6.90 7.03

ρ = 0.8, h = 6
20 0.04 0.06 -0.02 0.01 0.01 -0.03 0.02 0.07 -0.02 5.60 13.71 14.05 4.32 10.12 10.37 2.88 6.88 7.09
50 0.01 0.04 -0.03 0.00 0.00 -0.06 -0.02 -0.04 -0.01 6.62 13.81 14.04 4.39 10.12 10.23 3.09 6.84 7.14
100 0.02 0.02 -0.06 0.03 0.03 -0.04 0.01 -0.01 -0.06 6.73 13.80 14.01 5.08 10.20 10.39 3.21 6.84 7.12

ρ = 0.8, h = 0.3N
20 0.03 0.00 0.07 -0.01 -0.08 0.03 0.01 0.06 0.07 5.76 13.93 14.09 4.02 10.16 10.42 2.57 6.91 7.17
50 -0.04 0.02 -0.05 -0.06 0.04 0.08 -0.01 0.04 -0.05 9.35 13.68 13.86 6.66 10.13 10.25 4.34 6.86 6.89
100 0.03 0.04 0.08 -0.03 0.02 -0.06 0.06 0.06 -0.03 11.68 13.56 13.81 8.22 10.08 10.17 5.88 6.81 6.95

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S9: The Size and Power for Individual Estimators under Experiment 2

Size Power
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.078 0.072 0.074 0.073 0.067 0.075 0.063 0.070 0.042 0.501 0.260 0.280 0.729 0.424 0.436 0.935 0.735 0.746
50 0.080 0.075 0.077 0.068 0.069 0.058 0.050 0.055 0.062 0.567 0.302 0.270 0.757 0.482 0.467 0.983 0.777 0.784
100 0.072 0.076 0.079 0.053 0.062 0.058 0.064 0.061 0.054 0.610 0.284 0.275 0.809 0.491 0.467 0.975 0.805 0.791

ρ = 0.5, h = 6
20 0.078 0.077 0.070 0.044 0.074 0.075 0.046 0.063 0.055 0.251 0.270 0.276 0.328 0.430 0.419 0.501 0.723 0.744
50 0.069 0.074 0.078 0.063 0.071 0.057 0.067 0.062 0.058 0.320 0.264 0.282 0.432 0.473 0.457 0.708 0.760 0.749
100 0.065 0.064 0.067 0.051 0.072 0.064 0.047 0.051 0.048 0.312 0.268 0.274 0.483 0.460 0.499 0.762 0.790 0.794

ρ = 0.8, h = 6
20 0.065 0.051 0.053 0.055 0.061 0.054 0.056 0.053 0.063 0.492 0.277 0.242 0.593 0.434 0.423 0.768 0.732 0.705
50 0.055 0.070 0.076 0.050 0.055 0.054 0.052 0.058 0.060 0.651 0.301 0.267 0.852 0.453 0.472 0.963 0.768 0.755
100 0.069 0.052 0.064 0.046 0.056 0.057 0.059 0.055 0.066 0.712 0.284 0.300 0.885 0.466 0.457 1.000 0.779 0.795

ρ = 0.8, h = 0.3N
20 0.065 0.050 0.056 0.044 0.061 0.056 0.052 0.049 0.060 0.497 0.262 0.262 0.634 0.403 0.427 0.831 0.711 0.730
50 0.065 0.053 0.061 0.047 0.047 0.061 0.045 0.050 0.050 0.321 0.267 0.262 0.393 0.466 0.451 0.607 0.737 0.750
100 0.044 0.048 0.050 0.042 0.049 0.048 0.055 0.044 0.043 0.234 0.256 0.285 0.358 0.475 0.482 0.491 0.798 0.773

ρ = 0.5, h = 2

CCE-IV

20 0.080 0.078 0.075 0.074 0.071 0.074 0.058 0.075 0.060 0.509 0.280 0.273 0.729 0.446 0.445 0.939 0.749 0.743
50 0.085 0.078 0.078 0.072 0.076 0.064 0.053 0.051 0.057 0.572 0.279 0.291 0.780 0.448 0.461 0.976 0.770 0.749
100 0.069 0.076 0.075 0.053 0.060 0.059 0.061 0.055 0.045 0.607 0.270 0.292 0.795 0.461 0.449 0.971 0.791 0.760

ρ = 0.5, h = 6
20 0.043 0.076 0.075 0.044 0.058 0.059 0.053 0.075 0.062 0.223 0.280 0.253 0.325 0.425 0.425 0.489 0.725 0.747
50 0.055 0.073 0.072 0.048 0.070 0.057 0.052 0.065 0.053 0.311 0.265 0.283 0.436 0.482 0.467 0.715 0.756 0.783
100 0.064 0.068 0.067 0.053 0.061 0.054 0.055 0.056 0.061 0.299 0.289 0.267 0.471 0.453 0.463 0.767 0.774 0.762

ρ = 0.8, h = 6
20 0.032 0.040 0.061 0.035 0.046 0.046 0.036 0.053 0.058 0.430 0.267 0.234 0.534 0.425 0.418 0.702 0.708 0.707
50 0.051 0.075 0.081 0.047 0.072 0.052 0.058 0.065 0.069 0.596 0.274 0.260 0.858 0.440 0.443 0.956 0.750 0.769
100 0.045 0.065 0.080 0.046 0.063 0.063 0.056 0.059 0.049 0.684 0.287 0.262 0.875 0.466 0.471 0.978 0.798 0.788

ρ = 0.8, h = 0.3N
20 0.031 0.061 0.053 0.029 0.058 0.043 0.032 0.056 0.058 0.475 0.273 0.272 0.567 0.416 0.400 0.755 0.695 0.704
50 0.038 0.045 0.047 0.033 0.042 0.047 0.036 0.051 0.054 0.286 0.235 0.260 0.381 0.434 0.438 0.567 0.744 0.772
100 0.034 0.045 0.038 0.038 0.047 0.048 0.041 0.042 0.036 0.221 0.270 0.268 0.333 0.477 0.474 0.434 0.777 0.771

ρ = 0.5, h = 2

Infeasible

20 0.073 0.079 0.076 0.057 0.058 0.068 0.044 0.050 0.042 0.642 0.313 0.287 0.860 0.469 0.463 1.000 0.829 0.789
50 0.064 0.074 0.073 0.065 0.063 0.068 0.057 0.049 0.045 0.633 0.311 0.266 0.820 0.496 0.466 0.971 0.795 0.808
100 0.078 0.079 0.074 0.064 0.055 0.070 0.055 0.060 0.042 0.633 0.286 0.289 0.846 0.512 0.459 0.978 0.825 0.795

ρ = 0.5, h = 6
20 0.069 0.079 0.077 0.058 0.051 0.059 0.051 0.058 0.049 0.411 0.287 0.285 0.601 0.490 0.483 0.893 0.801 0.819
50 0.067 0.078 0.071 0.053 0.055 0.061 0.037 0.049 0.045 0.388 0.279 0.288 0.527 0.480 0.504 0.850 0.807 0.796
100 0.069 0.085 0.071 0.067 0.057 0.059 0.053 0.048 0.053 0.354 0.284 0.277 0.552 0.473 0.487 0.826 0.803 0.792

ρ = 0.8, h = 6
20 0.063 0.072 0.071 0.065 0.054 0.050 0.048 0.042 0.045 0.878 0.298 0.293 0.983 0.466 0.498 1.000 0.810 0.787
50 0.056 0.067 0.082 0.043 0.053 0.055 0.045 0.054 0.058 0.786 0.289 0.294 0.990 0.464 0.456 0.986 0.822 0.777
100 0.068 0.068 0.078 0.060 0.068 0.058 0.049 0.040 0.053 0.782 0.278 0.272 0.918 0.479 0.466 0.997 0.796 0.811

ρ = 0.8, h = 0.3N
20 0.073 0.069 0.080 0.063 0.065 0.052 0.044 0.053 0.047 0.882 0.311 0.315 0.988 0.475 0.441 0.991 0.809 0.767
50 0.054 0.064 0.072 0.047 0.056 0.053 0.047 0.051 0.050 0.599 0.292 0.277 0.798 0.483 0.464 1.000 0.814 0.832
100 0.053 0.076 0.064 0.045 0.063 0.063 0.044 0.056 0.052 0.472 0.294 0.311 0.676 0.478 0.507 0.906 0.807 0.817

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa
i = θi + 0.2.
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Table S10: The Finite Sample Performance of Mean Group Estimators under Experiment 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 -0.04 0.04 0.05 0.00 -0.08 -0.08 0.07 -0.09 0.01 4.03 12.55 8.21 3.14 11.71 7.83 2.33 11.44 6.92
50 -0.01 0.07 0.08 -0.08 0.01 0.04 0.02 0.02 0.01 2.43 7.56 5.04 1.96 7.36 4.56 1.54 7.35 4.22
100 -0.01 0.00 0.05 0.06 0.01 -0.07 -0.01 -0.05 0.06 1.44 5.26 3.75 1.16 5.25 3.28 1.16 5.19 2.78

ρ = 0.5, h = 6
20 0.06 0.05 0.03 -0.03 -0.05 -0.06 0.08 -0.05 0.06 8.39 11.93 8.22 6.07 11.71 8.05 4.32 11.69 6.87
50 -0.03 -0.06 -0.03 0.09 0.03 0.03 -0.08 -0.07 0.01 3.38 8.14 5.28 2.81 7.28 4.47 2.13 7.10 4.28
100 -0.04 0.00 0.06 0.00 0.03 0.03 -0.01 -0.07 -0.07 2.07 5.60 3.84 1.65 5.05 3.45 1.38 5.01 3.00

ρ = 0.8, h = 6
20 0.03 0.04 -0.01 0.02 -0.10 -0.04 -0.02 -0.07 0.00 6.34 11.78 8.42 4.50 11.27 7.99 3.37 11.24 6.91
50 -0.07 0.07 -0.06 -0.02 0.05 0.11 0.02 0.00 0.02 2.25 8.13 5.11 1.87 8.01 4.31 1.60 7.51 4.16
100 0.00 0.10 -0.01 0.01 -0.03 -0.03 -0.09 0.05 0.06 1.28 5.84 3.80 1.10 5.23 3.30 1.05 5.12 2.97

ρ = 0.8, h = 0.3N
20 0.06 -0.06 -0.06 -0.07 -0.01 0.02 0.01 0.04 0.05 6.63 12.34 8.53 4.60 11.72 7.77 3.47 11.18 6.92
50 0.06 0.04 -0.02 0.02 0.05 -0.07 0.02 0.08 -0.08 5.95 7.97 5.56 3.57 7.45 4.81 2.46 7.09 4.56
100 -0.03 -0.01 0.03 0.10 0.05 0.10 -0.06 -0.04 -0.06 5.65 5.24 4.07 3.46 5.14 3.33 2.41 4.92 2.99

ρ = 0.5, h = 2

CCE-IV

20 -0.29 -0.02 0.05 -0.26 -0.07 -0.13 0.26 -0.19 -0.02 4.07 12.48 8.08 3.16 11.57 7.94 2.78 11.45 6.96
50 0.05 0.12 0.10 -0.13 -0.04 0.02 -0.07 0.02 0.03 2.40 7.57 5.09 1.94 7.43 4.52 1.60 7.29 4.40
100 0.07 0.03 0.07 0.01 0.06 -0.07 -0.04 -0.08 0.05 1.45 5.35 3.97 1.15 5.24 3.57 1.11 5.09 2.91

ρ = 0.5, h = 6
20 -2.12 -0.07 -0.14 -2.15 -0.15 -0.27 -2.29 -0.15 -0.17 8.79 12.07 8.19 6.61 11.85 7.99 5.03 11.58 6.99
50 -0.20 -0.11 -0.04 -0.09 0.02 0.04 -0.22 -0.10 0.02 3.57 8.20 5.25 2.74 7.42 4.38 2.13 6.95 4.35
100 -0.06 0.04 0.05 0.02 0.04 0.05 -0.10 -0.08 -0.08 2.28 5.57 3.73 1.55 5.17 3.36 1.31 5.11 2.90

ρ = 0.8, h = 6
20 -4.15 -0.04 -0.16 -4.21 -0.03 -0.23 -4.12 0.10 -0.04 8.08 11.73 8.45 6.56 11.26 7.93 5.53 11.18 6.83
50 -0.26 0.05 -0.11 -0.29 0.04 0.11 -0.25 -0.02 0.02 2.35 8.03 5.15 1.94 7.96 4.31 1.57 7.52 4.21
100 -0.05 0.13 -0.03 0.08 -0.07 -0.03 -0.11 0.05 0.05 1.24 5.94 3.81 1.19 5.37 3.40 1.01 5.12 2.98

ρ = 0.8, h = 0.3N
20 -4.07 -0.06 -0.26 -4.02 -0.79 -0.30 -4.36 0.06 0.04 7.75 12.33 8.40 6.29 11.77 7.63 5.22 11.20 7.06
50 -3.49 0.16 -0.06 -3.53 0.09 0.37 -3.48 -0.01 0.08 6.21 8.00 5.39 4.86 7.40 4.90 3.57 7.05 4.52
100 -3.03 -0.08 0.06 -2.95 0.04 0.09 -3.05 0.21 -0.21 6.03 5.33 3.97 4.74 5.22 3.32 3.66 4.78 3.09

ρ = 0.5, h = 2

Infeasible

20 0.03 0.04 -0.01 -0.03 0.04 -0.08 0.03 -0.05 -0.04 3.48 12.46 8.19 2.82 11.56 7.88 2.32 11.46 6.89
50 0.01 0.05 0.06 -0.03 -0.15 0.00 0.00 0.05 0.03 2.13 7.54 5.22 1.73 7.28 4.57 1.48 7.01 4.10
100 0.04 0.02 0.05 0.05 0.04 -0.04 -0.02 -0.05 0.05 1.47 5.33 3.77 1.19 5.33 3.29 1.11 5.21 2.66

ρ = 0.5, h = 6
20 -0.01 0.05 0.08 -0.03 -0.05 -0.03 -0.03 -0.05 0.04 4.43 11.75 7.96 3.69 11.66 7.73 2.93 11.60 6.76
50 -0.04 -0.10 0.01 0.05 0.07 0.02 -0.06 -0.08 -0.04 2.90 7.28 5.10 2.31 7.21 4.36 1.93 7.07 4.13
100 -0.10 -0.03 0.01 0.05 0.00 0.01 -0.02 -0.07 -0.06 2.04 5.58 3.65 1.46 5.06 3.24 1.18 4.99 2.60

ρ = 0.8, h = 6
20 0.01 0.00 0.01 0.07 -0.02 0.02 -0.02 0.07 0.04 2.72 12.46 8.00 2.50 11.59 7.84 2.30 11.20 6.74
50 -0.05 0.05 -0.07 0.00 0.08 0.04 0.02 -0.02 0.04 1.84 8.05 5.17 1.60 8.03 4.41 1.36 7.49 4.08
100 -0.04 0.06 0.01 0.10 -0.07 -0.06 -0.05 0.02 0.04 1.30 5.86 3.81 1.00 5.21 3.26 0.79 5.03 2.78

ρ = 0.8, h = 0.3N
20 0.06 -0.02 -0.06 -0.03 -0.03 0.07 0.03 0.01 0.06 2.71 12.11 8.20 2.63 11.56 7.62 2.27 11.10 6.97
50 0.08 -0.05 0.06 0.01 0.10 0.06 -0.05 -0.06 -0.05 2.14 7.91 5.42 1.86 7.38 4.87 1.42 6.97 4.53
100 0.04 -0.08 0.03 -0.08 0.07 0.07 -0.09 -0.02 0.00 1.84 5.39 3.88 1.46 5.13 3.40 1.24 4.85 2.96

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S11: The Size and Power for Mean Group Estimators under Experiment 2

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.072 0.072 0.074 0.050 0.055 0.056 0.062 0.046 0.060 0.596 0.235 0.427 0.771 0.350 0.689 0.845 0.423 0.892
50 0.054 0.054 0.048 0.057 0.055 0.060 0.054 0.055 0.049 0.945 0.782 0.877 0.983 0.826 0.971 0.999 0.884 1.000
100 0.045 0.054 0.057 0.050 0.040 0.055 0.049 0.058 0.060 1.000 0.951 0.979 0.990 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.071 0.066 0.067 0.064 0.057 0.077 0.057 0.052 0.053 0.228 0.171 0.447 0.319 0.350 0.682 0.540 0.401 0.890
50 0.048 0.063 0.055 0.064 0.052 0.062 0.050 0.047 0.058 0.749 0.660 0.878 0.869 0.747 0.990 0.985 0.802 1.000
100 0.052 0.065 0.038 0.054 0.057 0.044 0.059 0.047 0.062 0.999 0.966 1.000 1.000 1.000 1.000 1.000 1.000 0.995

ρ = 0.8, h = 6
20 0.073 0.078 0.075 0.057 0.066 0.056 0.057 0.060 0.050 0.363 0.319 0.410 0.574 0.426 0.695 0.768 0.533 0.930
50 0.052 0.045 0.043 0.049 0.052 0.067 0.044 0.063 0.059 0.968 0.714 0.844 1.000 0.816 0.983 1.000 0.914 0.991
100 0.052 0.060 0.06 0.046 0.027 0.049 0.055 0.053 0.056 1.000 0.994 0.979 0.981 0.999 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.057 0.059 0.060 0.058 0.053 0.050 0.056 0.056 0.058 0.358 0.314 0.523 0.531 0.421 0.576 0.730 0.545 0.584
50 0.052 0.065 0.050 0.043 0.063 0.065 0.055 0.053 0.057 0.528 0.526 0.839 0.667 0.618 0.862 0.950 0.755 0.932
100 0.055 0.046 0.058 0.053 0.064 0.042 0.051 0.053 0.045 0.568 0.908 0.993 0.728 0.931 1.000 0.965 0.976 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.080 0.092 0.077 0.056 0.066 0.057 0.079 0.065 0.082 0.608 0.215 0.437 0.763 0.347 0.694 0.799 0.424 0.907
50 0.071 0.052 0.063 0.055 0.060 0.063 0.052 0.058 0.075 0.937 0.776 0.874 0.981 0.838 0.968 0.997 0.862 1.000
100 0.047 0.046 0.068 0.043 0.054 0.061 0.053 0.059 0.070 1.000 0.962 0.979 0.998 1.000 0.984 0.985 1.000 0.981

ρ = 0.5, h = 6
20 0.073 0.068 0.073 0.055 0.078 0.072 0.072 0.078 0.088 0.244 0.187 0.447 0.354 0.332 0.683 0.522 0.388 0.901
50 0.059 0.054 0.056 0.072 0.048 0.049 0.051 0.063 0.074 0.811 0.684 0.888 0.879 0.753 0.987 0.989 0.796 1.000
100 0.053 0.056 0.042 0.044 0.062 0.055 0.051 0.071 0.073 0.973 0.955 0.994 1.000 1.000 1.000 0.993 1.000 1.000

ρ = 0.8, h = 6
20 0.086 0.080 0.082 0.112 0.082 0.073 0.127 0.071 0.077 0.295 0.343 0.443 0.415 0.439 0.692 0.663 0.516 0.935
50 0.048 0.046 0.049 0.058 0.059 0.052 0.050 0.063 0.067 0.945 0.716 0.867 0.992 0.828 0.989 1.000 0.911 1.000
100 0.054 0.055 0.057 0.049 0.019 0.060 0.053 0.030 0.057 1.000 0.987 1.000 1.000 0.981 1.000 0.980 1.000 0.997

ρ = 0.8, h = 0.3N
20 0.086 0.069 0.068 0.086 0.075 0.079 0.110 0.072 0.051 0.299 0.336 0.475 0.428 0.425 0.546 0.636 0.539 0.603
50 0.063 0.084 0.045 0.075 0.055 0.062 0.092 0.058 0.055 0.427 0.516 0.885 0.623 0.572 0.883 0.879 0.749 0.932
100 0.065 0.047 0.051 0.085 0.078 0.050 0.076 0.037 0.053 0.487 0.911 0.976 0.684 0.928 1.000 0.910 0.964 0.999

ρ = 0.5, h = 2

Infeasible

20 0.074 0.071 0.068 0.058 0.052 0.063 0.058 0.058 0.063 0.708 0.231 0.479 0.856 0.364 0.695 0.983 0.430 0.912
50 0.063 0.053 0.062 0.057 0.060 0.061 0.055 0.061 0.046 0.981 0.786 0.889 1.000 0.837 0.975 1.000 0.893 1.000
100 0.051 0.056 0.053 0.054 0.053 0.051 0.048 0.062 0.052 0.999 0.963 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.056 0.048 0.059 0.062 0.061 0.064 0.050 0.064 0.059 0.533 0.203 0.450 0.702 0.353 0.717 0.878 0.415 0.915
50 0.041 0.061 0.065 0.058 0.060 0.055 0.061 0.059 0.049 0.846 0.687 0.895 0.958 0.754 0.992 1.000 0.798 1.000
100 0.054 0.054 0.049 0.047 0.056 0.049 0.048 0.064 0.058 1.000 0.953 1.000 1.000 1.000 0.997 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.053 0.061 0.061 0.070 0.061 0.070 0.046 0.051 0.054 0.877 0.357 0.451 0.925 0.445 0.698 0.983 0.546 0.940
50 0.039 0.061 0.052 0.047 0.063 0.060 0.050 0.066 0.064 0.983 0.743 0.893 1.000 0.823 0.993 1.000 0.923 1.000
100 0.054 0.064 0.048 0.051 0.019 0.047 0.048 0.054 0.054 0.991 0.993 0.979 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.067 0.059 0.061 0.056 0.068 0.067 0.056 0.058 0.064 0.876 0.333 0.490 0.934 0.431 0.581 0.939 0.561 0.606
50 0.050 0.059 0.058 0.051 0.060 0.056 0.053 0.050 0.043 0.969 0.574 0.877 0.996 0.604 0.928 1.000 0.762 0.937
100 0.054 0.054 0.055 0.048 0.069 0.042 0.049 0.042 0.053 0.998 0.919 0.984 1.000 0.942 1.000 0.987 0.991 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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Table S12: The Finite Sample Performance of Pooled Estimators under Experiment 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.38 0.01 -0.27 0.46 -0.46 -0.75 0.36 -0.23 -0.61 4.28 12.69 9.28 3.62 12.24 8.28 3.03 12.04 8.04
50 0.42 0.22 0.12 0.37 0.04 -0.29 0.34 -0.14 0.31 2.55 7.80 5.69 2.19 7.36 5.39 1.73 7.26 4.54
100 0.41 -0.03 -0.17 0.34 0.23 -0.03 0.35 0.21 -0.32 1.82 5.83 4.21 1.50 5.37 3.79 1.28 5.23 3.25

ρ = 0.5, h = 6
20 0.47 -0.09 -0.23 0.45 -0.11 -0.31 -0.43 -0.99 0.41 7.91 12.72 8.96 6.18 12.12 8.15 4.83 11.68 7.41
50 0.26 -0.29 -0.01 0.36 -0.12 -0.37 0.30 -0.24 0.31 4.21 7.64 5.77 3.53 7.54 4.87 2.64 7.61 4.84
100 -0.37 0.29 -0.31 0.36 -0.31 0.12 0.40 0.600 -0.02 2.83 5.78 4.08 2.40 5.03 3.61 1.70 5.08 3.16

ρ = 0.8, h = 6
20 0.45 0.20 0.22 0.47 -0.52 -0.33 0.46 0.02 0.36 5.80 13.29 9.47 4.84 11.55 8.10 3.69 11.65 7.35
50 0.45 -0.26 -0.16 0.59 0.17 -0.08 0.49 0.31 0.56 2.51 8.34 5.36 2.21 7.42 5.44 1.68 7.34 4.96
100 0.46 -0.01 0.14 0.51 -0.28 -0.23 0.45 -0.06 0.12 1.50 5.97 4.10 1.21 5.74 3.30 1.11 5.44 3.43

ρ = 0.8, h = 0.3N
20 0.43 -0.22 -0.49 0.46 -0.08 -0.36 0.54 0.29 -0.33 5.89 12.76 9.34 4.67 11.92 8.19 3.57 11.80 7.78
50 0.44 0.02 0.24 0.34 -0.37 0.23 0.31 -0.01 -0.34 5.34 8.35 5.95 3.80 7.48 5.31 2.88 7.41 5.06
100 -0.35 0.06 -0.18 0.44 0.29 0.14 0.33 0.21 -0.03 5.27 5.88 4.05 3.67 5.54 3.63 2.86 5.45 3.23

ρ = 0.5, h = 2

CCE-IV

20 0.44 0.17 -0.39 0.45 -0.35 -0.15 0.42 -0.21 -0.11 4.44 12.98 9.27 3.64 12.06 8.44 3.21 12.13 7.90
50 0.36 0.22 0.13 0.29 0.18 -0.26 0.43 -0.34 -0.06 2.66 7.86 5.80 2.18 7.39 5.53 1.72 7.35 4.72
100 0.52 0.01 -0.22 0.53 0.12 -0.01 0.46 0.12 -0.17 1.89 5.75 4.29 1.55 5.53 3.85 1.14 5.28 3.26

ρ = 0.5, h = 6
20 -1.44 -0.32 -0.50 -2.24 -0.25 -0.43 -2.28 -1.02 0.18 8.54 12.58 8.97 6.56 12.05 8.28 5.22 11.62 7.58
50 -0.42 -0.28 -0.12 -0.35 -0.13 -0.35 -0.36 -0.28 0.13 4.26 7.75 5.79 3.61 7.49 4.64 2.61 7.43 4.88
100 -0.36 0.27 -0.33 0.35 -0.25 0.19 0.45 0.19 -0.05 2.81 5.89 4.20 2.43 5.17 3.61 1.76 5.21 3.02

ρ = 0.8, h = 6
20 -2.29 0.07 0.09 -1.92 -0.63 -0.61 -1.79 -0.08 0.15 6.59 13.35 9.41 5.08 11.46 8.10 4.43 11.69 7.33
50 0.43 -0.27 -0.50 0.44 0.12 -0.82 0.46 0.16 0.38 2.68 8.41 5.28 2.31 7.39 5.50 1.77 7.33 4.84
100 0.52 -0.05 0.07 0.48 -0.33 -0.60 0.46 -0.11 0.11 1.59 5.88 4.18 1.28 5.85 3.21 1.02 5.29 3.43

ρ = 0.8, h = 0.3N
20 -1.78 -0.68 -0.59 -1.89 -0.87 -0.63 -1.86 0.54 -0.72 6.56 12.47 9.14 5.44 12.11 8.10 4.00 11.68 7.75
50 -1.30 0.03 0.08 -1.32 -0.60 0.32 -1.345 -0.90 -0.46 5.55 8.24 5.97 4.23 7.35 5.20 3.12 7.41 5.07
100 -1.59 0.07 -0.16 -1.33 0.26 0.15 -1.39 0.25 -0.06 5.58 5.87 4.01 4.14 5.66 3.62 3.17 5.42 3.28

ρ = 0.5, h = 2

Infeasible

20 0.41 0.09 -0.33 0.33 -0.02 -0.27 0.34 -0.27 -0.36 3.95 12.79 9.49 3.19 12.22 8.42 2.78 12.02 7.92
50 0.34 0.27 0.28 0.39 0.28 -0.11 0.39 -0.34 -0.01 2.50 7.78 5.58 2.16 7.37 5.16 1.58 7.25 4.57
100 0.41 0.01 -0.38 0.38 0.27 -0.02 0.36 0.34 -0.21 1.94 5.71 4.00 1.72 5.30 3.94 1.12 5.17 3.22

ρ = 0.5, h = 6
20 0.42 -0.08 -0.25 0.37 -0.16 -0.35 -0.33 -0.27 0.36 4.95 12.64 8.76 4.15 11.96 8.23 3.34 11.57 7.46
50 0.37 -0.15 -0.32 0.28 -0.18 -0.34 0.37 -0.28 0.02 3.55 7.79 5.92 2.87 7.65 4.76 2.30 7.56 4.86
100 0.31 0.18 -0.29 0.36 -0.19 0.31 0.39 0.27 -0.03 2.65 5.82 4.09 2.11 5.03 3.55 1.58 5.03 3.08

ρ = 0.8, h = 6
20 0.40 0.20 0.47 0.40 -0.56 -0.24 0.44 0.11 0.47 3.10 13.37 9.78 2.79 11.49 8.20 2.57 11.61 7.46
50 0.36 -0.48 -0.09 0.24 0.01 -0.26 0.50 0.25 0.36 2.25 8.26 5.18 1.90 7.39 5.42 1.54 7.05 4.73
100 0.33 0.07 0.13 0.43 -0.34 -0.35 0.41 -0.30 0.07 1.43 5.99 4.19 1.26 5.95 3.36 0.94 5.31 3.59

ρ = 0.8, h = 0.3N
20 0.39 -0.39 -0.63 0.50 -0.43 -0.45 0.47 0.36 -0.53 2.93 12.59 9.85 2.78 11.80 8.33 2.54 11.80 7.79
50 0.25 -0.08 0.10 0.31 -0.05 0.24 0.29 -0.09 -0.37 2.56 8.29 5.95 1.96 7.34 5.38 1.62 7.54 5.15
100 -0.35 0.00 -0.18 0.21 0.38 0.13 0.20 0.57 -0.06 2.28 5.88 3.91 1.84 5.49 3.53 1.36 5.54 3.44

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S13: The Size and Power for Pooled Estimators under Experiment 2

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.083 0.075 0.088 0.068 0.067 0.078 0.091 0.088 0.087 0.464 0.281 0.413 0.672 0.318 0.427 0.727 0.362 0.486
50 0.080 0.057 0.076 0.063 0.052 0.068 0.061 0.087 0.080 0.954 0.586 0.760 0.992 0.605 0.838 1.000 0.644 0.900
100 0.088 0.052 0.047 0.043 0.088 0.090 0.066 0.049 0.054 0.987 0.830 0.981 0.997 0.915 0.987 1.000 0.954 1.000

ρ = 0.5, h = 6
20 0.079 0.054 0.070 0.094 0.067 0.096 0.049 0.066 0.077 0.278 0.247 0.393 0.317 0.357 0.462 0.570 0.387 0.593
50 0.056 0.031 0.071 0.075 0.051 0.053 0.049 0.074 0.076 0.680 0.604 0.775 0.685 0.642 0.921 0.911 0.691 0.928
100 0.088 0.044 0.050 0.062 0.044 0.041 0.051 0.064 0.036 0.832 0.901 0.993 0.966 0.947 1.000 1.000 0.963 1.000

ρ = 0.8, h = 6
20 0.116 0.100 0.098 0.056 0.054 0.093 0.092 0.079 0.071 0.425 0.233 0.363 0.602 0.352 0.494 0.639 0.396 0.556
50 0.080 0.056 0.066 0.102 0.057 0.076 0.075 0.068 0.062 0.897 0.604 0.804 0.966 0.643 0.837 0.995 0.699 0.892
100 0.102 0.075 0.072 0.040 0.095 0.038 0.052 0.059 0.077 1.000 0.757 0.994 1.000 0.843 1.000 1.000 0.908 1.000

ρ = 0.8, h = 0.3N
20 0.079 0.081 0.071 0.080 0.082 0.071 0.072 0.074 0.075 0.359 0.241 0.403 0.518 0.297 0.446 0.705 0.339 0.612
50 0.092 0.074 0.072 0.080 0.058 0.053 0.087 0.053 0.076 0.389 0.591 0.788 0.571 0.632 0.886 0.895 0.654 0.918
100 0.047 0.086 0.068 0.067 0.060 0.072 0.056 0.084 0.074 0.484 0.873 0.968 0.734 0.899 1.000 0.919 0.900 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.085 0.083 0.102 0.092 0.087 0.099 0.094 0.067 0.084 0.490 0.257 0.389 0.685 0.242 0.424 0.794 0.287 0.479
50 0.069 0.056 0.079 0.061 0.058 0.074 0.054 0.081 0.081 0.940 0.581 0.722 0.996 0.602 0.807 1.000 0.626 0.890
100 0.060 0.036 0.050 0.051 0.075 0.098 0.064 0.042 0.039 1.000 0.827 0.955 0.984 0.915 0.965 1.000 0.945 0.978

ρ = 0.5, h = 6
20 0.073 0.082 0.095 0.061 0.081 0.076 0.081 0.083 0.089 0.257 0.242 0.399 0.377 0.311 0.478 0.544 0.387 0.599
50 0.064 0.058 0.087 0.064 0.060 0.063 0.030 0.071 0.065 0.581 0.615 0.793 0.730 0.658 0.915 0.928 0.685 0.922
100 0.067 0.049 0.063 0.069 0.040 0.045 0.058 0.069 0.037 0.872 0.895 0.986 0.941 0.961 1.000 0.985 0.953 1.000

ρ = 0.8, h = 6
20 0.104 0.106 0.113 0.067 0.070 0.076 0.115 0.092 0.081 0.387 0.240 0.372 0.623 0.357 0.504 0.622 0.398 0.521
50 0.064 0.068 0.061 0.052 0.051 0.088 0.086 0.066 0.073 0.886 0.607 0.793 0.990 0.647 0.834 1.000 0.698 0.908
100 0.098 0.074 0.064 0.054 0.061 0.021 0.048 0.061 0.072 1.000 0.752 0.965 0.999 0.833 0.998 1.000 0.935 0.994

ρ = 0.8, h = 0.3N
20 0.088 0.073 0.063 0.095 0.097 0.094 0.121 0.083 0.085 0.340 0.252 0.408 0.428 0.283 0.419 0.699 0.329 0.607
50 0.082 0.076 0.070 0.070 0.049 0.060 0.091 0.061 0.088 0.359 0.604 0.750 0.571 0.623 0.897 0.863 0.643 0.892
100 0.065 0.093 0.060 0.074 0.063 0.069 0.070 0.083 0.071 0.441 0.863 0.982 0.733 0.912 0.986 0.915 0.903 0.993

ρ = 0.5, h = 2

Infeasible

20 0.055 0.080 0.098 0.080 0.062 0.098 0.088 0.091 0.094 0.553 0.290 0.423 0.797 0.304 0.436 0.880 0.378 0.509
50 0.087 0.051 0.087 0.068 0.066 0.052 0.074 0.082 0.069 0.960 0.596 0.742 0.975 0.613 0.851 1.000 0.660 0.906
100 0.069 0.032 0.043 0.035 0.084 0.092 0.041 0.056 0.053 0.999 0.862 0.997 0.996 0.956 0.988 1.000 0.961 1.000

ρ = 0.5, h = 6
20 0.077 0.062 0.091 0.075 0.083 0.077 0.046 0.058 0.063 0.533 0.258 0.435 0.579 0.311 0.525 0.689 0.398 0.573
50 0.049 0.060 0.080 0.106 0.041 0.048 0.023 0.061 0.061 0.751 0.645 0.796 0.901 0.678 0.925 0.946 0.708 0.949
100 0.053 0.060 0.069 0.062 0.036 0.037 0.048 0.072 0.036 0.949 0.905 0.986 0.959 0.956 1.000 1.000 0.977 1.000

ρ = 0.8, h = 6
20 0.082 0.071 0.101 0.063 0.051 0.063 0.098 0.075 0.072 0.830 0.255 0.376 0.957 0.359 0.509 0.940 0.411 0.537
50 0.089 0.054 0.029 0.084 0.062 0.087 0.084 0.050 0.044 0.969 0.664 0.806 0.991 0.672 0.842 1.000 0.712 0.895
100 0.115 0.089 0.076 0.048 0.066 0.030 0.063 0.081 0.084 1.000 0.764 0.966 0.983 0.847 0.997 1.000 0.928 1.000

ρ = 0.8, h = 0.3N
20 0.068 0.074 0.072 0.065 0.064 0.073 0.064 0.073 0.063 0.800 0.245 0.430 0.866 0.323 0.507 0.921 0.358 0.616
50 0.072 0.060 0.066 0.043 0.060 0.068 0.064 0.046 0.067 0.936 0.609 0.749 0.978 0.639 0.886 1.000 0.663 0.898
100 0.048 0.060 0.064 0.073 0.059 0.054 0.062 0.082 0.066 0.954 0.888 0.968 1.000 0.918 1.000 1.000 0.905 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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S4.3 Simulation Results under Experiment 3

In this section, we provide the simulation results under Experiment 3 in Tables S14 to S19. All

the simulation results are qualitatively similar to those reported for Experiment 1 in Section S4.1.

Specifically, the biases of the CCEX-IV individual, Mean Group and Pooled estimators for (ρ, β1, β2)

are more or less negligible and close to those of the infeasible estimator in almost all cases. On

the other hand, the CCE-IV estimators display non-negligible biases as h or ρ rises, especially for

N = 20. In particular, if the spatial weighing matrix remains relatively dense with h = 0.3N , then

the bias of the CCE-IV spatial coefficient does not disappear even as N increases.

RMSEs of the individual, Mean Group and Pooled estimators all decrease with T and/or with

N . RMSEs for CCEX-IV and CCE-IV are quite similar for fixed h. However, if the spatial weighing

matrix remains dense with h = 0.3N , then RMSEs for the CCE-IV estimator are significantly higher

than the CCEX-IV counterparts at all the sample sizes.

The sizes of the t-test for the CCEX-IV individual, Mean Group and Pooled estimators all tend

to the 5% nominal level as the sample size increases (particularly T for individual estimator). But,

the CCE-IV spatial coefficient tends to display slight size distortions if N is small. The powers of

the t-tests for both CCEX-IV and CCE-IV estimators are more or less similar, and tend to 1 as the

sample size (particularly T for individual estimator), except for the individual spatial coefficient in

the case with h = 0.3N in which case the power falls with N . Same as in Experiment 1, the power

for Mean Group and Pooled estimator are much larger than those for individual estimator because

of a faster convergence rate.
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Table S14: The Finite Sample Performance of Individual Estimators under Experiment 3

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.00 0.01 -0.06 -0.03 0.07 0.04 0.06 0.08 -0.02 10.04 14.64 14.64 7.40 10.79 10.92 5.11 7.49 7.55
50 -0.05 0.04 0.01 0.06 -0.06 -0.06 -0.04 0.05 0.09 9.27 14.40 14.43 6.88 10.63 10.79 4.70 7.34 7.39
100 -0.06 -0.04 -0.02 0.02 0.09 -0.03 0.00 -0.03 0.03 9.12 14.24 14.47 6.63 10.46 10.57 4.59 7.20 7.33

ρ = 0.5, h = 6
20 -0.02 0.07 -0.01 0.07 0.04 -0.03 0.06 0.07 0.04 21.86 14.55 14.78 16.32 10.75 10.83 11.00 7.52 7.40
50 -0.08 -0.05 0.08 -0.05 0.06 0.05 -0.04 -0.03 0.01 16.02 14.25 14.31 11.64 10.58 10.55 8.01 7.25 7.22
100 -0.06 0.06 -0.03 0.09 -0.05 0.06 0.04 0.01 0.09 14.64 14.19 14.21 10.83 10.51 10.55 7.44 7.19 7.13

ρ = 0.8, h = 6
20 -0.01 -0.06 -0.05 0.05 0.07 -0.07 0.06 0.10 0.02 14.81 14.80 14.83 10.77 10.94 10.94 7.46 7.51 7.62
50 -0.05 -0.03 -0.07 0.00 0.10 0.05 0.00 0.03 -0.05 9.33 14.36 14.54 6.78 10.59 10.69 4.60 7.39 7.26
100 0.01 -0.07 0.05 0.00 0.03 0.08 -0.01 -0.01 -0.01 8.16 14.28 14.35 6.07 10.63 10.81 4.11 7.17 7.36

ρ = 0.8, h = 0.3N
20 0.09 0.09 -0.06 0.08 -0.07 0.05 0.06 -0.04 -0.03 14.66 14.94 14.93 10.69 10.87 10.93 7.43 7.53 7.50
50 0.08 -0.09 -0.03 -0.04 0.08 -0.10 -0.09 0.04 -0.05 21.15 14.36 14.40 15.55 10.52 10.72 10.60 7.33 7.33
100 0.01 0.02 0.02 -0.07 0.04 0.04 0.04 0.02 0.05 29.31 14.26 14.45 21.11 10.53 10.57 14.22 7.21 7.24

ρ = 0.5, h = 2

CCE-IV

20 -0.17 0.00 -0.20 -0.25 0.07 0.01 -0.13 0.06 -0.05 10.07 14.60 14.54 7.31 10.64 10.76 5.03 7.34 7.42
50 -0.08 0.08 0.03 0.04 -0.08 -0.05 -0.07 0.04 0.13 9.36 14.56 14.62 6.84 10.66 10.76 4.67 7.27 7.32
100 -0.08 -0.05 -0.01 0.02 0.09 -0.05 0.00 -0.04 0.04 9.25 14.45 14.67 6.66 10.52 10.65 4.59 7.19 7.31

ρ = 0.5, h = 6
20 -2.84 0.00 -0.30 -2.72 -0.11 -0.31 -2.70 -0.07 -0.21 23.54 14.41 14.73 17.73 10.59 10.77 12.28 7.37 7.37
50 -0.20 -0.12 0.04 -0.23 0.07 0.04 -0.17 -0.05 0.00 16.19 14.34 14.40 11.68 10.58 10.55 8.00 7.21 7.25
100 0.07 0.07 0.00 0.06 -0.05 0.07 0.05 0.02 0.09 14.85 14.38 14.41 10.89 10.55 10.63 7.43 7.15 7.12

ρ = 0.8, h = 6
20 -4.30 -0.37 -0.48 -3.95 -0.10 -0.45 -4.10 -0.11 -0.40 19.47 14.59 14.68 14.58 10.80 10.88 10.81 7.40 7.61
50 -0.33 -0.03 -0.05 -0.20 0.08 0.14 -0.19 0.02 -0.15 9.52 14.51 14.68 6.88 10.62 10.71 4.64 7.36 7.21
100 -0.01 -0.07 -0.17 -0.04 0.03 0.08 -0.05 -0.01 -0.01 8.26 14.51 14.50 6.10 10.69 10.87 4.11 7.17 7.35

ρ = 0.8, h = 0.3N
20 -3.98 -0.07 -0.47 -4.13 -0.32 -0.35 -4.06 -0.24 -0.43 19.18 14.68 14.74 14.60 10.71 10.85 10.82 7.43 7.53
50 -3.19 -0.22 -0.18 -3.25 0.03 -0.25 -3.31 -0.02 -0.15 26.11 14.35 14.46 19.50 10.46 10.67 13.70 7.28 7.30
100 -2.87 -0.01 0.00 -3.17 0.04 -0.01 -2.82 -0.01 -0.01 35.25 14.36 14.53 26.07 10.53 10.53 17.84 7.19 7.21

ρ = 0.5, h = 2

Infeasible

20 -0.07 -0.09 -0.05 -0.03 0.07 -0.01 0.02 0.08 -0.02 7.66 13.64 13.80 5.59 10.06 10.19 3.83 6.85 7.01
50 -0.03 0.04 0.03 0.08 -0.07 -0.02 -0.01 0.00 0.09 7.84 13.55 13.75 5.78 10.00 10.22 3.96 6.91 6.96
100 -0.06 -0.02 -0.03 0.03 0.09 -0.04 -0.01 -0.01 0.03 7.95 13.62 13.82 5.85 9.93 10.13 4.02 6.85 6.97

ρ = 0.5, h = 6
20 -0.08 -0.05 -0.02 0.06 0.01 0.03 -0.04 -0.01 0.05 10.26 13.45 13.77 7.56 9.94 10.05 5.11 6.81 6.76
50 0.03 -0.02 0.07 -0.03 0.05 0.07 0.02 -0.02 0.03 11.00 13.56 13.66 8.05 10.07 10.00 5.41 6.81 6.74
100 0.04 0.05 -0.03 0.04 -0.05 0.05 -0.06 0.02 0.01 11.19 13.55 13.57 8.30 9.99 10.06 5.65 6.81 6.86

ρ = 0.8, h = 6
20 0.02 -0.03 -0.05 0.00 0.01 -0.05 0.03 0.08 0.02 4.69 13.54 13.82 3.54 10.05 10.13 2.39 6.91 7.03
50 -0.06 -0.02 -0.01 0.00 0.10 0.04 0.01 -0.02 -0.07 5.32 13.63 13.90 3.92 9.98 10.22 2.68 6.92 6.89
100 0.02 -0.07 0.02 0.00 0.02 0.09 -0.01 -0.02 -0.02 5.47 13.58 13.74 4.13 10.15 10.33 2.78 6.82 7.04

ρ = 0.8, h = 0.3N
20 0.00 0.09 -0.08 -0.02 -0.03 -0.04 0.02 -0.08 -0.04 4.85 13.69 14.00 3.51 9.97 10.20 2.43 6.89 7.02
50 0.03 -0.08 -0.07 -0.01 0.08 0.04 -0.06 0.09 0.02 6.11 13.45 13.63 4.63 9.91 10.10 3.15 6.84 6.99
100 -0.01 0.02 0.06 -0.01 0.04 0.02 0.01 0.02 0.06 7.04 13.53 13.69 5.27 10.07 10.05 3.55 6.91 6.95

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S15: The Size and Power for Individual Estimators under Experiment 3

Size Power
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.078 0.079 0.080 0.069 0.077 0.077 0.062 0.066 0.067 0.530 0.269 0.276 0.740 0.437 0.432 0.948 0.748 0.743
50 0.084 0.078 0.076 0.070 0.073 0.072 0.065 0.065 0.065 0.556 0.286 0.275 0.788 0.478 0.463 0.974 0.762 0.769
100 0.082 0.075 0.079 0.067 0.070 0.070 0.060 0.059 0.060 0.562 0.286 0.277 0.805 0.476 0.475 0.978 0.773 0.772

ρ = 0.5, h = 6
20 0.071 0.073 0.073 0.046 0.067 0.067 0.050 0.060 0.061 0.242 0.266 0.265 0.323 0.428 0.445 0.525 0.743 0.751
50 0.070 0.083 0.082 0.061 0.070 0.071 0.055 0.063 0.058 0.279 0.282 0.287 0.431 0.464 0.447 0.718 0.778 0.793
100 0.073 0.084 0.083 0.063 0.069 0.072 0.057 0.059 0.061 0.307 0.284 0.290 0.483 0.484 0.466 0.756 0.784 0.783

ρ = 0.8, h = 6
20 0.073 0.058 0.059 0.046 0.057 0.054 0.050 0.056 0.060 0.488 0.271 0.267 0.635 0.440 0.447 0.799 0.748 0.739
50 0.070 0.078 0.077 0.049 0.067 0.066 0.049 0.063 0.058 0.653 0.273 0.279 0.822 0.463 0.440 0.973 0.759 0.775
100 0.062 0.079 0.078 0.056 0.070 0.071 0.054 0.056 0.061 0.712 0.301 0.298 0.875 0.464 0.465 0.989 0.790 0.765

ρ = 0.8, h = 0.3N
20 0.075 0.061 0.059 0.055 0.055 0.056 0.058 0.057 0.054 0.493 0.255 0.263 0.639 0.434 0.414 0.802 0.730 0.749
50 0.068 0.053 0.053 0.052 0.050 0.052 0.059 0.049 0.053 0.342 0.279 0.272 0.445 0.451 0.448 0.624 0.770 0.759
100 0.074 0.046 0.047 0.054 0.047 0.047 0.059 0.045 0.046 0.251 0.267 0.265 0.344 0.448 0.445 0.484 0.768 0.758

ρ = 0.5, h = 2

CCE-IV

20 0.069 0.081 0.074 0.061 0.070 0.069 0.057 0.058 0.061 0.524 0.267 0.285 0.744 0.453 0.442 0.955 0.760 0.764
50 0.079 0.084 0.083 0.064 0.070 0.069 0.059 0.062 0.062 0.548 0.276 0.271 0.794 0.488 0.464 0.976 0.761 0.772
100 0.080 0.083 0.084 0.063 0.069 0.069 0.059 0.060 0.059 0.552 0.281 0.274 0.806 0.472 0.475 0.979 0.772 0.777

ρ = 0.5, h = 6
20 0.041 0.063 0.066 0.043 0.059 0.060 0.042 0.054 0.055 0.226 0.275 0.264 0.307 0.441 0.457 0.505 0.754 0.755
50 0.066 0.077 0.079 0.056 0.068 0.068 0.052 0.060 0.053 0.273 0.282 0.286 0.439 0.461 0.452 0.715 0.779 0.798
100 0.069 0.081 0.079 0.061 0.067 0.070 0.055 0.057 0.059 0.305 0.279 0.285 0.477 0.478 0.465 0.759 0.786 0.781

ρ = 0.8, h = 6
20 0.038 0.048 0.048 0.031 0.047 0.044 0.037 0.047 0.050 0.453 0.262 0.254 0.575 0.437 0.427 0.700 0.726 0.726
50 0.046 0.073 0.073 0.047 0.063 0.064 0.044 0.061 0.055 0.641 0.271 0.272 0.817 0.462 0.436 0.971 0.766 0.781
100 0.058 0.077 0.073 0.055 0.067 0.071 0.052 0.055 0.060 0.703 0.294 0.294 0.874 0.465 0.456 0.990 0.790 0.766

ρ = 0.8, h = 0.3N
20 0.310 0.051 0.050 0.031 0.046 0.046 0.036 0.046 0.046 0.447 0.250 0.249 0.567 0.420 0.410 0.694 0.716 0.732
50 0.037 0.045 0.046 0.039 0.046 0.046 0.036 0.045 0.045 0.326 0.265 0.265 0.415 0.440 0.435 0.560 0.756 0.744
100 0.033 0.042 0.043 0.034 0.043 0.042 0.038 0.040 0.042 0.241 0.257 0.252 0.328 0.432 0.423 0.447 0.746 0.745

ρ = 0.5, h = 2

Infeasible

20 0.077 0.079 0.076 0.063 0.065 0.063 0.050 0.051 0.051 0.686 0.294 0.298 0.895 0.494 0.487 0.995 0.809 0.801
50 0.078 0.078 0.078 0.063 0.061 0.060 0.049 0.053 0.053 0.649 0.311 0.293 0.882 0.520 0.500 0.995 0.805 0.813
100 0.076 0.077 0.077 0.062 0.060 0.063 0.050 0.052 0.050 0.650 0.305 0.293 0.880 0.506 0.498 0.993 0.813 0.812

ρ = 0.5, h = 6
20 0.080 0.079 0.082 0.064 0.062 0.063 0.050 0.049 0.051 0.478 0.299 0.290 0.699 0.478 0.493 0.953 0.815 0.810
50 0.077 0.076 0.078 0.062 0.065 0.061 0.048 0.052 0.048 0.430 0.306 0.302 0.675 0.487 0.497 0.931 0.824 0.829
100 0.077 0.079 0.076 0.062 0.062 0.065 0.050 0.050 0.053 0.420 0.297 0.314 0.651 0.514 0.495 0.920 0.825 0.814

ρ = 0.8, h = 6
20 0.073 0.073 0.078 0.059 0.064 0.058 0.047 0.052 0.052 0.944 0.306 0.292 0.997 0.481 0.497 1.000 0.806 0.806
50 0.073 0.077 0.078 0.058 0.061 0.063 0.052 0.051 0.047 0.904 0.296 0.289 0.989 0.504 0.466 1.000 0.812 0.816
100 0.074 0.079 0.073 0.061 0.063 0.067 0.049 0.050 0.052 0.899 0.313 0.318 0.983 0.496 0.485 1.000 0.814 0.794

ρ = 0.8, h = 0.3N
20 0.077 0.077 0.077 0.059 0.061 0.063 0.052 0.053 0.052 0.937 0.303 0.290 0.996 0.502 0.461 1.000 0.805 0.801
50 0.073 0.074 0.076 0.063 0.060 0.063 0.053 0.051 0.055 0.847 0.315 0.311 0.968 0.496 0.494 1.000 0.825 0.797
100 0.074 0.075 0.077 0.062 0.063 0.064 0.049 0.050 0.053 0.765 0.309 0.301 0.937 0.500 0.496 0.998 0.810 0.797

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa
i = θi + 0.2.
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Table S16: The Finite Sample Performance of Mean Group Estimators under Experiment 3

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 -0.06 -0.05 0.08 0.02 0.02 0.04 -0.07 0.02 -0.07 8.27 5.34 5.48 5.95 3.86 3.71 3.95 2.72 2.53
50 -0.08 0.00 -0.04 0.03 0.09 0.01 0.00 -0.03 0.03 4.93 3.50 3.21 3.44 2.33 2.30 2.16 1.62 1.67
100 -0.05 -0.03 0.08 0.03 -0.04 -0.08 -0.01 0.01 -0.02 3.31 2.28 2.31 2.74 1.69 1.76 1.74 1.14 1.15

ρ = 0.5, h = 6
20 0.08 0.06 -0.26 0.03 0.04 -0.09 -0.03 -0.06 0.01 11.04 5.16 5.09 8.83 4.03 3.96 5.73 2.60 2.68
50 0.03 0.02 -0.08 0.05 -0.02 0.01 0.01 0.00 0.01 9.03 3.34 3.26 6.63 2.36 2.42 4.55 1.62 1.64
100 -0.06 -0.02 -0.06 -0.01 0.08 -0.10 -0.07 0.08 0.03 6.30 2.24 2.25 4.44 1.67 1.64 3.11 1.19 1.11

ρ = 0.8, h = 6
20 0.04 -0.03 -0.06 -0.04 0.05 -0.03 0.04 0.09 0.02 6.23 5.52 5.75 4.06 4.01 3.99 2.67 2.71 2.78
50 -0.02 -0.08 -0.02 -0.03 0.03 -0.04 0.00 0.10 -0.02 4.81 3.49 3.58 3.15 2.45 2.41 2.09 1.68 1.56
100 -0.02 0.09 -0.03 0.09 0.07 -0.02 0.02 0.07 0.09 3.39 2.41 2.33 2.32 1.69 1.65 1.53 1.15 1.16

ρ = 0.8, h = 0.3N
20 0.03 -0.02 0.10 -0.08 -0.09 -0.08 -0.02 -0.09 -0.02 6.40 5.20 5.22 4.02 3.74 3.75 2.70 2.54 2.66
50 0.08 -0.02 0.06 -0.09 -0.04 0.06 0.07 0.03 0.06 6.27 3.20 3.34 3.56 2.30 2.36 2.35 1.56 1.63
100 -0.09 -0.01 -0.08 -0.04 0.00 0.08 -0.03 0.03 0.03 6.14 2.34 2.47 3.47 1.63 1.76 2.26 1.17 1.16

ρ = 0.5, h = 2

CCE-IV

20 -0.34 -0.09 0.20 -0.19 0.14 0.03 -0.31 0.00 -0.11 8.22 5.21 5.29 5.93 3.82 3.69 3.97 2.71 2.55
50 0.25 -0.04 0.04 -0.09 0.12 0.01 -0.04 -0.01 0.02 5.02 3.51 3.25 3.44 2.33 2.33 2.15 1.62 1.68
100 0.04 -0.02 0.13 0.06 -0.04 -0.06 -0.01 0.01 -0.02 3.31 2.32 2.35 2.74 1.71 1.77 1.73 1.14 1.15

ρ = 0.5, h = 6
20 -2.39 0.00 -0.07 -2.25 -0.02 -0.03 -2.28 -0.21 -0.06 11.37 5.19 5.19 8.03 3.83 3.81 5.86 2.56 2.64
50 -0.24 0.03 -0.01 -0.08 -0.02 0.00 -0.15 -0.02 0.01 8.50 3.27 3.25 6.51 2.35 2.43 4.47 1.61 1.64
100 -0.13 -0.04 -0.09 -0.10 0.12 -0.10 -0.07 0.08 0.01 6.09 2.24 2.27 4.44 1.70 1.63 3.08 1.20 1.12

ρ = 0.8, h = 6
20 -4.54 -0.16 -0.07 -4.85 -0.20 -0.03 -4.60 -0.12 0.00 7.01 5.11 5.39 6.49 3.75 3.82 5.40 2.59 2.65
50 -0.24 -0.06 0.00 -0.15 0.05 -0.05 -0.17 0.08 -0.02 5.09 3.32 3.29 3.54 2.43 2.36 2.31 1.67 1.55
100 -0.11 0.09 -0.05 0.05 0.09 -0.06 0.01 0.07 0.08 3.13 2.43 2.33 2.28 1.71 1.67 1.51 1.13 1.16

ρ = 0.8, h = 0.3N
20 -4.36 -0.26 -0.33 -4.42 -0.25 -0.24 -4.42 -0.29 -0.42 7.94 4.94 4.89 6.63 3.67 3.76 5.62 2.51 2.64
50 -3.50 -0.10 -0.06 -4.24 -0.18 -0.05 -4.36 -0.05 -0.04 6.87 3.08 3.22 5.28 2.31 2.32 4.53 1.57 1.60
100 -4.36 -0.05 -0.12 -4.03 -0.03 -0.20 -3.89 0.00 -0.03 6.70 2.26 2.21 5.07 1.59 1.71 4.07 1.15 1.15

ρ = 0.5, h = 2

Infeasible

20 -0.06 0.03 0.05 0.03 0.03 0.03 -0.05 -0.03 -0.06 6.67 5.09 4.87 4.67 3.60 3.45 3.24 2.55 2.38
50 -0.07 0.01 0.03 0.07 0.00 0.04 -0.04 -0.04 0.09 4.42 3.31 3.02 3.09 2.25 2.22 2.01 1.54 1.58
100 -0.03 -0.05 0.08 0.09 0.01 -0.02 0.00 -0.02 0.01 3.25 2.24 2.23 2.56 1.63 1.69 1.64 1.08 1.09

ρ = 0.5, h = 6
20 0.04 0.06 -0.01 0.04 0.02 -0.02 0.01 -0.09 -0.06 10.85 4.82 4.79 7.85 3.55 3.60 5.21 2.36 2.46
50 -0.08 0.02 0.00 -0.01 -0.02 0.01 0.09 0.04 -0.02 6.74 3.13 3.05 5.42 2.29 2.23 3.53 1.56 1.56
100 0.02 0.01 -0.04 0.03 0.05 -0.08 -0.03 0.09 0.03 5.39 2.17 2.16 3.86 1.59 1.56 2.77 1.14 1.09

ρ = 0.8, h = 6
20 -0.05 0.04 -0.01 0.02 0.02 -0.05 0.02 0.05 0.01 5.04 4.99 4.93 3.33 3.50 3.50 2.18 2.50 2.50
50 -0.03 0.05 0.02 -0.04 0.08 0.00 0.04 0.09 -0.01 3.42 3.22 3.08 2.46 2.36 2.24 1.56 1.60 1.53
100 -0.04 0.07 -0.03 0.03 0.05 0.01 0.02 0.05 0.09 3.08 2.26 2.18 1.76 1.65 1.62 1.23 1.13 1.08

ρ = 0.8, h = 0.3N
20 0.03 0.02 0.07 -0.01 -0.10 0.05 -0.03 -0.09 -0.03 4.75 4.73 4.87 3.26 3.50 3.70 2.58 2.39 2.55
50 -0.09 0.06 0.17 -0.01 -0.05 0.04 0.03 0.02 0.06 3.37 2.98 3.05 2.99 2.19 2.22 1.72 1.50 1.55
100 0.01 -0.06 0.09 0.05 -0.04 -0.07 -0.02 0.03 0.00 3.13 2.23 2.15 1.84 1.56 1.65 1.39 1.12 1.10

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S17: The Size and Power for Mean Group Estimators under Experiment 3

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.061 0.069 0.076 0.066 0.064 0.060 0.062 0.069 0.053 0.958 0.828 0.813 0.998 0.952 0.960 1.000 1.000 1.000
50 0.053 0.077 0.062 0.058 0.055 0.046 0.048 0.054 0.064 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.049 0.046 0.055 0.062 0.054 0.056 0.046 0.058 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.058 0.065 0.067 0.065 0.076 0.061 0.061 0.065 0.068 0.598 0.806 0.814 0.802 0.970 0.978 0.935 1.000 1.000
50 0.067 0.066 0.061 0.054 0.058 0.062 0.062 0.052 0.052 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.058 0.046 0.051 0.054 0.052 0.044 0.058 0.056 0.044 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.066 0.067 0.063 0.069 0.059 0.059 0.067 0.061 0.065 0.756 0.846 0.876 0.948 0.954 0.950 1.000 1.000 1.000
50 0.064 0.058 0.062 0.063 0.054 0.063 0.050 0.056 0.032 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.047 0.051 0.049 0.064 0.046 0.050 0.058 0.050 0.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.058 0.066 0.053 0.066 0.052 0.064 0.069 0.067 0.062 0.735 0.823 0.867 0.926 0.966 0.956 0.999 1.000 1.000
50 0.071 0.048 0.057 0.048 0.044 0.051 0.046 0.044 0.054 0.875 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.048 0.056 0.051 0.054 0.044 0.068 0.045 0.064 0.052 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.062 0.069 0.073 0.071 0.066 0.066 0.073 0.077 0.064 0.960 0.808 0.805 0.998 0.944 0.948 1.000 1.000 1.000
50 0.058 0.079 0.065 0.059 0.051 0.056 0.048 0.058 0.064 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.053 0.045 0.053 0.062 0.062 0.052 0.038 0.048 0.064 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.073 0.069 0.085 0.074 0.079 0.070 0.070 0.069 0.075 0.528 0.788 0.796 0.664 0.966 0.970 0.915 1.000 1.000
50 0.056 0.056 0.051 0.057 0.065 0.067 0.066 0.058 0.068 0.990 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.057 0.047 0.045 0.058 0.054 0.046 0.062 0.072 0.044 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.077 0.065 0.092 0.075 0.053 0.069 0.080 0.061 0.079 0.651 0.824 0.830 0.896 0.954 0.942 1.000 1.000 1.000
50 0.056 0.051 0.059 0.060 0.057 0.061 0.060 0.058 0.044 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.041 0.052 0.049 0.052 0.044 0.060 0.056 0.050 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.087 0.073 0.066 0.100 0.061 0.077 0.105 0.060 0.073 0.598 0.803 0.833 0.859 0.940 0.954 0.999 1.000 1.000
50 0.065 0.052 0.052 0.085 0.047 0.056 0.102 0.056 0.056 0.820 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.079 0.051 0.046 0.084 0.044 0.064 0.092 0.066 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

Infeasible

20 0.070 0.075 0.067 0.062 0.059 0.063 0.062 0.069 0.066 0.991 0.874 0.889 1.000 1.000 0.996 1.000 1.000 1.000
50 0.062 0.064 0.051 0.051 0.053 0.060 0.046 0.062 0.070 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.049 0.054 0.058 0.076 0.048 0.052 0.046 0.040 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.052 0.063 0.063 0.070 0.058 0.077 0.068 0.056 0.067 0.960 0.852 0.863 1.000 1.000 0.999 1.000 1.000 1.000
50 0.065 0.062 0.054 0.049 0.070 0.063 0.052 0.054 0.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.042 0.055 0.051 0.052 0.052 0.056 0.074 0.062 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.069 0.061 0.076 0.067 0.046 0.053 0.058 0.055 0.069 0.994 0.882 0.868 1.000 0.998 0.996 1.000 1.000 1.000
50 0.062 0.059 0.050 0.060 0.060 0.065 0.048 0.054 0.042 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.045 0.053 0.040 0.056 0.048 0.056 0.056 0.074 0.050 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.062 0.061 0.072 0.071 0.046 0.064 0.057 0.065 0.054 0.989 0.893 0.874 1.000 0.999 1.000 1.000 1.000 1.000
50 0.059 0.061 0.041 0.032 0.059 0.056 0.060 0.044 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.057 0.064 0.051 0.046 0.044 0.070 0.054 0.052 0.064 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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Table S18: The Finite Sample Performance of Pooled Estimators under Experiment 3

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.00 -0.04 0.07 0.08 -0.08 0.09 -0.06 -0.03 -0.08 6.84 4.72 4.81 5.34 3.70 3.54 3.70 2.66 2.49
50 -0.09 -0.07 0.03 0.02 0.02 0.07 0.02 -0.05 -0.01 4.05 3.06 2.90 3.16 2.19 2.22 2.15 1.59 1.62
100 -0.01 -0.06 0.01 0.03 -0.06 -0.06 -0.01 0.00 -0.02 2.78 2.10 2.12 2.41 1.65 1.71 1.70 1.13 1.13

ρ = 0.5, h = 6
20 -0.09 -0.08 -0.07 -0.07 -0.04 -0.02 -0.03 -0.02 -0.04 16.27 4.78 4.60 11.95 3.66 3.66 8.32 2.49 2.59
50 -0.06 0.03 -0.07 0.03 -0.09 0.03 0.00 -0.04 0.03 7.20 2.97 2.90 6.02 2.22 2.26 4.25 1.56 1.61
100 0.01 -0.08 -0.03 -0.03 0.01 -0.07 -0.07 0.08 0.02 5.23 2.00 2.00 4.03 1.59 1.60 2.96 1.16 1.11

ρ = 0.8, h = 6
20 -0.03 0.04 -0.03 -0.07 -0.09 -0.01 -0.08 0.05 0.04 9.91 4.70 4.71 7.67 3.51 3.62 5.33 2.51 2.61
50 -0.06 -0.10 -0.02 -0.04 -0.03 -0.06 0.05 0.07 0.02 4.16 2.98 2.90 3.13 2.32 2.21 2.10 1.59 1.51
100 -0.04 0.07 -0.03 0.04 0.01 -0.08 0.02 0.04 0.06 2.54 2.11 2.02 1.88 1.60 1.56 1.41 1.11 1.11

ρ = 0.8, h = 0.3N
20 0.03 -0.02 0.10 -0.08 -0.09 -0.08 -0.02 -0.09 -0.02 9.42 4.67 4.64 7.46 3.58 3.63 5.48 2.47 2.57
50 0.08 -0.07 0.04 -0.09 -0.04 0.06 0.07 0.03 0.06 8.16 2.86 2.95 6.04 2.19 2.20 4.19 1.56 1.55
100 -0.09 -0.01 -0.08 -0.04 0.00 0.08 -0.03 0.03 0.03 7.19 2.10 2.04 5.96 1.55 1.64 3.01 1.11 1.14

ρ = 0.5, h = 2

CCE-IV

20 -0.24 -0.07 0.09 -0.13 -0.08 0.12 -0.26 -0.04 -0.08 7.01 4.78 4.86 5.45 3.73 3.54 3.76 2.67 2.50
50 -0.16 -0.07 0.07 -0.03 0.01 0.07 0.00 -0.05 -0.01 4.16 3.07 2.92 3.18 2.20 2.23 2.14 1.59 1.62
100 0.00 -0.06 0.04 0.05 -0.07 -0.07 -0.01 0.00 -0.02 2.84 2.12 2.14 2.42 1.67 1.72 1.68 1.13 1.13

ρ = 0.5, h = 6
20 -1.07 -0.19 -0.11 -1.01 -0.09 -0.02 -1.10 -0.07 -0.09 16.31 4.81 4.66 11.88 3.66 3.68 8.52 2.49 2.60
50 -0.20 0.03 -0.05 -0.11 -0.08 0.03 -0.10 -0.04 0.03 7.27 2.99 2.94 6.07 2.22 2.29 4.27 1.58 1.61
100 -0.06 -0.11 -0.03 -0.06 0.03 -0.06 -0.06 0.08 0.04 5.29 2.02 2.06 4.09 1.61 1.61 2.96 1.18 1.12

ρ = 0.8, h = 6
20 -1.91 -0.09 -0.09 -1.92 -0.19 -0.02 -1.67 -0.05 0.04 10.95 4.73 4.80 8.60 3.54 3.65 5.96 2.52 2.61
50 -0.21 -0.15 -0.02 -0.14 -0.01 -0.07 -0.09 0.05 0.01 4.20 3.01 2.94 3.11 2.34 2.23 2.12 1.59 1.51
100 -0.09 0.08 -0.04 0.09 0.04 -0.09 0.04 0.05 0.06 2.56 2.15 2.05 1.90 1.63 1.59 1.42 1.10 1.12

ρ = 0.8, h = 0.3N
20 -1.90 -0.25 -0.22 -1.86 -0.12 -0.08 -1.91 -0.21 -0.22 10.11 4.67 4.67 8.07 3.60 3.68 6.07 2.49 2.58
50 -1.55 -0.11 -0.04 -1.48 -0.12 -0.03 -1.50 -0.02 0.03 8.70 2.88 2.97 6.38 2.19 2.24 4.52 1.58 1.54
100 -1.17 -0.06 -0.15 -1.09 0.00 -0.13 -1.04 0.00 -0.01 7.62 2.12 2.06 5.32 1.56 1.64 3.38 1.12 1.15

ρ = 0.5, h = 2

Infeasible

20 0.09 -0.02 0.04 0.08 -0.12 0.05 -0.02 -0.05 -0.05 5.54 4.60 4.42 4.35 3.45 3.32 3.10 2.50 2.31
50 -0.04 -0.12 -0.01 0.05 0.03 0.08 0.00 -0.05 0.07 3.74 2.96 2.70 2.88 2.15 2.13 1.96 1.49 1.52
100 -0.04 -0.10 0.05 0.04 -0.02 -0.02 0.01 -0.03 0.03 2.65 2.02 2.02 2.32 1.57 1.59 1.57 1.07 1.06

ρ = 0.5, h = 6
20 0.08 -0.06 0.00 -0.07 -0.11 -0.02 -0.09 -0.01 -0.10 9.17 4.39 4.31 7.14 3.37 3.45 5.05 2.29 2.40
50 -0.07 0.05 -0.01 0.01 -0.10 0.02 0.08 0.00 0.01 5.88 2.84 2.74 4.89 2.15 2.11 3.31 1.51 1.50
100 -0.01 -0.05 0.00 0.03 -0.03 -0.06 -0.03 0.08 0.02 4.55 1.96 1.93 3.53 1.54 1.53 2.66 1.11 1.08

ρ = 0.8, h = 6
20 -0.13 -0.08 -0.05 0.01 -0.09 -0.05 0.03 -0.03 0.03 4.43 4.58 4.32 3.13 3.27 3.38 2.14 2.42 2.44
50 0.03 -0.07 0.02 0.00 0.02 -0.02 0.08 0.04 0.01 2.92 2.89 2.71 2.21 2.27 2.10 1.47 1.53 1.46
100 -0.03 0.07 -0.02 0.02 -0.01 -0.07 0.04 0.03 0.06 2.08 2.04 1.91 1.57 1.57 1.52 1.15 1.07 1.05

ρ = 0.8, h = 0.3N
20 0.03 0.02 0.07 -0.01 -0.10 0.05 -0.03 -0.09 -0.03 4.67 4.36 4.56 3.26 3.37 3.55 2.16 2.34 2.49
50 -0.09 -0.03 -0.06 -0.01 -0.05 0.04 0.03 0.02 0.06 2.81 2.79 2.83 2.17 2.10 2.14 1.71 1.50 1.52
100 0.01 -0.06 0.09 0.05 -0.04 -0.07 -0.02 0.03 0.00 2.07 2.08 2.00 1.79 1.51 1.55 1.27 1.08 1.08

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S19: The Size and Power for Pooled Estimators under Experiment 3

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.074 0.073 0.078 0.071 0.072 0.075 0.062 0.051 0.048 0.985 0.890 0.898 1.000 0.991 0.995 1.000 1.000 1.000
50 0.061 0.074 0.058 0.065 0.049 0.064 0.056 0.068 0.074 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.047 0.054 0.069 0.054 0.060 0.066 0.048 0.056 0.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.081 0.076 0.070 0.077 0.072 0.078 0.061 0.056 0.060 0.635 0.898 0.902 0.815 0.974 0.979 1.000 1.000 1.000
50 0.065 0.070 0.065 0.064 0.056 0.065 0.054 0.052 0.058 0.983 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.054 0.054 0.051 0.066 0.052 0.048 0.052 0.056 0.054 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.069 0.087 0.078 0.069 0.056 0.064 0.057 0.057 0.061 0.875 0.888 0.912 0.965 0.980 0.980 1.000 1.000 1.000
50 0.057 0.068 0.053 0.061 0.070 0.064 0.050 0.056 0.042 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.049 0.061 0.055 0.046 0.056 0.058 0.056 0.052 0.052 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.070 0.075 0.081 0.063 0.067 0.067 0.059 0.064 0.060 0.895 0.900 0.883 0.974 0.984 0.981 1.000 1.000 1.000
50 0.060 0.057 0.066 0.047 0.055 0.056 0.056 0.052 0.062 0.961 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.062 0.061 0.048 0.044 0.046 0.058 0.046 0.066 0.064 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.080 0.080 0.084 0.093 0.096 0.074 0.091 0.098 0.072 0.985 0.889 0.895 1.000 0.993 0.994 1.000 1.000 1.000
50 0.067 0.073 0.053 0.057 0.052 0.072 0.056 0.064 0.070 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.048 0.048 0.059 0.050 0.064 0.064 0.052 0.058 0.064 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.086 0.092 0.080 0.091 0.086 0.086 0.089 0.073 0.081 0.625 0.869 0.871 0.763 0.954 0.969 1.000 1.000 1.000
50 0.067 0.064 0.061 0.066 0.057 0.076 0.074 0.056 0.066 0.975 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.050 0.052 0.058 0.068 0.054 0.054 0.068 0.068 0.056 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.065 0.086 0.089 0.083 0.072 0.071 0.096 0.067 0.077 0.853 0.865 0.871 0.905 0.979 0.980 1.000 1.000 1.000
50 0.061 0.062 0.064 0.063 0.069 0.067 0.048 0.068 0.040 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.049 0.061 0.054 0.042 0.060 0.060 0.054 0.052 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.094 0.076 0.085 0.094 0.073 0.079 0.116 0.078 0.085 0.861 0.875 0.880 0.954 0.969 0.981 1.000 1.000 1.000
50 0.072 0.058 0.065 0.068 0.055 0.061 0.074 0.062 0.050 0.918 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.065 0.055 0.044 0.068 0.042 0.062 0.068 0.066 0.066 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 2

Infeasible

20 0.069 0.080 0.080 0.072 0.076 0.081 0.066 0.059 0.069 0.995 0.909 0.915 1.000 1.000 1.000 1.000 1.000 1.000
50 0.056 0.073 0.048 0.060 0.056 0.067 0.058 0.052 0.066 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.059 0.051 0.063 0.064 0.052 0.048 0.048 0.056 0.070 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.063 0.073 0.075 0.071 0.068 0.088 0.046 0.059 0.058 0.955 0.903 0.911 1.000 1.000 0.989 1.000 1.000 1.000
50 0.072 0.069 0.060 0.056 0.057 0.064 0.042 0.058 0.062 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.043 0.054 0.055 0.062 0.062 0.054 0.050 0.064 0.070 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.070 0.074 0.071 0.071 0.044 0.061 0.049 0.064 0.055 0.994 0.915 0.921 1.000 0.999 1.000 1.000 1.000 1.000
50 0.046 0.069 0.051 0.057 0.065 0.063 0.046 0.052 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.050 0.059 0.043 0.044 0.054 0.064 0.058 0.064 0.046 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ρ = 0.8, h = 0.3N
20 0.070 0.074 0.076 0.059 0.064 0.077 0.055 0.061 0.055 0.991 0.903 0.919 1.000 1.000 1.000 1.000 1.000 1.000
50 0.058 0.053 0.054 0.046 0.060 0.052 0.054 0.060 0.064 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
100 0.064 0.069 0.050 0.056 0.042 0.052 0.052 0.066 0.058 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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S4.4 Simulation Results for Pooled Estimators under Experiment 4

In the main text we report the simulation results for the individual and Mean Group estimators

under Experiment 4. Here we provide the additional simulation results for the Pooled estimator

under Experiment 4 in Tables S20 and S21.

From Table S20 we observe that the Pooled estimators for (ρ, β1, β2) all exhibit large biases

which do not disappear as either N or T increases, and they also suffer from severe size distortions

in all the sample sizes, see Table S21. These results are in line with the results reported for

Experiment 2 in Section S4.2, and verify Theorem 3 that the Pooled estimator is inconsistent if the

parameters are heterogeneous.

Moreover, as mentioned in Section S4.2, we also provide the bias results of the CCEX-IV Pooled

estimator under the different values of variance of ξρi with ρ = 0.5 and h = 2 in Table S22 at the

end of this Section. It clear shows that the bias of the Pooled estimator rises with var(ξρi) in

particular for the estimation of ρ.
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Table S20: The Finite Sample Performance of Pooled Estimators under Experiment 4

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.38 -0.17 -0.27 0.32 -0.14 -0.33 0.32 0.15 0.26 4.34 12.58 9.22 3.38 12.00 8.22 2.78 11.79 7.51
50 0.36 -0.44 0.07 0.38 0.13 -0.34 0.33 0.07 -0.17 2.51 7.69 5.59 2.06 7.60 5.53 1.80 7.21 4.54
100 0.32 0.08 0.03 0.28 0.10 0.13 0.17 0.31 0.00 1.70 5.62 4.08 1.35 5.31 3.99 1.18 5.33 3.34

ρ = 0.5, h = 6
20 0.35 0.03 0.05 -0.38 -1.13 0.17 0.43 0.69 -0.01 7.77 12.69 9.23 6.00 12.45 8.08 4.79 11.50 7.56
50 0.34 -0.63 -0.09 0.28 -0.15 -0.29 0.24 0.660 0.36 3.73 7.51 5.70 3.14 7.40 4.82 2.25 6.90 4.96
100 0.32 0.33 -0.01 0.21 0.23 0.75 0.20 -0.21 0.07 2.53 5.82 3.92 2.07 5.39 3.82 1.40 5.23 3.35

ρ = 0.8, h = 6
20 0.37 -0.31 0.11 0.44 0.94 0.08 0.46 -0.03 0.25 5.79 12.61 9.07 4.15 12.28 8.13 3.22 12.06 7.33
50 0.39 0.05 -0.32 0.43 0.51 0.80 0.43 0.24 0.05 2.38 8.13 5.60 2.02 7.52 4.97 1.63 7.10 4.49
100 0.33 0.32 0.39 0.36 -0.36 -0.18 0.41 0.05 -0.04 1.42 5.83 4.08 1.33 5.67 3.36 1.14 5.09 3.48

ρ = 0.8, h = 0.3N
20 0.42 0.22 -0.22 0.39 -0.36 0.34 0.40 -0.24 0.06 5.05 12.31 9.42 4.82 12.42 7.80 3.58 11.55 7.36
50 0.43 0.17 -0.17 0.39 0.01 -0.03 0.33 0.11 -0.03 4.73 8.52 5.33 3.98 7.99 5.09 2.84 7.20 4.49
100 -0.39 -0.08 0.30 -0.23 -0.76 0.21 0.33 0.29 0.33 4.60 6.16 3.93 3.67 5.67 3.60 2.82 5.35 3.38

ρ = 0.5, h = 2

CCE-IV

20 -0.39 -0.38 -0.22 -0.46 -0.37 -0.04 -0.48 0.26 0.02 4.44 12.61 9.24 3.54 12.01 8.24 2.81 11.83 7.54
50 0.42 -0.26 0.26 0.40 0.26 -0.29 0.41 0.31 -0.30 2.56 7.70 5.72 2.08 7.56 5.50 1.71 7.28 4.58
100 0.44 0.06 -0.02 0.35 0.08 0.07 0.36 0.23 -0.03 1.67 5.66 3.98 1.45 5.31 3.91 1.30 5.22 3.45

ρ = 0.5, h = 6
20 -1.01 -0.13 -0.22 -1.25 -1.12 -0.03 -1.08 0.19 -0.17 8.09 12.74 9.15 6.48 12.48 8.10 4.99 11.50 7.58
50 0.38 -0.79 -0.15 -0.62 -0.48 -0.16 0.25 0.28 0.35 3.85 7.54 5.65 3.08 7.40 4.64 2.23 6.96 4.95
100 0.25 0.23 -0.03 -0.10 0.24 0.39 0.22 -0.17 0.08 2.58 5.83 3.93 2.05 5.46 3.81 1.45 5.29 3.21

ρ = 0.8, h = 6
20 -1.70 -0.49 0.10 -1.71 0.93 -0.10 -1.78 -0.16 -0.03 6.58 12.66 9.19 4.84 12.20 8.03 3.90 12.08 7.34
50 0.41 0.88 -0.16 0.44 0.24 0.16 0.49 0.23 -0.06 2.36 8.15 5.54 2.01 7.55 4.84 1.79 7.09 4.31
100 0.26 0.40 0.20 0.40 -0.32 -0.21 0.50 0.06 -0.07 1.50 5.84 4.05 1.34 5.48 3.46 0.95 5.23 3.50

ρ = 0.8, h = 0.3N
20 -1.77 0.13 -0.28 -1.89 -0.25 0.14 -1.74 -0.13 -0.12 5.98 12.35 9.23 5.29 12.36 7.90 4.14 11.39 7.44
50 -1.28 0.19 -0.30 -1.38 -0.05 -0.09 -0.91 0.09 -0.09 5.24 8.43 5.42 4.38 8.04 5.18 3.35 7.25 4.49
100 -1.68 -0.59 0.24 -1.48 -0.47 0.19 -0.83 0.54 0.24 4.99 6.18 3.89 3.96 5.78 3.66 3.07 5.35 3.32

ρ = 0.5, h = 2

Infeasible

20 0.37 -0.37 -0.29 0.40 -0.05 -0.18 0.39 0.32 0.25 3.60 12.41 9.12 2.92 11.87 8.22 2.52 11.75 7.54
50 0.41 -0.29 0.25 0.33 0.23 -0.22 0.43 0.14 -0.20 2.24 7.59 5.65 1.97 7.53 5.60 1.78 7.26 4.51
100 0.42 0.18 -0.06 0.44 0.10 0.17 0.29 0.23 -0.06 1.64 5.57 3.91 1.37 5.37 3.78 1.14 5.32 3.02

ρ = 0.5, h = 6
20 0.48 0.06 -0.11 -0.43 -1.18 -0.08 0.23 0.51 -0.17 4.65 12.68 9.22 3.72 12.42 8.03 2.97 11.46 7.61
50 0.34 -0.41 -0.24 0.26 -0.37 -0.25 0.15 0.31 0.20 2.89 7.59 5.68 2.25 7.31 4.63 1.83 6.82 4.91
100 0.29 0.24 -0.05 0.39 0.28 0.68 0.29 -0.29 0.03 2.17 5.61 3.85 1.71 5.42 3.75 1.19 5.15 3.28

ρ = 0.8, h = 6
20 0.28 -0.17 0.15 0.29 1.04 0.00 0.29 -0.19 0.09 3.00 12.59 9.57 2.35 12.30 8.07 2.15 12.01 7.27
50 0.53 0.02 -0.14 0.40 0.26 0.48 0.47 0.25 0.05 1.73 8.13 5.58 1.63 7.63 4.91 1.54 7.13 4.43
100 0.40 0.26 0.21 0.43 -0.41 -0.29 0.39 0.05 0.01 1.29 5.82 4.04 0.99 5.61 3.34 1.03 5.16 3.45

ρ = 0.8, h = 0.3N
20 0.36 0.04 -0.43 0.30 -0.62 0.14 -0.36 -0.47 0.06 2.73 12.29 9.25 2.73 12.08 7.76 2.45 11.52 7.28
50 0.41 -0.18 -0.12 0.41 0.22 -0.02 0.31 0.22 -0.06 2.01 8.50 5.29 1.79 7.88 5.05 1.43 7.30 4.50
100 -0.43 -0.24 0.26 -0.28 -0.16 0.26 0.33 0.24 0.27 1.33 6.16 3.93 1.27 5.61 3.73 1.16 5.31 3.45

Notes: The simulation results are based on the DGP specified in Section 4.
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Table S21: The Size and Power for Pooled Estimators under Experiment 4

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.081 0.061 0.091 0.089 0.050 0.077 0.087 0.071 0.076 0.562 0.261 0.377 0.717 0.290 0.534 0.874 0.333 0.579
50 0.042 0.073 0.046 0.101 0.060 0.085 0.058 0.062 0.075 0.946 0.598 0.868 0.960 0.615 0.874 1.000 0.693 0.953
100 0.078 0.050 0.072 0.071 0.061 0.061 0.074 0.057 0.061 1.000 0.843 0.971 1.000 0.969 0.992 1.000 0.987 1.000

ρ = 0.5, h = 6
20 0.073 0.082 0.067 0.108 0.056 0.074 0.068 0.062 0.078 0.274 0.255 0.455 0.347 0.303 0.448 0.477 0.366 0.528
50 0.070 0.063 0.071 0.088 0.075 0.045 0.050 0.072 0.066 0.695 0.640 0.801 0.825 0.680 0.903 0.950 0.727 0.937
100 0.066 0.078 0.053 0.070 0.049 0.063 0.075 0.055 0.045 0.921 0.926 0.992 1.000 0.969 1.000 0.999 0.981 1.000

ρ = 0.8, h = 6
20 0.091 0.050 0.083 0.103 0.073 0.064 0.081 0.101 0.056 0.407 0.278 0.444 0.522 0.298 0.514 0.740 0.311 0.567
50 0.091 0.079 0.048 0.050 0.058 0.060 0.049 0.047 0.057 0.967 0.627 0.872 0.964 0.631 0.880 0.983 0.720 0.931
100 0.056 0.050 0.066 0.101 0.089 0.058 0.071 0.040 0.052 1.000 0.840 0.988 1.000 0.895 0.987 0.986 0.920 1.000

ρ = 0.8, h = 0.3N
20 0.106 0.050 0.094 0.075 0.070 0.066 0.075 0.068 0.062 0.479 0.270 0.433 0.506 0.322 0.539 0.577 0.378 0.581
50 0.051 0.068 0.059 0.067 0.075 0.082 0.076 0.065 0.041 0.480 0.479 0.835 0.647 0.521 0.862 0.888 0.534 0.931
100 0.040 0.083 0.049 0.068 0.066 0.055 0.083 0.097 0.081 0.584 0.838 0.982 0.752 0.902 0.989 0.918 0.918 0.996

ρ = 0.5, h = 2

CCE-IV

20 0.063 0.098 0.098 0.085 0.081 0.082 0.094 0.081 0.091 0.535 0.272 0.371 0.730 0.296 0.554 0.891 0.332 0.547
50 0.049 0.074 0.074 0.081 0.084 0.082 0.064 0.074 0.084 0.933 0.589 0.834 0.962 0.637 0.866 0.980 0.668 0.936
100 0.066 0.062 0.077 0.065 0.045 0.058 0.080 0.050 0.038 0.987 0.840 0.961 1.000 0.925 0.979 0.987 0.980 1.000

ρ = 0.5, h = 6
20 0.084 0.096 0.099 0.13 0.081 0.078 0.089 0.064 0.105 0.283 0.251 0.469 0.334 0.299 0.510 0.419 0.364 0.504
50 0.069 0.051 0.084 0.110 0.063 0.045 0.041 0.044 0.084 0.682 0.631 0.803 0.848 0.658 0.938 0.947 0.728 0.918
100 0.054 0.029 0.047 0.030 0.035 0.078 0.061 0.060 0.063 0.918 0.955 1.000 1.000 0.986 0.972 0.987 0.984 1.000

ρ = 0.8, h = 6
20 0.110 0.083 0.086 0.106 0.092 0.082 0.101 0.091 0.077 0.411 0.316 0.425 0.478 0.347 0.513 0.717 0.318 0.602
50 0.068 0.042 0.042 0.047 0.046 0.064 0.057 0.056 0.068 0.959 0.618 0.868 0.984 0.623 0.879 0.998 0.712 0.910
100 0.067 0.048 0.078 0.112 0.087 0.074 0.040 0.040 0.063 0.985 0.868 0.990 1.000 0.883 0.989 0.986 0.947 0.995

ρ = 0.8, h = 0.3N
20 0.093 0.076 0.081 0.094 0.082 0.097 0.090 0.092 0.062 0.431 0.274 0.420 0.462 0.281 0.513 0.537 0.383 0.562
50 0.075 0.094 0.058 0.022 0.104 0.078 0.095 0.063 0.064 0.470 0.472 0.835 0.614 0.484 0.871 0.866 0.514 0.957
100 0.037 0.063 0.047 0.051 0.073 0.048 0.058 0.090 0.074 0.572 0.818 0.981 0.730 0.915 0.976 0.888 0.916 0.993

ρ = 0.5, h = 2

Infeasible

20 0.064 0.070 0.096 0.074 0.063 0.076 0.077 0.078 0.084 0.698 0.279 0.381 0.840 0.295 0.573 0.918 0.346 0.573
50 0.031 0.058 0.055 0.093 0.078 0.076 0.080 0.059 0.070 0.968 0.586 0.856 0.987 0.629 0.883 0.979 0.763 0.993
100 0.065 0.063 0.063 0.045 0.067 0.054 0.078 0.053 0.032 1.000 0.903 0.972 1.000 0.964 1.000 1.000 0.992 1.000

ρ = 0.5, h = 6
20 0.085 0.070 0.10 0.099 0.061 0.091 0.068 0.053 0.071 0.503 0.257 0.462 0.670 0.315 0.511 0.774 0.368 0.548
50 0.063 0.067 0.062 0.094 0.065 0.042 0.059 0.022 0.081 0.894 0.655 0.815 0.944 0.683 0.911 0.996 0.733 0.939
100 0.037 0.038 0.053 0.051 0.051 0.084 0.045 0.055 0.059 0.979 0.965 0.978 0.994 0.983 0.980 1.000 0.997 1.000

ρ = 0.8, h = 6
20 0.089 0.076 0.077 0.070 0.089 0.055 0.054 0.087 0.066 0.811 0.274 0.385 0.922 0.314 0.521 0.969 0.353 0.605
50 0.061 0.056 0.046 0.041 0.058 0.085 0.073 0.052 0.064 0.989 0.667 0.879 1.000 0.636 0.898 1.000 0.745 0.926
100 0.062 0.082 0.060 0.103 0.078 0.063 0.055 0.041 0.058 1.000 0.855 0.976 1.000 0.914 0.996 1.000 0.944 1.000

ρ = 0.8, h = 0.3N
20 0.076 0.069 0.096 0.079 0.073 0.060 0.065 0.058 0.067 0.856 0.261 0.438 0.889 0.327 0.555 0.944 0.416 0.595
50 0.056 0.074 0.053 0.077 0.075 0.088 0.073 0.068 0.045 0.978 0.485 0.847 0.988 0.520 0.865 1.000 0.664 0.960
100 0.045 0.083 0.044 0.084 0.060 0.079 0.060 0.075 0.074 1.000 0.815 0.989 1.000 0.884 0.984 1.000 0.918 0.997

Notes: The simulation results are based on the DGP specified in Section 4. The alternative for the power test is θa = θ + 0.2.
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Table S22: Biases (×100) of the CCEX-IV Pooled Estimator under Experiment 4

20 50 100
(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2

ρi ∼ U(0.3, 0.7), h = 2
20 0.33 0.49 0.30 0.41 0.19 0.19 0.30 0.32 -0.33
50 0.31 0.06 0.11 0.35 0.34 -0.16 0.32 -0.92 0.17
100 0.23 0.34 0.08 0.37 -0.20 -0.04 0.29 0.45 0.18

ρi ∼ U(0.15, 0.85), h = 2
20 0.58 -0.32 -0.09 0.71 -0.53 -0.30 0.55 -0.64 0.52
50 0.66 -0.19 0.06 0.76 0.25 -0.08 0.51 0.31 -0.5
100 0.73 -0.12 -0.36 0.77 -0.22 -0.16 0.60 -0.09 -0.10

ρi ∼ U(0, 1), h = 2
20 1.47 -0.42 0.02 1.49 0.46 -0.06 1.35 -0.10 -0.11
50 1.30 0.43 -0.11 1.40 -0.13 0.19 1.34 0.15 -0.05
100 1.75 -0.23 0.37 1.70 0.19 -0.36 1.29 0.75 -0.07

S4.5 Additional Simulations for Non-Zero Mean Factor Loadings

In this section, we provide the simulation results for non-zero mean factor loadings with γ1i(γ2i) ∼
IIDN(0.5, 0.5) under Experiment 4 in Tables S23 to S28.

The biases of the individual and Mean Group estimators are qualitatively similar to those

reported in the main text. The biases of the CCEX-IV estimators for (ρ, β1, β2) are more or less

negligible and close to those of the infeasible estimator in almost all cases. On the other hand, the

CCE-IV estimator tends to display non-negligible biases as h or ρ rises, especially for N = 20. If

the spatial weighing matrix is dense with h = 0.3N , then the bias of the CCE-IV estimator for

the spatial coefficient does not disappear even for large N . Meanwhile, the Pooled estimators for

(ρ, β1, β2) all exhibit large biases, which do not disappear even as N or T rises.

We find that RMSEs display some interesting patterns for the individual and Mean Group

estimators. In terms of RMSEs CCE-IV outperform CCEX-IV for ρ = 0.5, h = 2 and ρ = 0.5, h = 6.

This is not surprising since the biases of CCE-IV are now relatively small such that the efficiency

gain of using ȳt as an additional factor proxy, quickly offsets the biases, leading to the smaller

RMSEs. However, for ρ = 0.8, h = 6, CCEX-IV outperforms CCE-IV for the estimation of ρ due

to the higher biases of CCE-IV if N is small, whilst CCE-IV outperforms CCEX-IV only for large

N . When ρ = 0.8, h = 0.3N , CCEX-IV outperforms CCE-IV for the estimation of ρ for all N .

The sizes of the t-test for the CCEX-IV individual and Mean Group estimators all tend to the

5% nominal level as the sample size increases. But, the test for CCE-IV spatial coefficient tends

to display slight size distortions if N is small and for all N when h = 0.3N . Due to its biases, the

Pooled estimator suffers from severe size distortion, which does not disappear even as the sample

size rises.

The powers of the t-tests for CCEX-IV and CCE-IV estimators exhibit similar pattern to the

RMSEs of the estimators; that is, CCE-IV tends to have higher power when ρ = 0.5, h = 2 and

ρ = 0.5, h = 6, but they both tend to 1 as the sample size rises.
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Table S23: The Finite Sample Performance of Individual Estimators under Experiment 4 with Non-Zero Mean
Loadings

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 -0.03 -0.03 -0.07 0.03 -0.09 -0.08 -0.04 -0.01 0.02 13.01 15.44 15.30 9.13 11.44 11.50 6.06 7.98 8.05
50 -0.04 0.04 -0.04 0.08 -0.09 -0.08 0.04 -0.02 -0.07 11.95 14.96 15.05 8.28 11.06 11.14 5.78 7.61 7.67
100 -0.02 -0.05 0.00 0.02 -0.06 0.05 -0.01 -0.03 0.00 11.04 14.79 14.85 8.26 10.85 10.97 5.77 7.50 7.52

ρ = 0.5, h = 6
20 0.08 -0.08 -0.04 0.05 0.06 -0.06 0.08 -0.02 -0.04 28.47 14.96 15.12 19.44 11.03 11.02 14.02 7.91 7.76
50 -0.01 -0.08 -0.03 -0.09 0.05 0.05 0.03 0.09 -0.04 20.09 14.61 14.62 14.65 10.87 10.83 10.15 7.67 7.61
100 0.09 -0.09 0.07 0.07 -0.09 0.04 0.04 -0.08 -0.03 18.69 14.45 14.37 13.96 10.64 10.69 9.30 7.41 7.47

ρ = 0.8, h = 6
20 -0.07 0.08 -0.05 -0.05 0.09 0.03 0.03 -0.01 0.05 21.61 16.00 15.99 15.21 11.39 11.47 10.64 7.99 8.11
50 -0.07 0.02 -0.04 -0.03 0.03 0.03 -0.07 0.05 0.03 14.49 14.71 14.62 10.83 10.96 10.93 7.51 7.38 7.48
100 0.02 -0.04 0.04 -0.01 0.05 -0.09 -0.08 0.09 -0.02 13.45 14.45 14.70 9.53 10.75 10.83 6.58 7.33 7.29

ρ = 0.8, h = 0.3N
20 -0.02 0.03 -0.06 0.00 -0.07 -0.06 -0.01 0.02 0.01 21.23 15.87 15.93 15.26 11.52 11.49 10.69 8.02 8.01
50 0.02 0.08 -0.03 -0.03 -0.04 0.06 -0.03 -0.04 -0.06 29.74 14.82 14.94 23.01 10.84 10.95 16.80 7.49 7.52
100 0.07 0.08 -0.02 -0.08 -0.05 0.00 0.05 -0.01 -0.10 39.85 14.26 14.19 31.67 10.33 10.34 21.60 7.13 7.17

ρ = 0.5, h = 2

CCE-IV

20 -0.22 -0.08 -0.09 -0.22 -0.15 -0.09 -0.19 -0.04 0.03 12.58 14.94 14.52 8.79 10.82 10.85 5.69 7.71 7.44
50 -0.11 0.03 -0.02 0.02 -0.11 -0.05 0.05 -0.02 -0.08 11.46 14.38 14.41 7.89 10.55 10.53 5.42 7.17 7.18
100 -0.01 -0.02 0.00 0.01 -0.06 0.04 -0.03 -0.03 -0.01 10.59 14.22 14.26 7.79 10.37 10.46 5.47 7.08 7.12

ρ = 0.5, h = 6
20 -0.57 -0.21 -0.53 -0.55 0.01 -0.13 -0.63 -0.02 -0.11 28.36 14.86 14.83 19.23 10.68 10.81 13.84 7.89 7.51
50 -0.11 -0.08 -0.03 -0.40 0.06 0.02 0.18 0.10 -0.06 19.68 14.27 14.25 14.17 10.54 10.46 9.54 7.28 7.18
100 0.09 -0.08 0.10 0.04 -0.10 0.03 0.11 -0.08 -0.06 18.26 14.20 14.17 13.27 10.33 10.38 8.86 7.06 7.07

ρ = 0.8, h = 6
20 -2.48 0.16 -0.28 -3.37 0.01 -0.20 -3.75 -0.18 -0.22 22.93 15.56 15.83 16.98 10.90 10.92 12.52 7.69 7.58
50 -0.27 0.01 -0.08 -0.26 0.06 0.01 -0.20 0.06 0.01 13.95 14.44 14.44 10.41 10.60 10.56 7.00 7.13 7.19
100 -0.05 -0.03 0.04 -0.06 0.14 -0.07 -0.14 0.08 0.01 12.99 14.20 14.30 9.04 10.43 10.47 6.22 7.10 7.09

ρ = 0.8, h = 0.3N
20 -2.79 -0.03 -0.28 -3.08 -0.19 -0.29 -3.59 -0.05 -0.19 22.88 15.61 15.52 16.33 10.91 10.94 12.36 7.55 7.56
50 -1.47 0.08 -0.07 -2.88 -0.08 0.02 -3.27 -0.10 -0.15 34.18 14.71 14.65 25.11 10.71 10.83 15.36 7.26 7.38
100 -1.93 0.04 0.00 -2.53 -0.11 -0.06 -1.64 -0.04 -0.08 42.62 14.11 14.18 36.14 10.19 10.21 21.84 7.03 7.04

ρ = 0.5, h = 2

Infeasible

20 -0.02 -0.05 -0.03 0.02 -0.03 -0.07 -0.01 -0.06 0.01 9.74 13.62 13.48 6.89 10.01 10.15 4.40 6.87 6.84
50 -0.03 0.04 0.03 0.04 -0.09 -0.03 0.04 -0.03 -0.04 9.92 13.58 13.60 6.80 10.02 9.96 4.67 6.77 6.84
100 -0.03 -0.05 0.00 0.02 -0.03 0.06 0.02 -0.03 0.00 9.47 13.57 13.55 7.01 9.96 10.02 4.92 6.80 6.84

ρ = 0.5, h = 6
20 0.07 -0.03 -0.07 0.04 0.03 -0.06 0.01 0.00 -0.08 13.65 13.62 13.56 9.78 9.89 9.93 6.95 6.82 6.79
50 -0.04 -0.06 -0.05 -0.01 0.06 0.05 0.04 0.02 -0.06 14.09 13.46 13.41 10.24 10.03 9.94 6.92 6.87 6.78
100 0.03 -0.07 0.07 0.08 -0.05 0.03 0.12 -0.08 -0.05 14.34 13.52 13.46 10.47 9.92 9.96 7.06 6.78 6.81

ρ = 0.8, h = 6
20 -0.03 0.07 -0.08 -0.04 0.70 -0.01 0.00 0.03 0.02 8.24 13.64 13.76 6.16 9.99 10.16 4.21 6.76 6.91
50 -0.04 -0.01 -0.04 -0.09 -0.01 -0.01 -0.04 0.06 -0.01 9.20 13.60 13.70 6.79 10.02 10.12 4.68 6.78 6.90
100 0.01 -0.04 0.04 -0.03 0.04 -0.06 -0.04 0.08 0.02 9.52 13.52 13.68 6.84 10.01 10.08 4.68 6.84 6.87

ρ = 0.8, h = 0.3N
20 0.05 -0.04 -0.08 0.02 0.00 -0.05 0.01 0.02 0.00 8.23 13.48 13.64 5.82 9.93 10.18 4.14 6.86 6.86
50 -0.03 0.10 0.00 -0.04 -0.01 0.08 -0.08 0.00 -0.02 10.83 13.58 13.66 8.02 9.97 9.97 5.50 6.88 6.85
100 0.06 0.02 0.02 -0.02 -0.08 -0.06 0.04 -0.02 -0.05 13.02 13.63 13.56 9.67 9.98 9.99 6.63 6.86 6.93

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5).
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Table S24: The Size and Power of Individual Estimators under Experiment 4 with Non-Zero Mean Loadings

Size Power
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.071 0.077 0.077 0.060 0.066 0.069 0.058 0.059 0.062 0.366 0.259 0.249 0.553 0.403 0.412 0.857 0.713 0.707
50 0.069 0.076 0.076 0.054 0.061 0.060 0.050 0.051 0.052 0.387 0.257 0.259 0.629 0.433 0.424 0.889 0.728 0.730
100 0.066 0.073 0.072 0.046 0.057 0.059 0.046 0.048 0.048 0.426 0.266 0.267 0.643 0.441 0.434 0.895 0.752 0.753

ρ = 0.5, h = 6
20 0.050 0.067 0.064 0.048 0.066 0.066 0.054 0.062 0.055 0.158 0.250 0.249 0.232 0.432 0.415 0.344 0.691 0.695
50 0.068 0.070 0.069 0.052 0.070 0.068 0.058 0.052 0.060 0.191 0.254 0.265 0.294 0.425 0.436 0.503 0.745 0.735
100 0.069 0.068 0.068 0.060 0.065 0.067 0.051 0.057 0.047 0.201 0.265 0.269 0.312 0.439 0.442 0.575 0.754 0.765

ρ = 0.8, h = 6
20 0.054 0.065 0.064 0.057 0.059 0.062 0.054 0.060 0.054 0.285 0.261 0.254 0.364 0.434 0.410 0.539 0.731 0.727
50 0.062 0.078 0.077 0.055 0.067 0.065 0.053 0.055 0.060 0.325 0.257 0.259 0.486 0.426 0.439 0.716 0.743 0.734
100 0.064 0.075 0.076 0.048 0.064 0.064 0.053 0.055 0.055 0.346 0.267 0.269 0.539 0.442 0.439 0.817 0.752 0.762

ρ = 0.8, h = 0.3N
20 0.046 0.063 0.064 0.047 0.059 0.062 0.046 0.053 0.059 0.280 0.263 0.264 0.399 0.416 0.415 0.575 0.723 0.727
50 0.056 0.056 0.059 0.056 0.053 0.053 0.053 0.053 0.051 0.199 0.253 0.246 0.251 0.434 0.413 0.359 0.728 0.736
100 0.055 0.048 0.047 0.058 0.042 0.044 0.051 0.046 0.047 0.134 0.251 0.258 0.181 0.426 0.426 0.250 0.731 0.724

ρ = 0.5, h = 2

CCE-IV

20 0.073 0.071 0.069 0.064 0.058 0.059 0.070 0.059 0.054 0.365 0.267 0.261 0.585 0.448 0.456 0.904 0.751 0.748
50 0.063 0.069 0.069 0.053 0.057 0.055 0.047 0.046 0.046 0.403 0.275 0.274 0.668 0.458 0.464 0.922 0.777 0.775
100 0.063 0.068 0.067 0.054 0.054 0.056 0.044 0.046 0.046 0.443 0.275 0.282 0.671 0.466 0.461 0.921 0.785 0.789

ρ = 0.5, h = 6
20 0.042 0.060 0.057 0.046 0.048 0.051 0.043 0.059 0.048 0.156 0.258 0.265 0.236 0.447 0.452 0.371 0.721 0.725
50 0.063 0.066 0.064 0.047 0.056 0.054 0.045 0.050 0.047 0.192 0.267 0.277 0.305 0.445 0.468 0.535 0.769 0.775
100 0.065 0.065 0.065 0.048 0.054 0.054 0.041 0.045 0.046 0.204 0.279 0.280 0.328 0.461 0.470 0.604 0.794 0.790

ρ = 0.8, h = 6
20 0.032 0.054 0.052 0.320 0.047 0.048 0.033 0.047 0.045 0.276 0.254 0.258 0.361 0.444 0.406 0.511 0.732 0.719
50 0.056 0.065 0.063 0.041 0.055 0.053 0.039 0.045 0.046 0.337 0.271 0.274 0.514 0.444 0.463 0.737 0.764 0.768
100 0.060 0.062 0.062 0.046 0.052 0.052 0.052 0.045 0.045 0.359 0.279 0.280 0.562 0.464 0.469 0.849 0.783 0.787

ρ = 0.8, h = 0.3N
20 0.320 0.052 0.052 0.033 0.045 0.045 0.034 0.046 0.044 0.267 0.262 0.268 0.382 0.418 0.410 0.560 0.725 0.729
50 0.033 0.049 0.049 0.035 0.043 0.042 0.031 0.041 0.038 0.187 0.261 0.263 0.248 0.446 0.439 0.356 0.744 0.753
100 0.037 0.042 0.041 0.038 0.037 0.036 0.034 0.038 0.038 0.133 0.256 0.262 0.180 0.438 0.445 0.256 0.748 0.747

ρ = 0.5, h = 2

Infeasible

20 0.064 0.066 0.063 0.051 0.054 0.057 0.051 0.053 0.052 0.501 0.293 0.307 0.753 0.475 0.489 0.980 0.800 0.808
50 0.064 0.066 0.066 0.051 0.054 0.052 0.050 0.051 0.052 0.481 0.292 0.296 0.772 0.493 0.497 0.968 0.808 0.806
100 0.064 0.067 0.066 0.051 0.052 0.053 0.051 0.051 0.053 0.508 0.293 0.301 0.754 0.482 0.493 0.956 0.820 0.813

ρ = 0.5, h = 6
20 0.066 0.069 0.068 0.052 0.051 0.052 0.049 0.052 0.051 0.293 0.290 0.296 0.487 0.494 0.497 0.776 0.802 0.819
50 0.063 0.066 0.065 0.050 0.053 0.051 0.052 0.053 0.049 0.278 0.294 0.305 0.467 0.475 0.500 0.772 0.804 0.814
100 0.063 0.065 0.066 0.049 0.051 0.052 0.052 0.052 0.052 0.268 0.293 0.299 0.449 0.490 0.498 0.770 0.812 0.823

ρ = 0.8, h = 6
20 0.064 0.065 0.065 0.049 0.051 0.055 0.050 0.048 0.052 0.596 0.291 0.297 0.827 0.493 0.478 0.985 0.817 0.795
50 0.063 0.065 0.064 0.049 0.055 0.051 0.052 0.050 0.053 0.529 0.298 0.296 0.770 0.477 0.490 0.962 0.810 0.804
100 0.061 0.064 0.064 0.051 0.051 0.053 0.051 0.051 0.053 0.499 0.294 0.300 0.751 0.490 0.494 0.969 0.815 0.818

ρ = 0.8, h = 0.3N
20 0.062 0.067 0.067 0.050 0.049 0.054 0.052 0.053 0.051 0.594 0.289 0.291 0.858 0.497 0.484 0.987 0.794 0.811
50 0.061 0.066 0.066 0.049 0.051 0.050 0.050 0.052 0.051 0.418 0.293 0.298 0.631 0.489 0.497 0.912 0.799 0.814
100 0.059 0.066 0.064 0.048 0.051 0.051 0.051 0.052 0.053 0.318 0.288 0.298 0.499 0.479 0.492 0.805 0.809 0.810

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5). The alternative for the power test is θa
i = θi + 0.2.
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Table S25: The Finite Sample Performance of Mean Group Estimators under Experiment 4 with Non-Zero Mean Loadings

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.07 -0.03 -0.09 0.08 -0.03 -0.02 0.02 0.05 -0.09 4.42 12.19 8.11 3.69 12.15 7.89 2.90 11.43 7.15
50 -0.02 0.05 -0.01 -0.07 0.08 0.06 0.06 0.03 0.07 2.66 7.82 5.27 2.25 7.58 4.67 1.78 7.27 4.25
100 -0.03 -0.07 0.09 0.02 -0.02 -0.04 -0.07 0.02 0.04 1.79 5.27 3.72 1.40 5.19 3.55 1.34 4.82 3.18

ρ = 0.5, h = 6
20 -0.05 -0.02 -0.04 -0.03 0.00 0.07 0.02 0.07 0.02 9.34 12.36 8.35 7.29 12.20 7.81 4.89 11.91 6.96
50 0.07 0.05 -0.09 -0.09 -0.03 0.09 0.05 -0.07 -0.07 4.09 7.58 5.43 2.78 7.55 4.95 2.42 7.47 4.32
100 0.07 -0.07 -0.02 -0.01 -0.03 0.06 0.05 -0.02 -0.08 2.76 5.35 3.65 2.05 5.44 3.57 1.67 5.22 3.18

ρ = 0.8, h = 6
20 0.03 -0.07 0.04 0.09 0.02 -0.04 -0.06 0.03 -0.03 8.25 12.41 8.55 6.75 12.14 7.67 4.28 11.62 6.94
50 -0.04 -0.05 -0.08 -0.01 0.05 0.07 0.01 -0.03 -0.06 2.73 7.96 5.45 2.36 7.43 4.95 1.91 7.35 4.72
100 0.07 0.02 -0.09 0.01 0.06 0.03 0.01 -0.02 0.03 1.74 5.73 3.77 1.50 5.41 3.43 1.29 5.33 3.24

ρ = 0.8, h = 0.3N
20 0.05 0.06 0.01 0.02 0.03 -0.03 0.00 0.05 -0.02 7.80 12.34 8.32 6.59 12.09 7.82 4.23 11.10 7.14
50 -0.08 -0.05 0.09 0.07 -0.08 0.08 0.04 0.07 0.03 6.71 7.73 5.25 5.24 7.42 5.10 4.05 7.09 4.53
100 0.03 -0.03 -0.09 0.08 0.04 0.05 -0.01 0.06 -0.02 6.36 5.57 3.78 5.29 5.33 3.18 3.29 5.09 3.12

ρ = 0.5, h = 2

CCE-IV

20 -0.20 -0.02 -0.10 -0.19 -0.05 -0.07 -0.26 0.09 -0.07 4.38 12.16 8.01 3.66 12.12 7.89 2.87 11.39 7.13
50 -0.09 0.05 -0.01 0.08 0.11 0.08 0.03 0.02 0.09 2.62 7.80 5.27 2.23 7.56 4.67 1.77 7.27 4.24
100 -0.05 -0.09 0.05 -0.01 -0.12 -0.40 -0.12 0.11 0.06 1.79 5.24 3.72 1.38 5.20 3.56 1.31 4.80 3.17

ρ = 0.5, h = 6
20 -2.38 -0.19 0.03 -2.33 -0.08 -0.06 -2.33 0.37 0.05 9.31 12.22 8.05 7.10 12.11 7.74 4.85 11.88 6.90
50 -0.18 0.05 -0.06 -0.21 0.02 0.04 -0.07 -0.06 -0.13 3.84 7.52 5.32 2.83 7.48 4.95 2.40 7.46 4.34
100 0.04 -0.12 -0.02 -0.06 -0.05 0.07 0.02 -0.02 -0.08 2.63 5.30 3.65 2.05 5.40 3.55 1.64 5.23 3.16

ρ = 0.8, h = 6
20 -3.95 -0.18 -0.12 -3.77 0.02 -0.03 -3.54 -0.07 -0.28 9.34 12.31 8.33 7.24 12.02 7.66 4.64 11.55 6.95
50 -0.27 -0.11 -0.09 -0.19 0.04 -0.12 -0.16 0.24 0.02 2.68 7.94 5.41 2.28 7.39 4.92 1.87 7.34 4.72
100 0.03 0.03 -0.08 0.01 0.07 0.04 0.00 -0.01 0.02 1.73 5.80 3.74 1.46 5.43 3.43 1.26 5.34 3.22

ρ = 0.8, h = 0.3N
20 -3.81 -0.04 -0.16 -3.43 -0.16 -0.46 -3.61 -0.07 -0.27 8.86 12.36 8.21 7.40 12.03 7.76 4.73 11.13 7.13
50 -2.77 -0.15 0.05 -2.62 -0.15 0.09 -2.90 0.01 0.04 9.26 7.72 5.31 6.56 7.50 5.09 4.44 7.04 4.49
100 -2.76 -0.33 0.01 -3.04 0.13 -0.04 -2.85 0.06 -0.02 10.11 5.52 3.72 6.43 5.32 3.19 4.00 5.12 3.15

ρ = 0.5, h = 2

Infeasible

20 0.04 -0.08 -0.02 0.05 -0.03 -0.02 -0.04 0.04 -0.05 3.72 12.07 7.92 3.16 12.14 7.80 2.64 11.39 7.04
50 -0.02 0.02 -0.04 -0.07 0.08 0.07 0.07 0.01 0.05 2.33 7.80 5.22 2.09 7.52 4.62 1.75 7.24 4.25
100 0.02 -0.06 0.02 0.02 -0.01 -0.04 -0.11 0.16 0.04 1.59 5.20 3.67 1.31 5.18 3.45 1.29 4.76 3.12

ρ = 0.5, h = 6
20 -0.05 -0.09 -0.02 0.01 -0.03 0.07 -0.02 0.06 0.02 4.42 12.26 8.01 3.47 12.14 7.64 2.68 11.84 6.83
50 -0.05 0.13 -0.08 -0.06 0.03 0.02 0.08 -0.04 -0.03 2.96 7.49 5.26 2.28 7.43 4.92 1.94 7.47 4.31
100 0.00 -0.05 -0.05 0.03 -0.02 0.05 -0.02 -0.02 -0.08 2.11 5.24 3.59 1.65 5.39 3.52 1.40 5.26 3.14

ρ = 0.8, h = 6
20 -0.04 -0.08 0.01 -0.10 0.01 -0.03 -0.02 0.09 -0.03 2.98 12.23 8.31 2.85 11.73 7.35 2.58 11.54 6.89
50 -0.06 -0.03 -0.03 0.00 -0.03 0.09 -0.01 -0.03 -0.02 1.96 7.92 5.40 1.78 7.37 4.81 1.64 7.32 4.74
100 0.02 0.07 -0.04 0.04 0.00 0.03 0.00 -0.01 0.03 1.36 5.73 3.74 1.28 5.08 3.41 1.18 5.33 3.19

ρ = 0.8, h = 0.3N
20 -0.03 0.08 0.03 0.03 0.01 -0.04 0.06 0.04 -0.02 2.95 12.41 8.33 2.75 10.99 7.71 2.78 11.07 7.02
50 -0.02 0.07 0.09 0.02 -0.04 0.03 0.07 0.06 0.09 2.12 7.65 5.18 1.78 7.38 5.08 1.75 7.00 4.50
100 -0.01 -0.03 0.08 0.07 0.05 -0.03 -0.02 0.06 -0.02 1.59 5.54 3.70 1.38 5.34 3.14 1.14 5.12 3.17

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5).
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Table S26: The Size and Power of Mean Group Estimators under Experiment 4 with Non-Zero Mean Loadings

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.064 0.057 0.062 0.061 0.064 0.061 0.047 0.049 0.060 0.632 0.251 0.407 0.682 0.294 0.495 0.868 0.361 0.612
50 0.049 0.060 0.049 0.050 0.052 0.046 0.056 0.056 0.048 0.955 0.578 0.862 0.986 0.622 0.934 1.000 0.662 0.952
100 0.048 0.053 0.046 0.054 0.054 0.056 0.050 0.045 0.055 1.000 0.866 0.994 1.000 0.920 0.994 1.000 0.955 1.000

ρ = 0.5, h = 6
20 0.072 0.061 0.072 0.062 0.073 0.063 0.063 0.055 0.063 0.193 0.187 0.475 0.294 0.265 0.529 0.553 0.312 0.661
50 0.052 0.044 0.062 0.058 0.050 0.05 0.052 0.046 0.056 0.658 0.608 0.825 0.856 0.618 0.914 0.978 0.690 0.960
100 0.048 0.045 0.047 0.058 0.066 0.064 0.055 0.050 0.055 0.925 0.853 0.996 0.992 0.926 0.998 1.000 0.940 1.000

ρ = 0.8, h = 6
20 0.062 0.072 0.054 0.064 0.052 0.058 0.052 0.054 0.054 0.348 0.199 0.494 0.478 0.273 0.550 0.666 0.354 0.605
50 0.055 0.073 0.055 0.064 0.052 0.046 0.044 0.058 0.067 0.897 0.507 0.862 0.954 0.662 0.916 1.000 0.672 0.916
100 0.050 0.048 0.050 0.052 0.046 0.056 0.045 0.055 0.055 0.998 0.828 0.986 1.000 0.913 0.998 1.000 0.946 1.000

ρ = 0.8, h = 0.3N
20 0.054 0.062 0.062 0.067 0.059 0.066 0.053 0.056 0.061 0.361 0.206 0.481 0.432 0.313 0.548 0.679 0.329 0.592
50 0.065 0.069 0.059 0.052 0.052 0.058 0.054 0.046 0.058 0.412 0.518 0.888 0.612 0.608 0.896 0.938 0.762 0.942
100 0.065 0.060 0.063 0.056 0.050 0.054 0.055 0.060 0.045 0.381 0.806 0.939 0.662 0.922 0.996 0.940 0.945 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.066 0.077 0.078 0.080 0.072 0.078 0.087 0.074 0.072 0.666 0.252 0.405 0.694 0.288 0.491 0.899 0.341 0.628
50 0.053 0.068 0.056 0.048 0.068 0.046 0.054 0.056 0.042 0.965 0.556 0.877 0.992 0.630 0.950 1.000 0.662 0.964
100 0.052 0.042 0.046 0.048 0.058 0.052 0.054 0.045 0.040 1.000 0.876 0.994 1.000 0.916 0.994 1.000 0.970 1.000

ρ = 0.5, h = 6
20 0.075 0.075 0.066 0.078 0.080 0.067 0.091 0.095 0.070 0.208 0.206 0.493 0.306 0.231 0.543 0.576 0.308 0.673
50 0.053 0.049 0.060 0.054 0.046 0.064 0.054 0.062 0.056 0.723 0.620 0.853 0.892 0.638 0.912 0.976 0.700 0.956
100 0.052 0.044 0.048 0.062 0.072 0.068 0.050 0.045 0.065 0.955 0.867 0.996 0.994 0.920 0.998 1.000 0.940 1.000

ρ = 0.8, h = 6
20 0.068 0.077 0.074 0.087 0.065 0.066 0.114 0.067 0.061 0.279 0.224 0.487 0.394 0.273 0.569 0.638 0.363 0.608
50 0.048 0.081 0.061 0.060 0.054 0.060 0.054 0.058 0.080 0.951 0.492 0.863 0.980 0.670 0.912 1.000 0.686 0.920
100 0.056 0.062 0.048 0.044 0.040 0.060 0.046 0.065 0.055 0.998 0.828 0.992 1.000 0.916 0.998 1.000 0.947 1.000

ρ = 0.8, h = 0.3N
20 0.075 0.074 0.070 0.079 0.070 0.077 0.107 0.066 0.065 0.266 0.196 0.486 0.400 0.314 0.553 0.644 0.327 0.594
50 0.070 0.063 0.051 0.080 0.062 0.068 0.116 0.052 0.074 0.346 0.501 0.887 0.464 0.600 0.898 0.744 0.782 0.950
100 0.067 0.057 0.059 0.096 0.060 0.044 0.105 0.055 0.055 0.284 0.792 0.941 0.528 0.912 0.992 0.830 0.945 1.000

ρ = 0.5, h = 2

Infeasible

20 0.067 0.054 0.063 0.066 0.065 0.064 0.056 0.060 0.066 0.715 0.286 0.425 0.814 0.318 0.498 0.937 0.376 0.633
50 0.051 0.067 0.058 0.052 0.056 0.052 0.044 0.050 0.042 0.985 0.589 0.884 0.992 0.656 0.930 1.000 0.662 0.966
100 0.054 0.040 0.050 0.046 0.054 0.046 0.045 0.045 0.040 1.000 0.874 0.994 1.000 0.922 0.996 1.000 0.970 1.000

ρ = 0.5, h = 6
20 0.060 0.062 0.067 0.053 0.048 0.057 0.056 0.083 0.062 0.595 0.215 0.493 0.795 0.269 0.552 0.930 0.315 0.67
50 0.062 0.045 0.053 0.040 0.050 0.064 0.048 0.052 0.056 0.897 0.626 0.854 0.982 0.652 0.9222 0.998 0.708 0.970
100 0.051 0.045 0.040 0.046 0.070 0.064 0.050 0.050 0.065 0.996 0.869 0.998 1.000 0.922 0.998 1.000 0.950 1.000

ρ = 0.8, h = 6
20 0.061 0.057 0.061 0.052 0.052 0.057 0.052 0.058 0.054 0.873 0.306 0.506 0.891 0.326 0.596 0.954 0.378 0.629
50 0.052 0.078 0.054 0.060 0.054 0.044 0.046 0.056 0.054 0.995 0.493 0.897 1.000 0.682 0.936 1.000 0.690 0.950
100 0.056 0.058 0.052 0.050 0.036 0.054 0.045 0.065 0.045 1.000 0.830 0.992 1.000 0.925 0.998 1.000 0.965 1.000

ρ = 0.8, h = 0.3N
20 0.064 0.062 0.067 0.056 0.060 0.062 0.059 0.056 0.058 0.895 0.294 0.504 0.940 0.385 0.561 0.934 0.392 0.617
50 0.059 0.061 0.054 0.040 0.048 0.066 0.053 0.054 0.062 0.980 0.554 0.888 1.000 0.626 0.902 1.000 0.797 0.958
100 0.052 0.053 0.050 0.054 0.062 0.044 0.053 0.057 0.060 1.000 0.804 0.991 1.000 0.918 0.998 1.000 0.949 1.000

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5). The alternative for the power test is θa = θ + 0.2.
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Table S27: The Finite Sample Performance of Pooled Estimators under Experiment 4 with Non-Zero Mean Loadings

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.26 -0.07 -0.22 0.35 0.06 -0.11 0.15 -0.60 -0.16 4.32 12.87 8.75 4.05 12.54 8.31 3.12 11.78 7.40
50 0.17 0.46 -0.03 0.33 0.07 0.07 0.24 0.11 0.21 2.87 8.12 5.65 2.40 7.52 5.08 1.91 7.31 4.44
100 0.24 -0.24 0.02 0.24 -0.10 -0.45 0.19 0.11 0.05 1.93 5.51 4.12 1.57 5.37 3.71 1.46 4.82 3.33

ρ = 0.5, h = 6
20 -0.19 -0.22 0.26 0.12 -0.29 0.02 0.20 0.44 0.13 8.75 12.79 8.46 6.96 12.41 8.17 4.72 12.11 7.14
50 0.12 0.02 -0.06 0.14 -0.41 -0.42 0.22 -0.07 -0.14 4.26 7.96 5.77 3.27 7.75 5.16 2.59 7.66 4.51
100 0.14 -0.11 0.00 -0.21 -0.02 0.02 0.17 -0.23 -0.15 2.85 5.48 3.88 2.28 5.50 3.71 1.82 5.37 3.19

ρ = 0.8, h = 6
20 -0.36 -0.12 -0.04 -0.28 0.03 -0.44 0.23 0.34 -0.09 6.29 13.04 8.88 5.11 12.18 7.96 4.08 11.75 7.17
50 0.25 -0.03 -0.13 0.21 -0.23 -0.32 0.36 0.31 -0.09 2.80 8.34 5.90 2.37 7.69 5.29 2.09 7.54 4.92
100 0.25 0.12 -0.16 0.27 0.15 -0.01 0.24 -0.13 0.00 1.84 5.90 3.95 1.62 5.29 3.55 1.41 5.44 3.34

ρ = 0.8, h = 0.3N
20 0.34 -0.20 -0.10 0.27 -0.04 -0.41 0.20 -0.01 -0.21 6.17 13.09 8.82 5.14 11.58 8.01 4.23 11.29 7.35
50 0.50 -0.19 0.06 0.43 -0.24 0.06 0.27 0.15 0.08 5.31 8.16 5.59 4.63 7.83 5.28 2.89 7.24 4.65
100 0.12 -0.20 0.08 -0.28 0.16 -0.02 0.19 0.27 0.10 5.09 5.70 3.98 4.33 5.58 3.33 2.96 5.26 3.25

ρ = 0.5, h = 2

CCE-IV

20 -0.16 -0.05 -0.25 -0.21 0.06 -0.14 -0.22 -0.53 -0.19 4.26 12.82 8.70 4.07 12.53 8.31 3.11 11.74 7.38
50 0.19 0.48 0.00 0.25 0.01 0.08 0.14 0.09 0.20 2.88 8.13 5.67 2.41 7.49 5.05 1.90 7.32 4.43
100 0.19 -0.19 -0.07 0.19 -0.07 -0.47 0.14 0.11 0.06 1.96 5.59 4.13 1.56 5.34 3.73 1.44 4.84 3.29

ρ = 0.5, h = 6
20 -1.45 -0.26 0.10 -1.16 -0.36 -0.08 -1.19 0.38 0.04 8.73 12.83 8.43 6.92 12.37 8.16 4.74 12.09 7.12
50 -0.10 0.06 -0.04 -0.11 -0.39 -0.42 0.15 -0.06 -0.15 4.23 8.03 5.74 3.30 7.71 5.12 2.56 7.69 4.53
100 -0.21 -0.10 -0.01 -0.24 -0.05 0.04 0.17 -0.23 -0.16 2.86 5.48 3.89 2.29 5.47 3.70 1.81 5.39 3.16

ρ = 0.8, h = 6
20 -1.96 -0.12 -0.10 -1.90 0.00 -0.48 -1.61 0.26 -0.16 6.96 13.01 8.91 5.65 12.22 7.92 4.49 11.74 7.15
50 -0.21 0.01 -0.16 -0.18 -0.25 -0.33 0.16 0.32 -0.04 2.82 8.35 5.89 2.39 7.65 5.31 2.03 7.52 4.91
100 0.17 0.14 -0.17 0.19 0.16 0.01 0.13 -0.13 -0.02 1.86 5.99 3.97 1.61 5.33 3.53 1.39 5.40 3.34

ρ = 0.8, h = 0.3N
20 -1.82 -0.29 -0.25 -1.54 -0.12 -0.53 -1.58 -0.02 -0.31 6.57 13.06 8.86 5.55 11.54 8.04 4.73 11.25 7.37
50 -0.89 -0.17 -0.02 -0.65 -0.24 0.07 -1.07 0.14 0.11 5.83 8.13 5.62 4.56 7.83 5.33 3.14 7.26 4.63
100 -0.87 -0.19 0.07 -1.04 0.20 -0.04 -0.91 0.25 0.10 5.17 5.66 3.99 4.47 5.58 3.33 3.18 5.27 3.26

ρ = 0.5, h = 2

Infeasible

20 0.20 -0.01 -0.23 0.33 0.11 -0.12 0.10 -0.51 -0.18 3.76 12.59 8.58 3.53 12.49 8.19 2.97 11.84 7.31
50 0.20 0.45 -0.11 0.29 0.07 0.04 0.24 0.06 0.22 2.57 8.02 5.65 2.28 7.53 4.97 1.93 7.31 4.44
100 0.27 -0.19 0.01 0.24 -0.05 -0.45 0.15 0.15 0.01 1.85 5.50 4.12 1.52 5.39 3.69 1.42 4.77 3.26

ρ = 0.5, h = 6
20 -0.43 -0.34 0.21 0.18 -0.26 0.05 -0.22 0.33 0.03 4.92 12.95 8.31 3.89 12.41 8.08 3.19 12.10 7.12
50 0.13 0.09 -0.01 0.13 -0.32 -0.51 0.22 -0.11 -0.08 3.33 7.95 5.76 2.63 7.60 5.12 2.20 7.66 4.55
100 -0.11 -0.13 -0.03 0.25 0.00 0.12 0.11 -0.20 -0.16 2.32 5.46 3.83 1.94 5.54 3.70 1.55 5.39 3.20

ρ = 0.8, h = 6
20 -0.16 0.07 -0.05 -0.18 0.11 -0.46 0.28 0.41 -0.06 3.17 13.12 9.04 3.04 12.21 8.02 2.77 11.88 7.30
50 0.12 -0.11 -0.13 0.16 -0.36 -0.23 0.25 0.32 -0.02 2.13 8.32 5.97 1.97 7.76 5.29 1.82 7.55 4.87
100 0.27 0.16 -0.17 0.23 0.20 0.01 0.21 -0.10 0.04 1.53 5.88 4.02 1.43 5.31 3.55 1.31 5.34 3.42

ρ = 0.8, h = 0.3N
20 0.20 -0.15 -0.07 0.22 -0.04 -0.44 0.13 0.07 -0.26 3.19 13.17 8.89 2.91 11.80 8.12 2.90 11.39 7.42
50 0.10 -0.25 -0.02 0.14 -0.27 -0.03 0.21 0.14 0.14 2.34 8.21 5.58 1.98 7.86 5.27 1.83 7.39 4.87
100 0.21 -0.28 0.08 0.26 0.17 -0.03 -0.24 0.30 0.09 1.74 5.71 3.98 1.52 5.62 3.31 1.28 5.28 3.30

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5).
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Table S28: The Size and Power of Pooled Estimators under Experiment 4 with Non-Zero Mean Loadings

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.082 0.074 0.067 0.078 0.084 0.079 0.070 0.074 0.079 0.574 0.254 0.508 0.650 0.270 0.539 0.856 0.309 0.563
50 0.065 0.059 0.061 0.064 0.050 0.052 0.058 0.064 0.040 0.905 0.593 0.795 0.968 0.634 0.896 0.998 0.722 0.944
100 0.048 0.044 0.056 0.050 0.058 0.050 0.045 0.040 0.045 1.000 0.916 0.988 1.000 0.926 0.990 1.000 0.955 1.000

ρ = 0.5, h = 6
20 0.086 0.079 0.062 0.086 0.072 0.083 0.068 0.082 0.068 0.236 0.253 0.423 0.258 0.253 0.452 0.519 0.286 0.632
50 0.072 0.054 0.071 0.046 0.060 0.068 0.044 0.068 0.056 0.597 0.582 0.764 0.846 0.614 0.860 0.964 0.660 0.942
100 0.061 0.047 0.052 0.054 0.068 0.062 0.070 0.055 0.040 0.917 0.906 0.981 0.988 0.924 0.994 1.000 0.940 1.000

ρ = 0.8, h = 6
20 0.080 0.075 0.073 0.085 0.066 0.068 0.085 0.061 0.060 0.346 0.325 0.472 0.463 0.347 0.534 0.632 0.349 0.599
50 0.056 0.072 0.057 0.060 0.050 0.070 0.066 0.066 0.070 0.907 0.592 0.811 0.962 0.662 0.838 1.000 0.696 0.898
100 0.052 0.052 0.036 0.054 0.026 0.058 0.085 0.060 0.055 0.996 0.868 0.982 1.000 0.928 0.996 1.000 0.895 1.000

ρ = 0.8, h = 0.3N
20 0.075 0.074 0.072 0.085 0.070 0.073 0.084 0.063 0.058 0.354 0.251 0.464 0.472 0.311 0.494 0.629 0.338 0.579
50 0.069 0.055 0.064 0.072 0.070 0.070 0.076 0.048 0.066 0.437 0.538 0.813 0.683 0.676 0.852 0.920 0.707 0.942
100 0.061 0.055 0.056 0.074 0.058 0.040 0.070 0.050 0.045 0.467 0.868 0.986 0.672 0.870 0.990 0.895 0.935 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.096 0.093 0.098 0.084 0.094 0.088 0.085 0.098 0.092 0.586 0.256 0.469 0.638 0.283 0.546 0.868 0.331 0.565
50 0.068 0.065 0.059 0.074 0.048 0.060 0.062 0.066 0.044 0.916 0.596 0.797 0.972 0.646 0.892 0.998 0.730 0.956
100 0.058 0.050 0.064 0.050 0.052 0.050 0.070 0.040 0.04 1.000 0.918 0.978 1.000 0.936 0.990 1.000 0.960 1.000

ρ = 0.5, h = 6
20 0.098 0.099 0.073 0.096 0.091 0.094 0.084 0.106 0.079 0.237 0.248 0.425 0.284 0.264 0.485 0.528 0.296 0.654
50 0.068 0.061 0.080 0.052 0.068 0.058 0.058 0.068 0.062 0.636 0.590 0.796 0.816 0.598 0.869 0.968 0.646 0.938
100 0.070 0.050 0.053 0.064 0.064 0.068 0.075 0.055 0.035 0.921 0.904 0.980 0.988 0.928 0.992 1.000 0.935 1.000

ρ = 0.8, h = 6
20 0.092 0.089 0.088 0.104 0.082 0.095 0.107 0.077 0.065 0.343 0.319 0.436 0.453 0.339 0.521 0.621 0.342 0.604
50 0.061 0.085 0.064 0.068 0.052 0.074 0.066 0.074 0.074 0.905 0.571 0.806 0.962 0.690 0.820 0.998 0.706 0.892
100 0.062 0.070 0.048 0.062 0.034 0.064 0.080 0.055 0.055 0.996 0.864 0.982 1.000 0.926 0.994 1.000 0.910 1.000

ρ = 0.8, h = 0.3N
20 0.076 0.098 0.088 0.091 0.088 0.088 0.116 0.079 0.071 0.345 0.246 0.456 0.430 0.315 0.472 0.613 0.323 0.559
50 0.079 0.057 0.071 0.064 0.080 0.086 0.084 0.056 0.070 0.402 0.532 0.810 0.646 0.664 0.836 0.874 0.706 0.944
100 0.046 0.065 0.058 0.082 0.058 0.038 0.085 0.050 0.050 0.454 0.855 0.987 0.638 0.868 0.990 0.870 0.935 0.995

ρ = 0.5, h = 2

Infeasible

20 0.087 0.082 0.084 0.086 0.079 0.081 0.085 0.082 0.074 0.629 0.294 0.509 0.749 0.317 0.548 0.877 0.341 0.586
50 0.057 0.062 0.062 0.066 0.050 0.048 0.060 0.056 0.044 0.958 0.619 0.801 0.982 0.646 0.898 1.000 0.748 0.968
100 0.052 0.046 0.062 0.052 0.062 0.058 0.060 0.035 0.040 1.000 0.920 0.992 1.000 0.942 1.000 1.000 0.970 1.000

ρ = 0.5, h = 6
20 0.077 0.084 0.063 0.069 0.086 0.078 0.063 0.086 0.069 0.542 0.231 0.493 0.644 0.262 0.486 0.887 0.295 0.654
50 0.072 0.062 0.066 0.054 0.058 0.058 0.056 0.062 0.052 0.824 0.591 0.798 0.950 0.617 0.884 0.994 0.702 0.942
100 0.052 0.049 0.049 0.046 0.068 0.066 0.050 0.050 0.040 0.982 0.896 0.988 1.000 0.931 1.000 1.000 0.935 1.000

ρ = 0.8, h = 6
20 0.081 0.075 0.073 0.089 0.065 0.075 0.089 0.067 0.063 0.796 0.328 0.486 0.824 0.344 0.545 0.912 0.350 0.611
50 0.064 0.073 0.070 0.072 0.056 0.058 0.068 0.064 0.064 0.985 0.604 0.812 0.998 0.693 0.838 1.000 0.707 0.898
100 0.060 0.052 0.050 0.066 0.036 0.062 0.065 0.065 0.060 1.000 0.876 0.984 1.000 0.934 1.000 1.000 0.900 1.000

ρ = 0.8, h = 0.3N
20 0.066 0.080 0.080 0.063 0.080 0.074 0.087 0.062 0.065 0.863 0.266 0.483 0.880 0.319 0.481 0.892 0.344 0.586
50 0.067 0.053 0.062 0.062 0.068 0.070 0.062 0.054 0.066 0.961 0.547 0.817 0.996 0.684 0.861 1.000 0.708 0.956
100 0.060 0.059 0.059 0.062 0.074 0.038 0.070 0.050 0.050 0.997 0.864 0.992 1.000 0.880 1.000 1.000 0.935 1.000

Notes: The simulation results are based on the DGP specified in Section 4, but with γ1i and γ2i follow IIDN(0.5, 0.5). The alternative for the power test is θa = θ + 0.2.
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S4.6 Additional Simulation for κ1 = 1 and κ2 = 2

In this section, we provide the simulation results for κ1 = 1 and κ2 = 2 under Experiment 4 in

Tables S29 to S34.

Overall the results here are quantatitively similar to the results for κ1 = 2 and κ2 = 3 under

Experiment 4 reported in Sections 4.1 and S4.4. Specifically, the biases of the CCEX-IV individual

estimator of (ρi, β1i, β2i) and their Mean Group counterparts are more or less negligible, and close

to those of the infeasible estimator in almost all cases. On the other hand, the CCE-IV estimators

display non-negligible biases as h or ρ rises, especially for N = 20. The Pooled estimators of

(ρ, β1, β2) exhibit large biases, which do not disappear even as N or T rises.

RMSEs for the CCE-IV estimator is no smaller than the CCEX-IV counterparts in most cases.

In particular, if the spatial weighing matrix is dense with h = 0.3N , then RMSEs of CCE-IV

estimator for ρ are significantly higher than the CCEX-IV counterparts for all the sample sizes.

As the sample size increases, the size of the t-test for CCEX-IV estimators tends to the 5%

nominal level in most cases. But, the t-test for the CCE-IV spatial coefficient displays slight size

distortion for small N and for all N when h = 0.3N , which does not disappear with T . The powers

of t-tests for CCEX-IV and CCE-IV estimators are more or less similar, and both tend to 1 as the

sample size rises if h is fixed. In the case with h = 0.3N , the power of the t-test for the individual

spatial coefficient falls with N due to RMSEs increasing with N , whilst rising sharply with T .
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Table S29: The Finite Sample Performance of Individual Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.07 -0.07 -0.02 -0.03 -0.06 -0.03 0.01 0.07 -0.05 9.57 12.30 12.12 7.33 9.20 9.14 5.32 6.56 6.51
50 0.03 0.00 0.04 -0.02 0.00 0.00 0.00 -0.04 0.08 9.04 11.88 11.85 6.52 8.75 8.82 4.56 6.05 6.07
100 -0.02 -0.03 0.01 0.00 0.06 -0.01 -0.04 -0.04 0.08 8.90 11.61 11.63 6.54 8.56 8.63 4.45 5.89 5.94

ρ = 0.5, h = 6
20 -0.03 -0.09 0.09 0.09 -0.08 -0.03 -0.09 0.00 -0.03 21.05 12.35 12.41 17.09 9.27 9.36 11.49 6.63 6.63
50 0.00 -0.01 0.03 -0.01 0.03 -0.03 -0.06 -0.03 0.06 15.59 11.86 11.85 11.25 8.69 8.71 8.13 6.04 6.03
100 0.03 -0.03 0.05 0.00 -0.06 -0.02 0.03 0.04 -0.04 14.62 11.71 11.61 11.06 8.61 8.60 7.51 5.91 5.74

ρ = 0.8, h = 6
20 0.04 0.01 0.04 0.05 0.04 -0.02 -0.06 -0.03 0.00 17.55 12.30 12.47 12.60 9.25 9.22 8.39 6.53 6.62
50 -0.06 -0.07 0.04 0.06 -0.01 -0.02 -0.01 -0.04 0.02 10.94 11.86 11.92 8.48 8.76 8.80 5.61 6.03 6.11
100 0.03 0.01 -0.02 -0.05 0.05 0.03 -0.01 -0.03 0.00 10.38 11.68 11.71 7.58 8.63 8.64 5.05 5.92 5.91

ρ = 0.8, h = 0.3N
20 -0.09 -0.08 -0.03 0.08 -0.04 -0.02 0.06 -0.03 0.05 16.11 12.36 12.29 12.28 9.33 9.18 9.16 6.56 6.56
50 -0.05 -0.04 -0.01 0.07 0.01 -0.10 -0.02 0.01 -0.03 23.86 11.88 11.95 17.45 8.74 8.83 12.70 6.09 6.04
100 -0.01 -0.04 0.01 -0.08 -0.01 0.01 0.07 0.05 0.08 32.17 11.69 11.74 24.04 8.63 8.66 16.64 5.94 5.89

ρ = 0.5, h = 2

CCE-IV

20 -0.23 -0.08 -0.11 -0.17 -0.11 -0.06 -0.16 0.07 -0.05 9.60 12.41 12.09 7.36 9.24 9.04 5.41 6.65 6.53
50 0.03 0.01 0.02 -0.03 0.00 -0.01 -0.04 -0.04 0.09 9.07 11.85 11.81 6.53 8.76 8.82 4.56 6.09 6.11
100 -0.03 -0.02 0.00 -0.01 0.06 -0.01 -0.04 -0.03 0.08 8.98 11.74 11.74 6.55 8.59 8.64 4.43 5.88 5.99

ρ = 0.5, h = 6
20 -0.57 -0.04 0.00 -1.06 -0.08 -0.24 -0.41 -0.01 -0.05 21.31 12.47 12.43 17.76 9.44 9.33 11.56 6.75 6.58
50 -0.11 -0.02 0.02 -0.05 0.02 -0.05 -0.14 -0.04 0.04 15.79 11.84 11.87 11.22 8.71 8.71 8.13 6.05 6.05
100 0.01 -0.04 0.06 -0.05 -0.08 -0.01 -0.01 0.05 -0.03 14.79 11.75 11.73 11.09 8.63 8.61 7.50 5.90 5.81

ρ = 0.8, h = 6
20 -1.95 0.00 -0.11 -1.46 0.08 -0.12 -2.96 -0.17 -0.33 18.31 12.31 12.49 13.05 9.26 9.13 11.13 6.58 6.79
50 -0.21 -0.11 0.04 -0.09 0.00 -0.02 -0.18 -0.04 0.02 11.13 11.89 12.00 8.59 8.80 8.82 5.68 6.01 6.07
100 0.01 0.01 -0.02 -0.07 0.06 0.03 -0.02 -0.04 0.00 10.49 11.63 11.75 7.59 8.66 8.65 5.10 5.92 5.89

ρ = 0.8, h = 0.3N
20 -1.61 -0.18 -0.13 -1.61 -0.13 -0.17 -2.24 -0.22 -0.17 17.63 12.39 12.34 13.82 9.32 9.25 11.34 6.82 6.59
50 -1.23 -0.10 -0.05 -1.27 -0.02 -0.15 -1.22 -0.03 -0.07 25.84 11.93 11.96 19.40 8.77 8.83 13.88 6.09 6.09
100 -1.20 -0.05 -0.01 -1.27 -0.01 -0.02 -1.06 0.04 0.04 34.7 11.77 11.81 26.24 8.65 8.64 18.28 5.91 5.87

ρ = 0.5, h = 2

Infeasible

20 0.04 -0.01 -0.01 0.01 -0.09 -0.02 0.01 0.02 -0.07 6.45 10.14 9.92 4.88 7.38 7.38 3.37 5.06 5.07
50 0.06 0.01 0.01 -0.04 -0.02 0.00 -0.01 -0.02 0.03 6.82 10.09 10.02 4.86 7.36 7.43 3.38 5.08 5.06
100 0.00 -0.03 0.02 0.01 0.04 0.01 -0.05 -0.04 0.07 6.92 9.99 9.96 5.09 7.41 7.38 3.46 5.08 5.10

ρ = 0.5, h = 6
20 -0.05 -0.01 0.02 0.08 -0.04 -0.10 0.01 0.00 -0.04 8.72 9.98 9.95 7.02 7.41 7.34 4.52 5.06 5.07
50 0.05 0.05 0.01 0.02 0.02 -0.05 -0.05 -0.03 0.04 9.36 10.07 10.04 6.68 7.41 7.40 4.84 5.07 5.07
100 -0.01 -0.02 0.04 0.01 -0.07 -0.03 -0.01 0.02 -0.01 9.57 10.10 10.01 7.23 7.45 7.41 4.84 5.11 5.00

ρ = 0.8, h = 6
20 0.01 -0.02 -0.01 -0.02 0.04 0.02 -0.01 -0.04 0.01 5.88 10.11 10.16 4.12 7.44 7.52 2.82 5.12 5.16
50 -0.02 -0.05 0.04 0.03 0.01 -0.01 0.00 0.00 0.03 5.91 10.13 10.20 4.47 7.47 7.53 3.02 5.11 5.14
100 0.00 -0.01 0.01 -0.02 0.06 0.03 -0.02 -0.03 -0.01 6.21 10.10 10.20 4.54 7.48 7.50 3.08 5.09 5.15

ρ = 0.8, h = 0.3N
20 0.00 -0.07 -0.01 0.03 0.01 0.01 -0.01 -0.02 0.03 5.54 9.99 10.11 4.22 7.42 7.50 3.01 5.05 5.13
50 -0.01 0.08 -0.02 -0.06 -0.01 -0.04 0.01 0.04 -0.03 6.89 10.13 10.22 5.18 7.45 7.52 3.73 5.09 5.13
100 -0.03 0.00 -0.01 0.04 -0.01 0.02 0.01 0.04 0.05 7.50 10.13 10.18 5.69 7.50 7.52 3.95 5.18 5.14

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2.
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Table S30: The Size and Power of Individual Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Size Power
20 50 100 20 50 100

(N,T) ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i ρi β1i β2i

ρ = 0.5, h = 2

CCEX-IV

20 0.079 0.078 0.081 0.069 0.064 0.064 0.060 0.053 0.058 0.554 0.386 0.383 0.755 0.585 0.591 0.931 0.853 0.860
50 0.074 0.078 0.078 0.060 0.065 0.064 0.055 0.057 0.056 0.584 0.384 0.383 0.827 0.615 0.616 0.978 0.890 0.893
100 0.067 0.073 0.073 0.058 0.062 0.060 0.047 0.052 0.054 0.595 0.392 0.397 0.819 0.620 0.616 0.979 0.907 0.901

ρ = 0.5, h = 6
20 0.058 0.072 0.071 0.043 0.067 0.067 0.056 0.061 0.049 0.268 0.358 0.348 0.331 0.576 0.564 0.524 0.845 0.847
50 0.055 0.073 0.073 0.051 0.060 0.062 0.049 0.056 0.055 0.305 0.393 0.381 0.470 0.611 0.608 0.697 0.894 0.889
100 0.057 0.070 0.070 0.052 0.057 0.058 0.044 0.054 0.048 0.321 0.393 0.390 0.468 0.637 0.622 0.755 0.893 0.908

ρ = 0.8, h = 6
20 0.056 0.059 0.063 0.053 0.059 0.060 0.042 0.064 0.064 0.383 0.371 0.367 0.545 0.567 0.563 0.733 0.845 0.841
50 0.048 0.068 0.070 0.045 0.059 0.058 0.049 0.056 0.056 0.525 0.387 0.383 0.700 0.616 0.613 0.914 0.892 0.891
100 0.053 0.066 0.069 0.048 0.058 0.056 0.043 0.052 0.047 0.526 0.401 0.390 0.745 0.619 0.623 0.955 0.899 0.906

ρ = 0.8, h = 0.3N
20 0.055 0.061 0.063 0.049 0.063 0.061 0.044 0.062 0.063 0.413 0.363 0.358 0.528 0.561 0.567 0.688 0.845 0.840
50 0.052 0.051 0.052 0.055 0.048 0.049 0.052 0.047 0.049 0.270 0.371 0.373 0.370 0.592 0.591 0.494 0.883 0.879
100 0.054 0.043 0.043 0.053 0.049 0.041 0.051 0.041 0.051 0.203 0.366 0.366 0.273 0.591 0.596 0.394 0.887 0.888

ρ = 0.5, h = 2

CCE-IV

20 0.070 0.077 0.073 0.064 0.075 0.068 0.072 0.071 0.068 0.554 0.381 0.386 0.749 0.576 0.582 0.927 0.850 0.856
50 0.068 0.074 0.073 0.057 0.062 0.062 0.054 0.057 0.053 0.576 0.389 0.380 0.829 0.613 0.609 0.976 0.888 0.891
100 0.063 0.069 0.069 0.056 0.059 0.057 0.046 0.050 0.051 0.586 0.399 0.392 0.816 0.616 0.613 0.980 0.907 0.900

ρ = 0.5, h = 6
20 0.042 0.067 0.065 0.044 0.064 0.061 0.052 0.070 0.064 0.265 0.354 0.346 0.321 0.559 0.566 0.522 0.841 0.851
50 0.051 0.069 0.069 0.050 0.058 0.060 0.046 0.053 0.053 0.302 0.388 0.380 0.466 0.607 0.610 0.693 0.891 0.885
100 0.054 0.067 0.067 0.049 0.055 0.056 0.043 0.053 0.045 0.316 0.385 0.388 0.464 0.633 0.626 0.755 0.891 0.912

ρ = 0.8, h = 6
20 0.032 0.053 0.058 0.024 0.058 0.055 0.032 0.058 0.056 0.374 0.362 0.364 0.536 0.558 0.570 0.649 0.835 0.825
50 0.043 0.064 0.066 0.043 0.056 0.055 0.047 0.052 0.053 0.516 0.389 0.382 0.688 0.612 0.607 0.907 0.889 0.890
100 0.049 0.062 0.065 0.045 0.055 0.054 0.041 0.052 0.047 0.524 0.396 0.385 0.743 0.618 0.621 0.952 0.902 0.903

ρ = 0.8, h = 0.3N
20 0.029 0.053 0.054 0.024 0.058 0.054 0.034 0.060 0.056 0.404 0.356 0.355 0.510 0.550 0.564 0.623 0.831 0.834
50 0.031 0.046 0.048 0.033 0.045 0.044 0.038 0.044 0.045 0.261 0.358 0.360 0.351 0.574 0.582 0.476 0.882 0.880
100 0.034 0.039 0.040 0.035 0.037 0.037 0.031 0.037 0.038 0.198 0.359 0.356 0.266 0.582 0.589 0.379 0.884 0.884

ρ = 0.5, h = 2

Infeasible

20 0.057 0.054 0.052 0.051 0.049 0.049 0.052 0.054 0.051 0.763 0.457 0.466 0.939 0.701 0.719 0.998 0.952 0.956
50 0.054 0.053 0.054 0.049 0.049 0.051 0.053 0.052 0.052 0.739 0.455 0.457 0.944 0.716 0.703 0.998 0.952 0.954
100 0.051 0.053 0.052 0.051 0.051 0.051 0.052 0.054 0.053 0.737 0.464 0.464 0.928 0.712 0.709 0.997 0.956 0.953

ρ = 0.5, h = 6
20 0.054 0.053 0.054 0.051 0.049 0.050 0.052 0.050 0.051 0.573 0.464 0.454 0.743 0.707 0.711 0.971 0.956 0.955
50 0.053 0.054 0.054 0.050 0.050 0.051 0.050 0.051 0.053 0.533 0.462 0.453 0.790 0.714 0.712 0.958 0.952 0.953
100 0.053 0.053 0.053 0.051 0.051 0.051 0.050 0.054 0.048 0.513 0.459 0.457 0.728 0.707 0.709 0.958 0.947 0.960

ρ = 0.8, h = 6
20 0.050 0.050 0.051 0.050 0.051 0.050 0.049 0.053 0.051 0.837 0.462 0.464 0.977 0.709 0.699 1.000 0.949 0.948
50 0.049 0.051 0.052 0.048 0.051 0.048 0.054 0.054 0.053 0.844 0.459 0.448 0.967 0.697 0.703 1.000 0.952 0.949
100 0.052 0.052 0.053 0.050 0.051 0.049 0.053 0.053 0.052 0.809 0.456 0.456 0.963 0.702 0.707 0.999 0.953 0.953

ρ = 0.8, h = 0.3N
20 0.048 0.049 0.051 0.051 0.050 0.051 0.051 0.051 0.051 0.886 0.480 0.456 0.973 0.705 0.695 1.000 0.951 0.949
50 0.050 0.053 0.053 0.051 0.052 0.050 0.051 0.052 0.051 0.755 0.445 0.444 0.926 0.699 0.693 0.994 0.954 0.953
100 0.052 0.053 0.054 0.050 0.050 0.051 0.052 0.054 0.052 0.685 0.447 0.443 0.886 0.694 0.699 0.990 0.943 0.949

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2. The alternative for the power test is θa
i = θi + 0.2.
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Table S31: The Finite Sample Performance of Mean Group Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.08 -0.05 -0.04 0.00 -0.01 -0.01 0.05 -0.04 -0.05 3.66 11.98 7.95 3.25 11.46 7.28 2.81 11.36 6.83
50 -0.02 -0.02 -0.06 0.02 -0.05 0.07 -0.04 0.06 0.02 2.31 7.23 4.93 1.92 7.07 4.59 1.74 6.92 4.36
100 0.02 0.07 0.05 -0.01 -0.06 -0.04 0.08 -0.06 -0.05 1.57 5.43 3.39 1.41 5.21 3.32 1.26 5.45 3.09

ρ = 0.5, h = 6
20 0.03 -0.04 -0.09 0.05 0.05 0.03 0.03 -0.09 -0.02 6.82 11.95 7.89 5.28 11.81 7.47 4.15 11.24 7.04
50 -0.02 0.03 -0.05 0.02 -0.05 0.02 -0.04 -0.05 0.01 3.19 7.41 4.81 1.92 7.37 4.59 2.09 7.19 4.52
100 -0.05 -0.06 -0.08 -0.03 0.04 0.04 -0.02 0.03 -0.04 2.06 5.21 3.41 1.72 5.29 3.19 1.40 5.03 3.25

ρ = 0.8, h = 6
20 0.05 -0.05 0.07 -0.02 0.08 -0.05 0.00 0.04 0.03 5.99 12.12 7.92 4.07 11.36 7.34 3.30 11.32 6.84
50 0.00 0.01 -0.02 -0.07 0.05 0.06 -0.02 0.03 0.06 2.23 7.48 5.10 1.97 7.39 4.73 1.71 7.23 4.45
100 0.01 0.04 0.07 0.05 0.06 0.03 -0.09 0.05 0.02 1.51 5.54 3.58 1.36 5.08 3.20 1.28 4.71 3.17

ρ = 0.8, h = 0.3N
20 0.06 -0.03 0.03 -0.02 0.01 -0.02 0.02 0.04 -0.03 5.39 12.13 8.09 4.22 11.48 7.82 3.38 11.12 7.16
50 -0.02 -0.06 0.09 0.05 0.00 0.00 0.03 -0.02 -0.02 5.29 7.62 4.72 3.20 7.28 4.82 2.50 6.92 4.42
100 -0.02 -0.03 -0.01 0.06 -0.03 0.02 0.09 0.05 0.03 4.47 5.43 3.37 3.10 5.32 3.27 2.24 4.88 2.92

ρ = 0.5, h = 2

CCE-IV

20 -0.18 0.12 -0.08 -0.18 -0.02 -0.06 -0.13 -0.08 -0.05 3.74 11.97 7.96 3.25 11.46 7.26 2.83 11.37 6.83
50 -0.08 -0.04 -0.08 -0.03 -0.06 0.08 -0.14 0.07 0.00 2.31 7.25 4.96 1.93 7.06 4.58 1.73 6.92 4.36
100 0.01 0.08 0.06 -0.02 -0.06 -0.06 0.07 -0.06 -0.06 1.58 5.45 3.39 1.41 5.20 3.34 1.26 5.45 3.10

ρ = 0.5, h = 6
20 -1.62 -0.17 -0.28 -1.37 -0.07 -0.17 -1.75 -0.15 -0.04 7.48 11.93 7.89 5.62 11.87 7.45 4.62 11.25 7.03
50 -0.14 0.10 0.04 -0.03 -0.06 0.00 -0.16 -0.05 0.00 3.24 7.41 4.84 1.93 7.36 4.58 2.09 7.19 4.53
100 -0.08 -0.06 -0.09 -0.06 0.05 0.04 -0.05 0.03 -0.04 2.07 5.24 3.43 1.73 5.26 3.19 1.40 5.03 3.25

ρ = 0.8, h = 6
20 -2.80 -0.12 0.08 -2.85 -0.09 -0.34 -2.73 -0.11 -0.24 6.86 12.02 8.04 5.64 11.42 7.38 4.63 11.38 6.83
50 -0.15 0.05 -0.03 -0.20 0.06 0.06 -0.14 0.02 0.11 2.26 7.48 5.10 1.97 7.41 4.69 1.75 7.24 4.46
100 -0.02 0.04 0.07 0.02 0.03 0.03 -0.13 0.17 0.02 1.52 5.55 3.59 1.35 5.06 3.21 1.30 4.72 3.18

ρ = 0.8, h = 0.3N
20 -2.78 -0.05 0.05 -2.89 -0.01 -0.05 -2.56 0.20 -0.05 6.67 12.14 8.15 5.76 11.53 7.79 4.62 11.13 7.19
50 -2.03 -0.10 0.07 -1.82 -0.04 -0.07 -1.97 -0.09 -0.09 5.33 7.65 4.73 4.03 7.28 4.86 3.52 6.95 4.43
100 -1.69 -0.08 -0.07 -1.69 -0.03 0.02 -1.61 0.05 0.02 5.11 5.41 3.36 3.86 5.33 3.25 3.00 4.87 2.92

ρ = 0.5, h = 2

Infeasible

20 0.03 0.02 0.02 -0.03 -0.01 -0.02 -0.01 -0.06 -0.05 3.12 11.91 7.61 2.82 11.33 7.18 2.63 11.32 6.74
50 0.01 -0.06 -0.08 0.03 -0.04 0.02 -0.08 0.04 0.04 2.04 7.12 4.92 1.81 6.98 4.49 1.64 6.88 4.34
100 0.03 0.08 0.03 0.00 -0.05 -0.06 0.03 0.01 -0.03 1.44 5.38 3.29 1.26 5.21 3.27 1.19 5.41 3.08

ρ = 0.5, h = 6
20 0.01 0.02 -0.16 0.07 -0.02 0.04 -0.02 -0.09 -0.02 3.47 11.74 7.55 3.15 11.66 7.32 2.76 11.19 6.91
50 -0.01 0.02 0.02 0.03 -0.04 0.04 0.03 -0.04 0.01 2.24 7.33 4.70 1.81 7.28 4.49 1.75 7.17 4.53
100 0.01 -0.07 -0.08 -0.03 0.05 0.06 0.00 0.03 -0.02 1.60 5.17 3.32 1.32 5.28 3.16 1.19 4.99 3.26

ρ = 0.8, h = 6
20 -0.06 -0.06 0.05 0.02 0.02 -0.02 0.10 0.04 0.06 2.72 11.81 7.34 2.63 11.36 7.17 2.40 11.33 6.73
50 0.02 0.02 0.08 -0.05 0.01 0.05 -0.02 0.01 0.04 1.74 7.41 4.96 1.66 7.35 4.59 1.56 7.20 4.39
100 0.01 0.04 0.11 0.06 0.07 0.02 -0.09 0.04 0.00 1.22 5.40 3.55 1.23 5.03 3.16 1.22 4.63 3.17

ρ = 0.8, h = 0.3N
20 0.06 -0.04 0.03 0.02 0.02 -0.01 0.02 0.04 -0.03 2.67 11.82 7.85 2.63 11.46 7.66 2.57 11.09 7.09
50 0.02 -0.04 0.10 0.00 -0.04 0.01 0.01 -0.01 -0.03 1.82 7.54 4.61 1.72 7.23 4.73 1.61 6.95 4.43
100 0.04 -0.06 0.01 -0.01 -0.03 0.03 -0.02 0.05 0.03 1.31 5.36 3.30 1.18 5.28 3.26 1.16 4.88 2.94

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2.
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Table S32: The Size and Power of Mean Group Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.063 0.056 0.070 0.068 0.056 0.067 0.057 0.062 0.054 0.728 0.315 0.479 0.841 0.356 0.566 0.920 0.358 0.646
50 0.064 0.046 0.056 0.047 0.062 0.060 0.054 0.056 0.052 0.982 0.617 0.906 0.998 0.642 0.925 1.000 0.662 0.962
100 0.060 0.055 0.043 0.054 0.050 0.066 0.052 0.065 0.055 1.000 0.896 0.998 1.000 0.930 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.060 0.064 0.061 0.062 0.061 0.063 0.064 0.057 0.055 0.311 0.312 0.480 0.442 0.322 0.568 0.614 0.378 0.626
50 0.056 0.053 0.047 0.047 0.062 0.060 0.054 0.056 0.052 0.855 0.636 0.946 0.998 0.642 0.920 1.000 0.716 0.952
100 0.047 0.048 0.044 0.054 0.044 0.054 0.052 0.045 0.060 0.992 0.920 0.998 1.000 0.934 1.000 1.000 0.995 1.000

ρ = 0.8, h = 6
20 0.063 0.066 0.070 0.072 0.058 0.063 0.063 0.058 0.058 0.536 0.308 0.475 0.601 0.357 0.550 0.780 0.360 0.645
50 0.057 0.048 0.067 0.060 0.054 0.076 0.050 0.057 0.058 0.984 0.688 0.869 1.000 0.720 0.934 1.000 0.730 0.952
100 0.047 0.055 0.055 0.053 0.046 0.054 0.055 0.054 0.050 1.000 0.913 0.998 1.000 0.930 0.998 1.000 0.980 1.000

ρ = 0.8, h = 0.3N
20 0.062 0.060 0.071 0.063 0.062 0.056 0.057 0.062 0.050 0.501 0.295 0.501 0.631 0.363 0.543 0.749 0.381 0.556
50 0.058 0.057 0.050 0.058 0.056 0.062 0.054 0.056 0.058 0.624 0.669 0.929 0.852 0.684 0.908 0.962 0.711 0.968
100 0.049 0.056 0.052 0.054 0.068 0.050 0.060 0.065 0.045 0.709 0.920 0.997 0.880 0.932 1.000 0.980 0.955 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.065 0.062 0.071 0.070 0.064 0.071 0.076 0.075 0.061 0.726 0.311 0.476 0.835 0.353 0.568 0.920 0.356 0.647
50 0.069 0.050 0.059 0.050 0.065 0.061 0.056 0.060 0.054 0.975 0.613 0.906 0.998 0.634 0.924 1.000 0.658 0.958
100 0.060 0.058 0.041 0.054 0.052 0.052 0.060 0.070 0.055 1.000 0.891 0.999 1.000 0.938 1.000 1.000 0.995 1.000

ρ = 0.5, h = 6
20 0.070 0.073 0.066 0.062 0.078 0.083 0.073 0.065 0.064 0.307 0.296 0.500 0.401 0.302 0.562 0.583 0.389 0.616
50 0.057 0.054 0.050 0.050 0.065 0.061 0.056 0.064 0.052 0.853 0.631 0.938 0.998 0.634 0.924 0.999 0.712 0.950
100 0.055 0.049 0.050 0.046 0.044 0.054 0.055 0.045 0.065 0.993 0.918 0.997 1.000 0.940 1.000 1.000 0.995 1.000

ρ = 0.8, h = 6
20 0.074 0.071 0.074 0.098 0.070 0.063 0.100 0.064 0.070 0.387 0.309 0.464 0.526 0.353 0.537 0.659 0.361 0.641
50 0.059 0.050 0.070 0.060 0.06 0.072 0.055 0.058 0.064 0.982 0.691 0.866 1.000 0.704 0.924 0.999 0.727 0.953
100 0.049 0.056 0.058 0.054 0.052 0.054 0.052 0.040 0.060 1.000 0.894 0.998 1.000 0.926 0.998 1.000 0.980 1.000

ρ = 0.8, h = 0.3N
20 0.064 0.075 0.081 0.095 0.069 0.093 0.104 0.073 0.077 0.436 0.291 0.464 0.472 0.329 0.542 0.666 0.376 0.562
50 0.068 0.059 0.051 0.062 0.054 0.062 0.070 0.058 0.066 0.510 0.692 0.931 0.798 0.700 0.906 0.918 0.708 0.964
100 0.065 0.053 0.047 0.064 0.066 0.058 0.070 0.060 0.055 0.540 0.922 0.997 0.830 0.928 1.000 0.985 0.955 1.000

ρ = 0.5, h = 2

Infeasible

20 0.053 0.058 0.062 0.066 0.055 0.060 0.062 0.063 0.053 0.858 0.321 0.519 0.904 0.369 0.601 0.948 0.371 0.661
50 0.057 0.046 0.069 0.060 0.062 0.065 0.060 0.058 0.048 0.996 0.626 0.906 1.000 0.657 0.944 1.000 0.674 0.964
100 0.051 0.053 0.037 0.044 0.056 0.050 0.050 0.055 0.060 1.000 0.902 1.000 1.000 0.944 1.000 1.000 1.000 1.000

ρ = 0.5, h = 6
20 0.061 0.060 0.062 0.053 0.066 0.052 0.063 0.049 0.057 0.780 0.311 0.526 0.855 0.331 0.533 0.932 0.405 0.65
50 0.049 0.049 0.050 0.060 0.062 0.065 0.054 0.064 0.052 0.989 0.705 0.938 1.000 0.717 0.944 1.000 0.726 0.958
100 0.058 0.053 0.045 0.046 0.042 0.052 0.055 0.045 0.055 1.000 0.923 1.000 1.000 0.956 1.000 1.000 1.000 1.000

ρ = 0.8, h = 6
20 0.061 0.059 0.055 0.066 0.052 0.060 0.051 0.056 0.057 0.931 0.320 0.561 0.938 0.351 0.588 0.977 0.374 0.649
50 0.053 0.051 0.067 0.050 0.060 0.062 0.048 0.060 0.057 1.000 0.698 0.882 1.000 0.708 0.928 1.000 0.731 0.967
100 0.049 0.054 0.065 0.054 0.048 0.044 0.047 0.055 0.050 1.000 0.927 1.000 1.000 0.956 1.000 1.000 0.995 1.000

ρ = 0.8, h = 0.3N
20 0.063 0.065 0.068 0.067 0.068 0.061 0.054 0.059 0.050 0.946 0.313 0.549 0.950 0.363 0.565 0.977 0.391 0.585
50 0.063 0.052 0.053 0.050 0.066 0.062 0.058 0.050 0.058 0.998 0.695 0.938 1.000 0.718 0.932 1.000 0.724 0.970
100 0.053 0.054 0.051 0.048 0.062 0.056 0.055 0.050 0.055 1.000 0.935 1.000 1.000 0.932 1.000 1.000 0.978 1.000

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2. The alternative for the power test is θa = θ + 0.2.
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Table S33: The Finite Sample Performance of Pooled Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Bias (× 100) RMSE (× 100)
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.30 0.50 -0.28 0.27 -0.09 -0.55 0.17 -0.20 -0.12 4.25 12.54 8.56 3.86 12.01 7.83 3.24 11.61 7.11
50 0.16 -0.17 -0.15 0.23 -0.36 -0.03 0.19 0.09 -0.15 2.60 7.60 5.36 2.17 7.59 4.91 1.97 7.48 4.63
100 0.26 0.05 0.12 0.20 -0.34 -0.09 0.30 -0.31 -0.12 1.83 5.74 3.67 1.55 5.50 3.51 1.44 5.55 3.19

ρ = 0.5, h = 6
20 -0.11 -0.13 -0.06 0.41 0.06 -0.32 0.22 -0.09 -0.23 7.63 12.41 8.53 5.74 12.35 7.95 4.60 11.45 7.28
50 0.15 0.08 0.11 0.23 -0.36 -0.03 -0.21 -0.64 0.03 3.80 7.74 5.21 2.17 7.59 4.91 1.99 7.44 4.82
100 0.15 0.08 -0.09 0.22 0.07 0.16 0.20 0.22 0.03 2.48 5.67 3.70 1.89 5.43 3.40 1.61 5.13 3.38

ρ = 0.8, h = 6
20 -0.31 -0.17 0.23 0.25 -0.16 0.23 0.22 0.00 -0.09 5.38 12.52 8.26 4.47 11.81 7.75 3.64 11.54 7.13
50 0.16 0.02 0.01 0.19 0.02 -0.04 0.13 0.06 0.25 2.57 7.94 5.51 2.25 7.76 4.99 1.88 7.47 4.65
100 0.22 0.42 0.06 0.27 0.16 0.03 0.13 0.05 0.16 1.70 5.80 3.97 1.54 5.32 3.43 1.38 4.84 3.21

ρ = 0.8, h = 0.3N
20 0.34 -0.20 -0.10 0.27 -0.04 -0.41 0.20 -0.01 -0.21 6.17 13.06 8.82 5.14 11.58 8.01 4.23 11.25 7.37
50 0.50 -0.19 0.06 0.43 -0.24 0.06 0.27 0.15 0.08 5.31 8.19 5.59 4.53 7.83 5.28 2.89 7.26 4.53
100 0.12 -0.20 0.08 -0.18 0.16 -0.02 0.19 0.27 0.10 5.09 5.66 4.00 4.33 5.58 3.33 2.96 5.26 3.25

ρ = 0.5, h = 2

CCE-IV

20 -0.27 0.42 -0.35 -0.17 -0.22 -0.68 -0.23 -0.29 -0.21 4.31 12.60 8.57 3.84 12.01 7.84 3.24 11.59 7.13
50 0.24 -0.19 -0.14 0.11 -0.35 -0.05 -0.21 0.11 -0.16 2.62 7.60 5.38 2.17 7.59 4.89 1.96 7.48 4.63
100 0.21 0.08 0.14 0.15 -0.36 -0.09 0.24 -0.33 -0.15 1.82 5.75 3.69 1.55 5.51 3.54 1.44 5.55 3.20

ρ = 0.5, h = 6
20 -1.64 -0.14 -0.23 -0.98 -0.06 -0.48 -1.34 -0.14 -0.27 7.98 12.41 8.53 5.96 12.37 7.91 4.94 11.45 7.29
50 -0.16 0.08 0.10 0.11 -0.35 -0.05 -0.20 -0.64 0.00 3.83 7.72 5.24 2.17 7.59 4.89 1.98 7.44 4.80
100 -0.23 0.06 -0.07 -0.07 0.09 0.14 -0.07 0.24 0.02 2.49 5.68 3.71 1.90 5.41 3.40 1.61 5.15 3.39

ρ = 0.8, h = 6
20 -1.73 -0.45 0.09 -1.65 -0.23 -0.02 -1.58 -0.14 -0.24 6.07 12.53 8.29 5.10 11.81 7.77 4.19 11.59 7.13
50 -0.17 0.04 -0.01 -0.13 0.01 -0.05 -0.19 0.04 0.23 2.62 7.92 5.50 2.26 7.79 4.95 1.91 7.46 4.66
100 0.18 0.41 0.04 0.15 0.16 0.04 0.01 0.07 0.16 1.69 5.82 3.97 1.51 5.31 3.44 1.39 4.86 3.22

ρ = 0.8, h = 0.3N
20 -1.82 -0.29 -0.25 -1.54 -0.12 -0.53 -1.58 -0.02 -0.31 6.57 13.09 8.86 5.55 11.54 8.04 4.73 11.29 7.35
50 -0.89 -0.17 -0.02 -0.65 -0.24 0.07 -1.07 0.14 0.11 5.83 8.16 5.62 4.56 7.83 5.33 3.14 7.24 4.59
100 -0.87 -0.19 0.07 -1.04 0.20 -0.04 -0.91 0.25 0.10 5.17 5.70 3.99 4.47 5.58 3.33 3.18 5.27 3.26

ρ = 0.5, h = 2

Infeasible

20 0.22 0.52 -0.32 0.16 -0.16 -0.72 0.12 -0.26 -0.07 3.63 12.44 8.47 3.36 11.95 7.74 2.98 11.44 7.07
50 0.14 -0.30 -0.12 0.23 -0.30 0.00 0.14 0.10 -0.23 2.34 7.46 5.32 2.10 7.39 4.78 1.91 7.36 4.62
100 0.29 0.04 0.11 0.24 -0.36 -0.02 0.30 -0.23 -0.15 1.75 5.68 3.67 1.52 5.48 3.51 1.37 5.54 3.23

ρ = 0.5, h = 6
20 -0.16 -0.03 -0.06 0.18 -0.03 -0.18 -0.27 -0.12 -0.23 4.20 12.26 8.51 3.60 12.33 7.94 3.32 11.41 7.19
50 0.21 0.08 0.02 0.23 -0.30 0.00 0.28 -0.67 0.05 2.69 7.70 5.21 2.10 7.59 4.78 2.04 7.42 4.78
100 0.12 0.11 -0.02 0.12 0.05 0.25 0.16 0.24 0.03 2.00 5.57 3.65 1.61 5.36 3.36 1.55 5.09 3.33

ρ = 0.8, h = 6
20 0.22 -0.25 0.19 0.18 -0.08 0.29 0.17 0.04 -0.13 2.92 12.50 8.27 2.85 11.73 7.69 2.55 11.48 7.07
50 0.15 0.10 0.01 0.15 0.06 -0.01 0.14 -0.07 0.31 2.00 7.89 5.49 1.88 7.71 4.94 1.69 7.37 4.64
100 0.21 0.39 0.19 0.25 0.10 0.02 0.09 0.10 0.22 1.38 5.81 3.96 1.38 5.28 3.38 1.28 4.85 3.16

ρ = 0.8, h = 0.3N
20 0.12 -0.15 -0.07 0.22 -0.04 -0.44 0.13 0.07 -0.26 3.19 13.07 8.81 2.91 11.38 8.02 2.90 11.09 7.32
50 0.10 -0.25 -0.02 0.14 -0.27 -0.03 0.17 0.14 0.14 2.34 8.11 5.58 1.98 7.76 5.27 1.83 7.19 4.47
100 0.21 -0.28 0.08 0.26 0.17 -0.03 -0.24 0.30 0.09 1.74 5.71 3.98 1.52 5.55 3.21 1.28 5.18 3.18

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2.
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Table S34: The Size and Power of Mean Group Estimators under Experiment 4 with κ1 = 1 and κ2 = 2

Size Power
20 50 100 20 50 100

(N,T) ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2 ρ β1 β2

ρ = 0.5, h = 2

CCEX-IV

20 0.086 0.075 0.081 0.099 0.078 0.070 0.079 0.072 0.068 0.647 0.246 0.376 0.676 0.286 0.514 0.793 0.352 0.582
50 0.072 0.051 0.058 0.056 0.064 0.068 0.078 0.072 0.062 0.967 0.612 0.859 0.988 0.632 0.895 0.998 0.644 0.936
100 0.061 0.062 0.043 0.068 0.054 0.054 0.065 0.080 0.050 1.000 0.855 0.994 1.000 0.900 1.000 1.000 0.912 1.000

ρ = 0.5, h = 6
20 0.087 0.077 0.078 0.078 0.083 0.088 0.077 0.069 0.074 0.254 0.281 0.454 0.380 0.293 0.514 0.495 0.339 0.577
50 0.059 0.065 0.053 0.056 0.064 0.068 0.050 0.064 0.072 0.735 0.605 0.894 0.988 0.632 0.895 0.972 0.682 0.936
100 0.051 0.062 0.042 0.032 0.050 0.052 0.050 0.05 0.060 0.978 0.892 0.997 1.000 0.912 0.998 1.000 0.915 1.000

ρ = 0.8, h = 6
20 0.076 0.077 0.077 0.080 0.077 0.081 0.076 0.067 0.069 0.456 0.256 0.483 0.559 0.301 0.534 0.738 0.377 0.544
50 0.070 0.060 0.068 0.078 0.072 0.062 0.056 0.067 0.062 0.940 0.577 0.848 0.984 0.624 0.908 1.000 0.660 0.939
100 0.055 0.064 0.065 0.068 0.056 0.046 0.065 0.030 0.070 1.000 0.869 0.988 1.000 0.900 0.994 1.000 0.960 1.000

ρ = 0.8, h = 0.3N
20 0.075 0.074 0.072 0.085 0.070 0.073 0.076 0.063 0.058 0.354 0.246 0.456 0.472 0.315 0.492 0.629 0.328 0.579
50 0.069 0.055 0.064 0.072 0.070 0.07 0.076 0.048 0.066 0.437 0.629 0.823 0.676 0.656 0.850 0.920 0.700 0.942
100 0.061 0.055 0.056 0.074 0.058 0.040 0.060 0.050 0.045 0.504 0.868 0.986 0.638 0.870 0.990 0.870 0.935 1.000

ρ = 0.5, h = 2

CCE-IV

20 0.080 0.093 0.091 0.101 0.093 0.081 0.098 0.085 0.079 0.639 0.242 0.396 0.662 0.279 0.514 0.772 0.359 0.579
50 0.081 0.059 0.066 0.063 0.073 0.066 0.076 0.072 0.072 0.952 0.600 0.851 0.989 0.609 0.891 0.998 0.624 0.940
100 0.059 0.065 0.047 0.060 0.054 0.062 0.075 0.085 0.050 1.000 0.833 0.994 1.000 0.898 1.000 1.000 0.908 1.000

ρ = 0.5, h = 6
20 0.083 0.083 0.094 0.083 0.103 0.098 0.094 0.080 0.096 0.246 0.255 0.455 0.361 0.272 0.490 0.477 0.332 0.594
50 0.067 0.067 0.058 0.063 0.073 0.066 0.050 0.068 0.084 0.734 0.597 0.881 0.989 0.609 0.891 0.972 0.668 0.930
100 0.045 0.063 0.046 0.028 0.048 0.052 0.075 0.055 0.060 0.978 0.879 0.997 1.000 0.900 1.000 1.000 0.915 1.000

ρ = 0.8, h = 6
20 0.086 0.087 0.088 0.10 0.095 0.098 0.096 0.079 0.079 0.441 0.244 0.459 0.557 0.303 0.477 0.708 0.390 0.53
50 0.063 0.062 0.068 0.064 0.080 0.064 0.049 0.073 0.069 0.929 0.575 0.836 0.978 0.616 0.906 1.000 0.650 0.935
100 0.048 0.068 0.065 0.052 0.056 0.060 0.070 0.030 0.070 1.000 0.862 0.982 1.000 0.906 0.994 1.000 0.960 1.000

ρ = 0.8, h = 0.3N
20 0.076 0.0980 0.088 0.091 0.088 0.088 0.116 0.079 0.071 0.345 0.231 0.424 0.430 0.311 0.444 0.613 0.323 0.559
50 0.079 0.057 0.071 0.064 0.080 0.086 0.074 0.056 0.070 0.402 0.632 0.810 0.630 0.654 0.846 0.864 0.706 0.944
100 0.046 0.065 0.058 0.082 0.058 0.038 0.065 0.050 0.05 0.499 0.855 0.987 0.672 0.868 0.990 0.865 0.935 0.995

ρ = 0.5, h = 2

Infeasible

20 0.083 0.068 0.082 0.095 0.074 0.088 0.083 0.068 0.067 0.768 0.281 0.403 0.756 0.317 0.517 0.896 0.359 0.603
50 0.071 0.050 0.062 0.072 0.056 0.055 0.064 0.064 0.062 0.983 0.646 0.858 0.995 0.647 0.910 1.000 0.652 0.940
100 0.079 0.061 0.042 0.072 0.054 0.046 0.065 0.070 0.055 1.000 0.856 0.994 1.000 0.918 1.000 1.000 0.925 1.000

ρ = 0.5, h = 6
20 0.075 0.069 0.078 0.064 0.087 0.095 0.088 0.069 0.068 0.659 0.300 0.465 0.714 0.303 0.537 0.832 0.343 0.605
50 0.050 0.063 0.056 0.072 0.056 0.055 0.066 0.066 0.084 0.943 0.616 0.896 0.995 0.647 0.910 0.996 0.694 0.942
100 0.064 0.058 0.046 0.030 0.056 0.058 0.070 0.055 0.055 1.000 0.886 1.000 1.000 0.908 1.000 1.000 0.905 1.000

ρ = 0.8, h = 6
20 0.071 0.082 0.077 0.091 0.081 0.076 0.061 0.066 0.065 0.853 0.280 0.467 0.888 0.293 0.477 0.949 0.346 0.533
50 0.054 0.060 0.064 0.066 0.076 0.068 0.050 0.071 0.065 0.998 0.580 0.852 1.000 0.632 0.938 1.000 0.675 0.967
100 0.054 0.062 0.066 0.078 0.056 0.066 0.050 0.030 0.060 1.000 0.873 0.974 1.000 0.918 1.000 1.000 0.965 1.000

ρ = 0.8, h = 0.3N
20 0.066 0.080 0.080 0.063 0.080 0.074 0.087 0.062 0.065 0.863 0.236 0.453 0.880 0.309 0.491 0.892 0.334 0.596
50 0.067 0.053 0.062 0.062 0.068 0.070 0.062 0.054 0.066 0.961 0.637 0.817 0.996 0.674 0.853 1.000 0.718 0.986
100 0.060 0.059 0.059 0.062 0.074 0.038 0.040 0.070 0.050 1.000 0.864 0.982 1.000 0.880 1.000 1.000 0.965 1.000

Notes: The simulation results are based on the DGP specified in Section 4, but with κ1 = 1 and κ2 = 2. The alternative for the power test is θa = θ + 0.2.
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S5 Supplements to the Empirical Application

S5.1 The Data

All the data are collected from the UK Office of National Statistics (ONS) website. The nominal

quarterly house price data for all LADs are collected from https://www.ons.gov.uk/peopl

epopulationandcommunity/housing. At the individual LAD level, only the annual data for

population and nominal per capita personal income are available at https://www.ons.gov.uk

/economy/regionalaccounts/grossdisposablehouseholdincome. To construct the quarterly

counterparts, we use the interpolation method in Denton (1971) and Dagum and Cholette (2006).1

Quarterly data of Consumer Price Index (CPI), available at the national level, are collected from

https://www.bls.gov/cpi/data.htm, which is used in deflating the nominal house price and

personal income data.

The variables hpit, popit and incit used in the empirical analysis, are constructed by taking the

log-difference of each series and removing seasonality by regressing each of the series on seasonal

dummies.

S5.2 The Spatial Weighting Matrices

In the empirical application, we consider both distance-based and contiguity-based spatial weighting

matrices. For the distance-based weighting matrix, denoted Wdist, we collect latitude/longitude

coordinates corresponding to the center of the polygon of each LAD from https://geoportal.st

atistics.gov.uk/datasets. The geodesic distance between two LADs is then calculated using

the Haversine formula:

d = 2R · arcsin
√

sin2(
long2 − long1

2
) + cos(long1)cos(long2)sin2(

lat2 − lat1
2

),

where R is the earth’s radius, and longi and lati are the corresponding longitude and latitude for

the ith LAD. Then, each element of the distance based weighting matrix is obtained by taking the

inverse of the squared distance.

For the contiguity based weighting matrix, denoted Wd, we follow Yang (2021) and Aquaro

et al. (2021), and specify a specific threshold, d (miles) to determine which LADs are considered

to be neighbours. The element in Wd will take 1 if the distance between two LADs are less than d

and 0 otherwise. We set d = 25 and each LAD has around 12 neighbours on average.

Both spatial weighting matrices are finally row-sum normalised which is standard in the spatial

literature.

1There are various methods of data interpolation. For example, we may use the alternative method proposed
in Appendix B.3 of the Global Vector Auto-Regressive (GVAR) Toolbox User Guide, which is available at https:

//sites.google.com/site/gvarmodelling/gvar-toolbox/download. We find that the results obtained using
different interpolation methods are qualitatively similar.
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S5.3 The Urban and Rural Classification of LADs

According to the UK government’s “2011 Rural Urban Classification”, the LADs in England have

been categorised into 6 urban/rural classifications:

1) Urban with major conurbation: districts with either 100,000 people or 50% of their population

residing in urban areas with a population over 750,000;

2) Urban with minor conurbation: districts with either 50,000 people or 50% of their population

in urban areas with a population ranging from 250,000 to 750,000;

3) Urban with city and town: districts with fewer than 37,000 people or less than 26% of their

population in rural settlements and larger market towns;

4) Urban with significant rural: districts with more than 37,000 people or more than 26% of

their population in rural settlements and larger market towns;

5) Largely rural: districts with at least 50% but less than 80% of their population in rural

settlements and larger market towns;

6) Mainly rural: districts with at least 80% of their population in rural settlements and larger

market towns.

We also apply the same criteria to Wales where there is no official classification. Their distributions

across England and Wales are plotted in the following choropleth map;

Figure S1: Rural-Urban Classification of LADs in the UK

S5.4 Individual Direct, Spill-in and Spill-out Effects at LAD Level

Here we provide the individual estimation results for HDE, HSI and HSO at each LAD. Their

spatial patterns are closely related to those of individual coefficients. For all LADs, the signs of
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HDE with respect to population and income growths are the same as the corresponding individual

coefficients. For example, if population (income) growth in the ith LAD increases its own house

price, then this will induce positive spill-outs from the ith LAD as well as the positive spill-ins from

neighbourhood LADs, because the house price growths are mostly positively spatially correlated.

We plot the individual estimates of HDE, HSI and HSO with respect to population and income

growths on the choropleth map in Figures S2a–S2f. Overall, the spatial patterns for HDE, HSI and

HSO are closely related to those of individual coefficients reported in Figure 1c and 1e.

First, by comparing Figures S2a and S2b with Figures 1c and 1e, we find that the signs of

HDE with respect to both popit and incit are the same as those of the individual coefficients, β̂pop
i

and β̂inc
i . Overall, we observe that the direct effects of population and income growths on house

price changes are generally positive. We still find that negative direct effects of population growth

mainly occur in LADs with high immigration rates (such as those located in London, the Great

Manchester and their neighbourhood areas), while negative direct effects mostly appear in LADs

that are located in the rural area or suffer from the high income inequality.

Next, house price growths are positively correlated in most LADs (due to the pervasive positive

spatial coefficients), the spatial patterns of HSI and HSO are also closely related to the individual

coefficients on population and income growth.

The individual HSIs are also mostly positive. But, negative HSIs occur mostly in LADs that

are located close to LADs with negative individual coefficients. In particular, most negative HSIs

with respect to population growths are observed in LADs located in London or the rural areas

in the East Midlands (located between the Great London and the Great Manchester area). Most

negative HSIs with respect to income growths are found in LADs that are located close to specific

rural areas (mainly in South East) and that experienced the high income inequality.

Finally, the spatial patterns of HSOs with respect to both population and income growth, are

qualitatively similar to those of the individual coefficients, as evident from comparing Figures S2e

and S2f with Figures 1c and 1e.
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(a) HDE of popit for Each LAD (b) HDE of incit for Each LAD

(c) HSI of popit for Each LAD (d) HSI of incit for Each LAD

(e) HSO of popit for Each LAD (f) HSO of incit for Each LAD

Figure S2: HDE, HSI and HSO of popit and incit for Each LAD
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S5.5 Estimation Results Using W25 at the Regional and National Level

In this section, we provide the estimation results using the contiguity-based weighting matrix, W25

at the Regional and National Level, in Table S35.

We first analyse the Mean Group estimation results for spatial coefficients. Their spatial pat-

terns are more or less similar to those estimated by using Wdist, though the magnitudes of the

coefficients are different. The spatial coefficients are mostly positive for all the regions, confirming

the positive spatial linkage of house price growths across regions. Still, London has the lowest

spatial coefficient, but slightly higher than that obtained using Wdist. South East and East of Eng-

land display the higher spatial coefficients. The national average is also slightly higher at 0.6. On

the other hand, the spatial coefficients by CCE-IV are still less satisfactory, but they also change

substantially in many cases. The national average is also higher at 0.31.

Next, the CCEX-IV estimation on population and personal income growths display more or

less similar spatial patterns: β̂pop
MG,r is large and significant for North East & York, North West

and South West, whilst β̂inc
MG,r is large and significant in the rest of regions. By contrast, it is still

difficult to interpret the spatial patterns of the CCE-IV estimation results, as they are substantially

different in many cases (even the signs are changed).

Still, we find that the CCEX-IV estimation results are more robust than the CCE-IV coun-

terparts, because we find more or less similar spatial patterns of the impacts of population and

income growths for CCEX-IV, whilst the CCE-IV results change substantially under the different

weighting schemes. Furthermore, they are mostly difficult to interpret.

In sum, we find that the estimation results obtained using the contiguity-based spatial weighting

matrix, are less satisfactory. In particular, the spatial coefficients fall outside (-1,1) for 92 LADS

such that the total number of LADs in Table S35 is only 240 (implying that there are 99 blank

LADs). This also makes their GCM analysis hard to interpret, for example, the higher RSI with

respect to income growth in West Midlands.

Finally, we find that the CD test results are more favorable here in the sense that the null of

weak CSD is rejected less with the smaller exponent of the cross section dependence. But, this may

be due to the fat that the we excluded more LADs with extreme spatial coefficients.
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Table S35: Mean Group Estimation Results Using W25 at the Regional and National Level

Region Nr ρ̂MG,r β̂pop
MG,r β̂inc

MG,r CD test α̂ Nr ρ̂MG,r β̂pop
MG,r β̂inc

MG,r CD test α̂

CCEX-IV Estimation CCE-IV Estimation
North East&York 23 0.663‡ 2.811‡ 0.047 -0.27 0.58 23 0.553‡ 1.898† 0.078 -0.83 0.54

(0.079) (1.100) (0.173) [0.79] (0.04) (0.065) (0.904) (0.173) [0.41] (0.07)
North West 25 0.543‡ 1.711∗ 0.279 2.32 0.70 27 0.325‡ 0.466 0.459‡ 0.19 0.64

(0.079) (0.960) (0.361) [0.02] (0.03) (0.101) (1.041) (0.193) [0.85] (0.04)
East Midlands 35 0.648‡ 0.584 0.480‡ 7.20 0.76 30 0.020 0.363 0.440‡ 1.63 0.54

(0.048) (0.650) (0.177) [0.00] (0.04) (0.110) (0.587) (0.138) [0.10] (0.04)
West Midlands 24 0.585‡ 0.547 0.936‡ 4.38 0.77 20 0.197 1.275 0.565‡ -0.23 0.62

(0.085) (1.185) (0.387) [0.00] (0.05) (0.131) (0.935) (0.228) [0.82] (0.03)
East of England 27 0.648‡ 0.643 0.627∗ 2.57 0.68 34 0.380‡ 0.753 0.516∗ 0.07 0.62

(0.053) (0.738) (0.344) [0.01] (0.04) (0.097) (0.648) (0.270) [0.94] (0.03)
London 17 0.490‡ 0.178 1.242‡ 3.34 0.77 23 0.494‡ 1.784‡ 0.409 1.08 0.65

(0.077) (1.007) (0.329) [0.00] (0.03) (0.091) (0.561) (0.322) [0.28] (0.03)
South East 48 0.629‡ 0.062 0.463† 4.71 0.67 48 0.370‡ 0.245 0.411† 3.60 0.75

(0.046) (0.737) (0.219) [0.00] (0.02) (0.062) (0.521) (0.204) [0.00] (0.03)
South West 22 0.601‡ 1.829† 0.69 2.57 0.80 24 0.051 0.188 0.078 4.11 0.77

(0.079) (0.830) (0.513) [0.01] (0.04) (0.095) (0.751) (0.190) [0.00] (0.03)
Wales 19 0.525‡ 1.218 0.665‡ 0.41 0.68 17 0.448‡ 1.223 0.375† -1.37 0.58

(0.087) (1.082) (0.185) [0.68] (0.05) (0.119) (0.947) (0.190) [0.17] (0.05)
England &Walse 240 0.603‡ 0.949‡ 0.564‡ 2.10 0.54 246 0.313‡ 0.798‡ 0.381‡ -1.40 0.37

(0.022) (0.302) (0.101) [0.04] (0.02) (0.033) (0.248) (0.075) [0.16] (0.01)

Notes: All the Mean Ggroup estimates are calculated as simple averages from district level parameter estimates and the standard errors in () are

calculated according to the formula given in (24). The superscripts ‡,† and ∗ denote that the coefficients are significant at 1, 5 and 10% level. See

also footnote to Table 6.
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