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Model

N

Yit=ayit1+¢ Z wijyjt+ + >\§ft +€it,
= ———

i=1,...,N; t=1,...,T,

(1)

Uit

“State dependence”: Balestra-Nerlove 1966, Anderson-Hsiao 1982,
Arellano-Bond 1991, Blundell-Bond 1998;

Spatial lag: “endogenous interactions” due to networks, peer effects, spillovers
etc, e.g. Case 1991, Manski 1993, 1995, Fisher 1935, Tobler 1970, Elhorst 2014;

Nonlinear error components: “Latent Common Factors” / “Interactive Effects”;
e.g., technological disruptions, energy price shocks, geopolitical conflicts,
regulatory changes, financial crises, macro policies etc: e.g. Pesaran 2006, Bai
2009, Sarafidis-Wansbeek 2021.
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Comparison with Two-Way (or additive) Effects

The Two-Way Effects model assumes error components enter additively:
Ui+ =1 + 7t + €i,+. But this is a special case of the interactive effects structure.

r = 2, A,‘ = (’f],‘, 1)/ & ft = (l,Tt)/ = A:ft =M + Tt.

Neither first-differencing nor the within transformation will remove the common
factor component.

The use of multiplicative time dummies at a group level (e.g. using the absorb
function in Stata) is not warranted.

To illustrate, let r =1 and u;r = A\ify + € 4.
We can rewrite this as uj; = uj; £ A\gfy = Agfe + i + (N — Ag)

.. Covariates remain correlated w.r.t. the nonlinear error component.
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Technical Issues

N

Yie = QY1+ (0F Z WY+ X;,tﬁi + )\:‘ft + €.
=1

3 potential sources of endogeneity

» Lagged dependent variable is endogenous by construction;
» Spatial lag variable is endogenous by construction;
» Covariates may also be correlated with the composite error;

@ “How many factors?”

@ ‘“Incidental parameters problem”
@ “Asymptotic analysis with N, T — oo jointly”
@ "“Heterogeneous Slope Parameters”
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Econometric literature: large N, T asymptotics

N
Yit = QYie-1 + ;i Z Wi it + X o Bi + XNife ¢

j=1
Dynamic panels with additive fixed effects: () =0, Aif; = n; +7+) eg.
Hahn-Kuersteiner 2002, Alvarez-Arellano 2003, Hayakawa 2015;

Spatial panels with additive fixed effects: (oo = 0, A/f, =7, + 7. ) e.g. Yu-De
Jong-Lee 2008, Korniotis 2010, Lee-Yu 2014;

Dynamic panels with “interactive fixed effects”: () = 0) e.g.
Chudik-Pesaran 2015, Moon-Weidner 2017, Juodis-Sarafidis 2021;

Present agenda sits on the intersection of the above strands of literature. Most
approaches available are based on QMLE (Shi-Lee 2017, Bai-Li 2021);

No literature on spatial, dynamic panels with heterogeneous coefficients.
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Contribution (Homogeneous case)

o Cui-Sarafidis-Yamagata 2023 put forward a two-stage spatial IV
(2SIV) estimator; consistent and asy. normal under N, T — oo,
st. N/T — ¢, 0<c <o

@ 2SIV is linear and easy to compute;

In contrast, for QMLE, estimation of the Jacobian matrix of
likelihood function is computational intensive. MC: for
N =T =200, QMLE is 60 times slower.

e 2SIV is asymptotically unbiased,;
QMLE suffers from asy. bias due to incidental parameters =
severe size distortions. Bias-correction is based on true # of
factors;

@ 2SIV can accommodate endogenous regressors (provided
there are exogenous instruments available.)
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Contribution cont. (Heterogeneous case)

@ Chen-Cui-Sarafidis-Yamagata 2025 put forward a Mean Group
spatial IV estimator; consistent and asy. normal under N, T
—00,st. N/T?2 = 0;

e MGIV is given by

N 1 M
Oma = 3 > 6
=1

=
—~ o N/
where 8; = <a,,¢,, 5;) .

@ There exist no alternative methods in this case.
@ Both 2SIV and MGIV are now available in Stata with the
spxtivdfreg command
@ net install xtivdfreg, from(https://www.kripfganz.de/stata)
replace
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Generalisations

N
Yig = i1+ Z Wij¥je +Xi B+ Nife + 2
j=1

N N P
/
+ E Wi iYjt—1+7Y E Wi X+ + E QsYit—s-
j=1 =1 s=2

“Spatial-time lag” (sometimes “contagion”)

“Exogenous network effects”, or “contextual effects” (the “Spatial
Durbin model”)

“AR process of order > 1"

Could also think of “spatially-correlated unobservables”, through ¢;;.
But not jointly identified (Manski, 1993).
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Model in stacked form
Stacking the T observations for each i yields

N
yi=ayi1+0 Y wiyy+XiB+FX +e; (2)

Jj=1

or
yi =G0 +u, (3)

where C; = (y; —1, Zszl wijyj, Xi), 0 = (o, ¥, B') and
u, = FA, + €;.

We assume
Xi=FIi+V, (4)

F & F, can overlap, be identical or completely different. Similarly, A;
and I'; can be mutually correlated.

Vasilis Sarafidis Spatial panels with spxtivdfreg 2025 Stata Economics Virtual Symposium



Outline of two-stage IV procedure (Stage 1)

Remove F, from X (i.e. we “defactor” X) using PCA (e.g. Bai 2003);

(i
~ ~ -1
Let Mg =17 —-F, (F;)_TFX7_T) F. _,, where

<NT le,fr i ‘r> Ax,f‘r = /F\x,frﬁ‘r- (5)

We formulate Z; based on defactored covariates:

N
Z; = (MgX;, Mg X, ZWUMEXXJ' : (6)
Tx3K
and estimate @ using

~ ~ o~ o~ L~
Orsiy = (A B*lA) A'Bl¢, (7)
N N N
~ 1 Sie 5 1 55 1 5
A= N E Z,-C,-, B = W E ZI-Z,‘, C = W E nyi'
i=1 i=1 i=1
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Outline of two-stage IV procedure (Stage 2)

Project out F from u; (y;) using the 1SIV residuals, u; = y; — C,-élslv;

Next, run IV regression again using the same instruments:

§25IV = (K’E_lﬂ)_lﬂlﬁ_le (8)
_ LA _ 1N LA
A= —S"ZMC B=--S"ZMZ, = —S Z M.y, .
NT;’F’ /\/T,,;'FCNT;'Fy

525,\/ is free from asy. bias. QMLE is subject to two sources of asy. bias: (i)
“Nickell bias” due to the presence of y; _1; (ii) bias due to the defactoring of X;;

estimation error in F depends on U;, and this feeds in X; due to defactoring.
That is, defactored regressors are asy. correlated with the error term.

Vasilis Sarafidis Spatial panels with spxtivdfreg 2025 Stata Economics Virtual Symposium



Assumption (idiosyncratic error in y)

€i.+ Is independently distributed across i and over t, with mean zero,

]E(E,?,t) =02 >0 and Ele; ¢|¥+°< C < oo for some § > 0.

Assumption (idiosyncratic error in x)

© v is group-wise independent from ¢; ¢, E(v; ;) = 0 and
E|v;+]|®+°< C < oo,

Q LetZij.:=E (v V), ) There exist 5;; and & ¢,
(s,t), and ||X; sl < s for all (i,j), such that

1 N N 1 T T
NE E O_'i,jSC<OO,? El 515'
s=1 t=

i=1 j=1

1 N N T T
T DY D IBisdll< € < 0.

i=1 j=1 s=1 t=1

Yijstll<a

j for all
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Assumption (factors)

E|[f.]*< C < 0o, T'F.F,-25%e >0as T — oo for some non-random
positive definite matrix Z¢,. E|[f|*< C < oo, T'FF25r >0as T — oo
for some non-random positive definite matrix 3¢. f, . and f; are group-wise
independent from v; ; and €; ;.

Assumption (factor loadings)

T ~ii.d(0,Xr), A;j ~1.i.d(0, X)), where X and 3 are positive definite.
E|F]* < C < oo, E|Ai||* < C < oo. In addition, T; and \; are independent
groups from €; ¢, V¢, fx+ and f;.
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Assumption (spatial weighting matrix)

@ All diagonal elements of Wy, are zeros;

@ The row and column sums of the matrices Wy and (Iy — yWy) " are
bounded uniformly in absolute value.

o

Y My = 9Wa) e < € D llla(iv —yWa) I < €

£=0 =0

Assumption (identification)

QO A= p/imN)THooﬁ Z,N:l Z!C; is fixed with full column rank, and
= p/imN,T_moﬁ Z,N:l Z'Z; is fixed and positive definite.

2426 2425

B
Q E||T'ZZ||"™ < C<ooand E|T1Z/Ci||"™ < C < o0 foralli, T.

4

Vasilis Sarafidis Spatial panels with spxtivdfreg 2025 Stata Economics Virtual Symposium



1SIV - Asymptotic Properties

Proposition

Under Assumptions A-F, we have

A 1 & T N
T 2 D = e ) Zjuit byt pba + 0, (1),
=1 =1

Theorem

Under Assumptions A-F, as N, T — oo such that N/ T — ¢, where
0 < ¢ < o0, we have

VNT (éls,v - 9) ~0,(1). (9)

o’
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2SIV - Asymptotic Properties

Theorem

Under Assumptions A-F, as N, T — oo such that N/ T — ¢, where
0 < ¢ < o0, Oy Is consistent and

VNT (§2S,V _ 9) N (0, D)

where ¥ = 02 (A)By*A) ", Ag = plimy 7, A,
Bo = plimy 1., B, with

1 1
_ 'C. B= 'z,
A= Eil Z/C;,B= 1 Eil Z\Z;.

~ ~ ~ ~ ~\ —1
P ~ _
Moreover, & — ©-230 as N, T — oo, where ¥ = 52 (A'B 1A) .
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Outline of MGIV procedure

We further assume that 8; = 0 + e;, where 8 = («, 1, 3') and e; is a random
i.i.d. error with mean zero and variance Xg.

First, recover estimates of 0; as follows:
~ PP o PP
6= (AB'A) ABE,

where R R R L R
A =T7'ZC;,, B, =T7'ZjZ;, ¢ =T'Zy,

and Z; = (MgMz_ X; 1, S

i=1 WiiMgX;, MgX;) as the instruments in the
estimation of 6;.

Subsequently, we construct the sample average of 5, as

é\MGIV = N

1M
)

Vasilis Sarafidis Spatial panels with spxtivdfreg 2025 Stata Economics Virtual Symposium



MGIV - Asymptotic Properties

Theorem

Under aforementioned assumptions, as N, T — oo such that
N/T? — 0, then Byq is consistent for the population mean 0. If, it

further holds that N/T®> — 0, then Oy has the following
asymptotic distribution

\/N(é\MGIV — 9) i> N(O, 29), as N, T — 0.
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Remarks

o DGP for covariates: x;; = v/f: + vi;

- Frequently employed in economics or econometrics (e.g. Pesaran et al.
2013, Westerlund-Urbain 2015, Hansen-Liao 2018 etc.)

@ As least one element of 3 must not equal to zero;

@ Endogeneity of X; = use external instruments, e.g.
Z;=FI'i+V;
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Simulation Experiments - Design

N 2 ry
Yie=nitayi—1+¢ Z Wiyt + Z Bexe,it + Z As)ifse +€ier 1y =3.
= =1 =1
(10)

Xeit = fhe,i + Z%s,if(x),s,t Fveie =2 i=1...,N;t=-49,... T.
s=1
(11)
i=1,...,N;t=-49,.... T.

€i.¢, is non-normal and heteroskedastic across both i and t, such that
gir =0 (€ — 1)/\@ €it ™~ i.i.d.x2, with ait = gib:, g ~ i.i.d.x3/2, and
¢ =1t/T for t =0,1,..., T and unity otherwise.

All remaining time-varying error components are AR(1) processes with parameter
equal to .5. All individual-specific error components are correlated, «,, ,, = 0.5.

We set ¢2 s.t. m, € {1/4, 3/4}. We set var(vsit) s.t. SNR = 4. We set o = 0.4,
1 =0.25, and $; = 3 and B, = 1, following Bai (2009).
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Variance estimator for 2SIV

In order to allow for cross-section and time series heteroskedasticity,
the variance estimator for 2SIV is

~ ~ o~ L ~\ 1 < < o~~~ i~ e~ ~\—1
W= (A'B-1A> A'B-1QB"'A (A'B—lA) L (12)
with
.1 L. .
Q== Z Z/M;0,0:M5Z;, (13)

and G; = y; — C;0i5v.

N N
- (M X Me X p MY wiX, M?_lzwulj,1> :
j=1 Jj=1

(14)
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Results (homogeneous case)

Table 1A. RMSE, 7, = 3/4

a(=0.4) 2SIV QMLE
T 1 2 4 1 2 4

N =100r, T =25r .017 .007 .004  .014 .006 .003
N =257, T=100r .014 .007 .003  .008 .004 .002
N =507, T=50r 015 .003 .003  .009 .005 .002

(= 0.25) 2SIV QMLE

T 1 2 4 1 2 4
N =1007, T=25r .019 .008 .004  .033 .015 .006
N =257, T =100r .017 .008 .004  .023 .010 .005
N =507, T=50r 017 .008 .004  .025 011 .005

Ba(=1) 251V QMLE

T 1 2 4 1 2 4
N =100, T=25r .066 .025 .012  .093 .029 .012
N =257, T=100r .040 .025 .012  .118 .040 .014
N =50r, T=50r 050 .024 .012  .086 .028 .012
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Results ctd

Table 1B. ARB, 1, = 3/4, ARB = (@ - 9¢|/9Z) x 100

a(=0.4) 2SIV QMLE

T 1 2 4 1 2 4
N =1007, T =257 .082 .104 .054 252 1.08 .551
N =257, T =100r .116 .033 .008 169 .087 .080

N =507, T =507 .074 .026 .017 870 .493 225

(= 0.25) 2SIV QMLE

T 1 2 4 1 2 4
N =100r, T=25r .119 .112 .080 216 .159 .113
N =257, T =100r .054 .009 016  .156 .226 .007
N =507, T=50r 218 .030 .012 026 .092 .00l
Ba(=1) 251V QMLE

T 1 2 4 1 2 4

N =1007, T =257 .947 .087 .039 6.41 135 379
N =257, T =1007 .043 .043 .003 7.10 1.81 .361
N =507, T =507 222 .023 .023 5.18 1.15 .228
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Results ctd

Table 1C. Size (nominal size = 5%), 7, = 3/4

a(=0.4) 2SIV QMLE

T 1 2 4 1 2 4
N =100r, T =25r .065 .059 .052  .361 293 .286
N =257, T =100r .084 066 .048  .138 .085 .079
N =507, T=50r 052 .056 .053  .146 .121 .109
(= 0.25) 251V QMLE

T 1 2 4 1 2 4
N =100r, T=25r 062 .051 .052  .392 258 .134
N =257, T =100r .094 062 .054  .156 .078 .070
N =50r, T=50r 076 .060 .054 213 .139 .068
Ba(=1) 251V QMLE

T 1 2 4 1 2 4

N =1007, T =257 .109 .057 .055 415 142 079
N =257, T =100r .086 .074 .059 531 306 .134
N =507, T =507 .063 .052 .050 369 .156 .090
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Spillovers and Drivers of U.S. Population Growth
Kripfganz-Sarafidis 2025 specify:

N 4

Ay = 5,‘)/i,t—1 + i Z Wi,jij,t + Z ﬂgy,‘Xz’ht + Afe+ni+ 71+ Eity (15)
= =1

i=1,...,N(=49) andt=1,...,T(=52), i.e. 1966 - 2017.

Ay = In(pop; +) — In(pop;i t—1): population growth;
yit—1 = In(popj ¢—1): lagged level of logged population;
Ay + = In(popj+): population growth of state j;

x1,i,t = TFP; ¢ “Total Factor Productivity”;

x,i.+ = In(amenities); ;: logged “amenities”;

x3,i,+ = In(income; +): logged labour income;

Xa,i,+ = In(MigCost); +: logged migration frictions.

f; := nationwide demographic/institutional shocks (changes in fertility/aging
patterns, shifts in federal immigration policy, national housing and credit cycles).

d0; := conditional convergence: pop. converges (diverges) if §; < 0 (6; > 0) V i.
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Network Specification

Our baseline model estimates W from the data using the method of
Juodis-Kapetanios-Sarafidis 2025.

We also consider contiguity and distance-based networks:

1, if j shares common border with i
W,',j = X (16)
0, otherwise,

and

1/d:;, ifd ;<
Wi — /dij, if dij _.c (17)
0, otherwise,

where ¢ denotes the cth percentile of the empirical distribution of d; ;.

Finally, we set w;;,; = 1/(trade-inflows); ; ;, where (trade-inflows); ;
represents the value of trade inflows from state j to state / at time t.
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Instruments & Marginal Effects
We use the following instruments:

Z = (MFX,-, MM Xi_1, MM X, o,

N N N
M? Z W,'JXj, M?M?,l Z W,',_,'XJ",l, M?M’I_:72 Z W,',J'Xj’,2>.
Jj=1 Jj=1 Jj=1
(18)

Distinguish among direct, indirect and total effects:

(=1

k
Yo = [Iv — W] <5Y<r—1) + D Bexun + U(r)) . (19)

{05 (y) 9E(y)

—n. -1
Oxn aXeN]_[IN YW By (20)
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spxtivdfreg command in Stata

Kripfganz, S. and V. Sarafidis (2025). Estimating Spatial Dynamic Panel Data
Models with Common Factors, Journal of Statistical Software, 113(6), 1-27.

For time-invariant networks, we specify:

spxtivdfreg D.1lnPop L.lnPop TFP Amenity
InLaborInc_pc MigTradeCost, absorb(statefp
year) splag spmatrix ("W_contiguity.xlsx",
import) iv(TFP Amenity lnLaborInc_pc
MigTradeCost, splags lag(2)) mg factmax(4)

For time-varying networks we use:

spxtivdfreg D.1lnPop L.1lnPop TFP Amenity
InLaborInc_pc MigTradeCost, absorb(statefp
year) splag spmatrix ("W_x_trade.xlsx", import)
iv (TFP Amenity lnLaborInc_pc MigTradeCost,
splags lag(2)) mg factmax(4)
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spxtivdfreg command in Stata

If we want to include: (i) spatial-time lags; (ii) spatial lags of
covariates (SDM); and (iii) lags of the dependent variable, we specify:

spxtivdfreg D.1lnPop L.1lnPop TFP Amenity
InLaborInc_pc MigTradeCost, absorb(statefp
year) splag sptlags (#) spindepvars(varlist)
tlags (#) spmatrix ("W_contiguity.xlsx", import)
iv (TFP Amenity lnLaborInc_pc MigTradeCost,
splags lag(2)) mg factmax(4)

The command is very flexible, as it allows: defactoring individual
covariates (useful for common covariates without cross-sectional
variation), saving individual-specific estimated coefficients, computing
direct/indirect/total effects, computing spillins/spillouts, and many
other options.
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Table 1: Homogeneous (2SIV) Slope Coefficients

251V
W A W, Ws W, Ws
vie—1 (lagged population)  -ooiew*  .0.022% o014k 0.010%k*  0.025%** 0025w
(0.006) (0.005) (0.004) (0.005) (0.005) (0.005)
x.i.e (TFP) 0.000 0.002 0.002%* 0.003%* 0.002%* 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
...« (amenities) 0.005%*%  0.006%%*  0.006%**  0.006%**  0.007***  0.006%**
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
xs..¢ (labour income) 0.038%*F  0.030%F*  0.033%*  003LFFF  0.032%F*  (.033%*
(0.004) (0.004) (0.005) (0.005) (0.003) (0.004)
. (Migration cost) [0.0026FF  0.002FF  -0.002%FF  -0.002%F%  -0.002¢F*%  -0.002%%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
SN, wi by . (spatial lag) 0.335%F%  0,083%%F  0160%F*  0.135%**  (230% (538
(0.038) (0.013) (0.037) (0.034) (0.125) (0.141)
N 49 49 49 49 49 49
X3 36.504 35.064 33.805 33.261 34.584 34.678
Py 0.006 0.009 0.013 0.016 0.011 0.010
e 2 2 2 2 2 2
ry 1 1 1 1 1 1
o 0.614 0.702 0.745 0.744 0.739 0.700

W denotes the data-driven network obtained based on Juodis-Kapetanios-Sarafidis 2025. W is contiguity; W»—WS3 are inverse-
distance (10th/5th percentile cutoffs); W4—WS5 are trade-based (time-averaged/time-varying).
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Heterogeneity in Conditional Convergence

ionts of Lagged L

Figure: U.S. Heat Map of Estimated Coefficients of Lagged
Log-Population (negatives red, positives blue).
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Average Marginal Effects - Direct/Indirect

MGIV

W W, W, W3 W, W5

Direct effects
Lagged population -0.051%** -0.046%** -0.048*** -0.050*** -0.050%** -0.052

(0.015) (0.013) (0.013) (0.014) (0.014) -
TFP 0.005** 0.001 0.003 0.003 0.005 0.004
(0.003) (0.003) (0.003) (0.003) (0.004) —
Amenities 0.007*** 0.006*** 0.006*** 0.006*** 0.006*** 0.006
(0.001) (0.001) (0.001) (0.001) (0.001) —
Labour income 0.051%** 0.051%** 0.052%** 0.053*** 0.052%** 0.051
(0.012) (0.011) (0.012) (0.013) (0.011) -
Migration cost -0.004*** -0.002%** -0.003%** -0.002%** -0.003%** -0.003
(0.001) (0.001) (0.001) (0.001) (0.001) -
Indirect effects
Lagged population -0.028** -0.049%** -0.039%** -0.030*** -0.127 -0.075
(0.011) (0.018) (0.013) (0.009) (0.135) -
TFP 0.003** 0.001 0.002 0.002 0.014 0.005
(0.001) (0.003) (0.003) (0.002) (0.016) -
Amenities 0.004*** 0.006*** 0.005*** 0.004*** 0.016 0.008
(0.001) (0.002) (0.002) (0.001) (0.017) -
Labour income 0.028*** 0.054** 0.043%** 0.032%** 0.131 0.074
(0.010) (0.022) (0.014) (0.009) (0.137) —
Migration cost -0.002%** -0.002%** -0.002%** -0.001*** -0.008 -0.004
(0.000) (0.001) (0.001) (0.000) (0.008) —

W denotes the data-driven network obtained based on Juodis-Kapetanios-Sarafidis 2025. W is contiguity; W>—WS3 are inverse-
distance (10th/5th percentile cutoffs); W4—Ws5 are trade-based (time-averaged/time-varying).
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Spillouts originating from Midwest States
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Figure: Spillouts Originating from the Midwest Region.
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U.S. Population Growth Network

US State Population Growth Network (Node Size o< In-Degree)

Figure: U.S. States Population Growth Network.

Vasilis Sarafidis Spatial panels with spxtivdfreg 2025 Stata Economics Virtual Symposium



Concluding Remarks

@ We put forward two IV estimators for homogeneous and
heterogeneous models; Both are asy. unbiased, consistent and
asy. normal under N, T — o0;

@ Both |V estimators are linear and computationally
inexpensive, and can accommodate endogeneity;

o spxtivdfreg implements these estimators in Stata and is very
flexible as it allows for:

- importing W from a csv/Excel file;
- W being time-varying;
- different instrumentation and defactoring strategies;

- computation of direct/indirect effects and spillins/spillouts.
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Pillars of the spxtivdfreg command

The spxtivdfreg Stata command draws upon the following work:

@ Cui, G., Chen, J., Sarafidis, V., and T. Yamagata. 2025. Estimating Spatial
Dynamic Panel Data Models with Common Factors in Stata. Unpublished
Manuscript, arXiv:2501.18467v1.

@ Cui, G., Sarafidis, V., and T. Yamagata. 2023. |V Estimation of Spatial
Dynamic Panels with Interactive Effects: Large Sample Theory and an
Application on Bank Attitude Toward Risk. Econometrics Journal, Vol.
26(2), pp. 124-146.

@ Juodis, A., Sarafidis, V., and G. Kapetanios. 2025. Identification and
estimation of panel network models using high-dimensional regression.
Unpublished Manuscript.

@ Kripfganz, S., and V. Sarafidis. 2025. Estimating Spatial Dynamic Panel
Data Models with Common Factors in Stata. Journal of Statistical
Software, Vol. 113(6), pp. 1-27.

@ Kripfganz, S., and V. Sarafidis. 2025. Chasing Opportunity: Spillovers and
Drivers of U.S. State Population Growth. Invited contribution.
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https://arxiv.org/pdf/2501.18467
https://arxiv.org/pdf/2501.18467
https://academic.oup.com/ectj/article/26/2/124/6840229
https://academic.oup.com/ectj/article/26/2/124/6840229
https://academic.oup.com/ectj/article/26/2/124/6840229
https://www.jstatsoft.org/article/view/v113i06
https://www.jstatsoft.org/article/view/v113i06

Thank you so much for listening!
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