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Abstract

We Investigate data on international trade of major conventional weapons from 1950 to 2016. The
general structure of the model Is based on the separable temporal exponential random graph model
(StERGM), but extends this model in two aspects. First, we allow for time-varying covariate effects and
second, actor- and time-based heterogeneity is incorporated by smooth time-varying random effects.
Furthermore, the random effects are deeper investigated using a functional principal component
analysis. Our main findings are that arms trading is driven by network effects, notably reciprocity and
triadic closure, but also by exogenous factors. The analysis of the country-specific random effects
identifies countries that increased or decreased their relative importance in the arms trading network
during the observation period.

The Model: SSERGM + Generalized Additive Mixed Model

Goals Solutions

Model the long-term development of arms trade | Separable temporal network model

 Focus on the transition of the networks
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* Account for time-related changes of the DGP | Varying coefficients and random effects

* |ncorporate actor heterogeneity |

Formalizing the network

* Binary network in t: Yt = (A% EY) with A" being the actor set with n; countries and E' =
{(i,j):i,] € At} gives the set of directed edges.

* We set Yl-g- = 1 if country i sends arms to j.

* Analysis is restricted to countries existing in t and ¢t-1

The StERGM idea (see Krivitsky and Handcock, 2014)

Formation:
T =

.

Network in t-1: Y1

Persistence: ) Network in t:
T = Ry e
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The model is assumed to be separable given the previous network:

P(yt — ytlyt—l — yt—l; 9)=P(Y+ — y+|Yt—1 — yt—l; 8+)P(Y_ — y—lyt—l — yt—l; 9—)

Binary network models are often modelled using ERGMs, but we follow Almquist and Butts (2014) and
= Z(i,j)eEt Yi?gij(yt_l)-

=1|Yt_1=yt_1;9+) 1
=O|yt—1=yt—1;9+)} gl] (yt )

assume for the network statistics: g(y ™, y

P(Yi=1|v}
élog{( |

P(YF=0|Y*

=yl YtT=ytthen)| s P(Y;
=yl i=yt=1,6+) P(Y

Model specification
* Replacing 8% by 8% (t): Time-varying coefficients model (see Hastie and Tibshirani, 1993).
 Time-dependent random coefficients for the sender and receiver (see Durban et al., 2005).

Results: Time-varying fixed effects

Formation: Outdegree, Sender Persistence: Outdegree(i), Sender Formation: Colony(ij) Persistence: Colony(ij)

w [14]

=] o
o o
= =
] [=] L) =

=] (=]
= 6 B o [ —
= o =0 Eo=] —

o D o i e
= = (=]
O e S — E =
. - ; -

=] [=) =] (=]
= .
o N 1950 1960 1970 1980 1890 2000 2010 1950 1960 1970 1980 1950 2000 2010
= (=]
o c|> t

1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 19"aot 1980 2000 2010 Formation: Defagr(ij) Persistence: Defagr(ij)

t

wn "¢
Formation: Qutdegree, Receiver Persistence: Outdegree(j), Receiver : z
(] T — [
. o S = T~ =2
T \ &
L] [=]
- g
2 \ 2
g. } - 5 =] (=]
T — =9 sl _ _ : _ , i s _ i _ , i ,
/ = 1950 1960 1970 1980 1880 2000 2010 1850 1960 18970 1880 1990 2000 2010
_ t t
2 2 . — . —
= = Formation: Poldiff(ij) Persistence: Poldiff{ij)
S S
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1980 2000 2010 . o -
t t 8 8 e /_EH\/rEH_// _____
Formation: Reciprocity(ij) Persistence: Reciprocity(ij) = % e S . /’__/
5 e \ —~ =
1 e . /__.-f‘ ]
81 q N~
S | S
= o o1 . . . . ; . ol . - . ; - ;
= . o ' 1950 1960 1970 1980 1990 2000 2010 " 1950 1960 1970 1980 1990 2000 2010
-— - t 1
® e ==
(=] (=1 e - i - .
< — Formation: GDP(i) Persistence: GDP(i)
™ & T [
o =1 =3 =]
(=] (=1 ﬂ) i S e - e CK)
=h = © - | ©
@ | o
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010 = - = -
t t S S|
o | . B —
" ) . - 3 e " 1] n Q
Formation: Transitivity(ij) Persistence: Transitivity(ij) ol o
=] [=]
@ 0 1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
t t
= | / -
= = . - ] N
- - Formation: GDP(j) Persistence: GDP(j)
d 1 D s uy
o = o™ D . C!
o T T (-1 < | <
. _/ =] (=]
s 1 _ pa 9 | ©
e =] =]
O |- T ——— o =)  eree————e—eee e =
= o o
: 5 5
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1980 2000 2010
t t -
1850 1960 1970 1980 1880 2000 2010 1950 1960 1970 1980 1990 2000 2010
Formation: Suppliers(ij) Persistence: Suppliers(ij) ! ‘
o | o Formation: Military Personnel(j) Persistence: Military Personnel(j)
l— ° < <+
- B — - =] (=]
] (=1
« ] «
il - —- (=] (=]
= / o4 s
5 — o — [=]
— T _ 3 _
o ol d_F,_,--"'-f =N =
(=] Clb = I e —
N e T e e N =
=] (=]
< < = _ . _ . . _ S1 . _ . . : .
=] ‘n'l-“ 195n 1960 1970 1980 1880 2000 2010 1950 1960 18970 1980 1990 2000 2010

1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1930 2000 2010 t 1
t t

Michael Lebacher®, Paul W. Thurner* and Géran Kauermann'

International Arms Trade:

R
v l'epartment of Statistics, Ludwig Maximilian University of Munich, michael.lebacher@stat.uni-muenchen.de
® £ Geschwister Scholl Institute of Political Science, Ludwig Maximilian University of Munich, paul.thurner@gsi.uni-muenchen.de
® ' Department of Statistics, Ludwig Maximilian University of Munich, goeran.kauermann@stat.uni-muenchen.de

Results: Time-varying individual random effects
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* For all four random effects we get individual o 2
functions for all countries.
e Those functions are discretized on a grid, :
yielding a time Series matrix that a”OWS to Formation, Receiver Persistence, Receiver
apply principal component analysis. :
* The resulting principal components and scores
show which countries have “special” positions
in the arms trade network (Conditional on the .
fixed effects).
Formation: Component Score, Receiver - PC 1 (77.3%)
LUX (Sg PP +++++++ bt bbby
g. — PC 2 (17.3%)
! oo High scores for the first
i g; component: Countries with a
(B high tendency to receive arms.
omponent t
N Persistence: Component Score, Receiver = PC 1 (71.5%) H ig h SCO res fo r t h e Seco n d
JAPR B ]

) IRL EHNiiEZE é;g T CompOnent: Countries that
cRI s o have increased their tendenc
N ARERY o y

BT B REY N R % t .
< R cgwok”  Fel O receive arms.
% p %ﬁ 1950 1960 1970 1980 t 1990 2000 2010
S PC 2 (24.3%)
3 h WEPHJK)F{ "’_ED’E
AR RUSZE@_%NPI—?L TV%N MOAunG ROM §§ ————— —— PP
ZWE ?38 ___f_:.{_it +++++

@ DEU fg

=10 -5 Compo%ent 1 5 10 +5 1950 1960 1970 1980 ¢ 1990 2000 2010

Conclusion

The proposed model allows to study the process of formation and dissolution separately as well as
the inclusion of time-varying coefficients random effects. We find network effects, especially for the
triadic network statistics transitivity and shared suppliers as well as reciprocity. We also find
Interesting time variation in the coefficients on defence agreements and homophily, measured by the
absolute difference of the polity score. For the economic quantities we have solid positive effects on
the probability that a tie forms newly or persists. A careful analysis of the random effects exhibits a
lot of variation among the countries as well as along the time dimension. The evaluation of the out-
of-sample-fit confirms that the chosen model is a reasonable one.
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