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Supplementary Appendix A. Persistence heterogeneity tables
Supplementary Table S1. Retrospective persistence-threshold contrasts
	Specification
	History window
	Positive-year threshold
	
	SE
	95% CI
	p
	N
	Focal clusters
	Partner clusters
	Future information

	All 8 years positive
	2018-2025
	8
	-0.019928
	0.006093
	[-0.032339, -0.007518]
	0.00257
	35,171
	33
	173
	Yes

	At least 7 of 8 years positive
	2018-2025
	7
	-0.019653
	0.005462
	[-0.030778, -0.008528]
	0.001066
	35,171
	33
	173
	Yes

	At least 6 of 8 years positive
	2018-2025
	6
	-0.018163
	0.007554
	[-0.033549, -0.002776]
	0.022159
	35,171
	33
	173
	Yes



Supplementary Table S2. Prospective rolling persistence contrasts
	Specification
	History window
	Prediction window
	
	SE
	95% CI
	p
	N
	Focal clusters
	Partner clusters

	2018–2020 history → 2021–2025 prediction
	2018-2020
	2021-2025
	-0.02415
	0.014224
	[-0.053123, 0.004823]
	0.099248
	18,950
	33
	146

	2019–2021 history → 2022–2025 prediction
	2019-2021
	2022-2025
	-0.016576
	0.021067
	[-0.059489, 0.026336]
	0.437177
	15,465
	33
	148
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Supplementary Table S3. Inference, coverage, and specification sensitivity
Panel A. Finite-cluster and leave-one-focal-country-out diagnostics
	Margin
	Distance
	Baseline coefficient
	Two-way SE
	Wild p
	LOO min
	LOO max
	Sign flip

	Partner collaboration rate
	Language
	-8.22e-05
	2.18e-05
	0.001
	-9.01e-05
	-7.59e-05
	No

	Partner collaboration rate
	Geopolitical
	-6.33e-05
	2.90e-05
	0.011
	-7.71e-05
	-5.04e-05
	No

	Pair paper count
	Language
	-0.029551
	0.007653
	0.001
	-0.032175
	-0.025956
	No

	Pair paper count
	Geopolitical
	-0.016477
	0.011532
	0.156
	-0.02245
	-0.009151
	No

	Entry
	Language
	-0.031796
	0.005682
	0.001
	-0.034212
	-0.029521
	No

	Entry
	Geopolitical
	-0.021368
	0.004695
	0.001
	-0.023947
	-0.01972
	No

	Exit
	Language
	0.055251
	0.008655
	0.001
	0.051096
	0.058005
	No

	Exit
	Geopolitical
	0.016747
	0.008903
	0.023
	0.013751
	0.019527
	No

	Active-tie intensity
	Language
	-0.006815
	0.002051
	0.001
	-0.007302
	-0.006072
	No

	Active-tie intensity
	Geopolitical
	-0.007615
	0.002792
	0.012
	-0.008833
	-0.006416
	No



Panel B. PPML with high-dimensional fixed effects
	Term
	PPML coefficient (log scale)
	SE
	95% CI
	p
	N
	Focal clusters
	Partner clusters

	Geopolitical distance × trend
	-0.0049
	0.00306
	[-0.011119, 0.001318]
	0.118517
	72,769
	35
	184

	Linguistic distance × trend
	-0.001667
	0.001553
	[-0.004823, 0.001489]
	0.290718
	72,769
	35
	184



Panel C. Linear collaboration rate on the PPML-estimable sample
	Term
	Coefficient
	SE
	95% CI
	p
	N
	Focal clusters
	Partner clusters

	Geopolitical distance × trend
	-9.53e-05
	2.93e-05
	[-0.000155, -3.59e-05]
	0.002548
	72,769
	35
	184

	Linguistic distance × trend
	-0.000129
	2.62e-05
	[-0.000182, -7.56e-05]
	2.22e-05
	72,769
	35
	184




Panel D. Observable coverage restrictions
	Restriction
	Margin
	Distance
	Coefficient
	SE
	p
	95% CI
	N
	Risk set

	Baseline
	Partner collaboration rate
	Language
	-8.22e-05
	2.18e-05
	0.000648
	[-0.000127, -3.79e-05]
	136,224
	all balanced cells

	Baseline
	Partner collaboration rate
	Geopolitical
	-6.33e-05
	2.90e-05
	0.036702
	[-0.000122, -4.16e-06]
	136,224
	all balanced cells

	Baseline
	Pair paper count
	Language
	-0.029551
	0.007653
	0.000516
	[-0.045139, -0.013963]
	136,224
	all balanced cells

	Baseline
	Pair paper count
	Geopolitical
	-0.016477
	0.011532
	0.162754
	[-0.039968, 0.007013]
	136,224
	all balanced cells

	Baseline
	Active collaboration status
	Language
	-0.001873
	0.000736
	0.015949
	[-0.003371, -0.000374]
	136,224
	all balanced cells

	Baseline
	Active collaboration status
	Geopolitical
	-0.000323
	0.000531
	0.54766
	[-0.001405, 0.000759]
	136,224
	all balanced cells

	Baseline
	Entry
	Language
	-0.031796
	0.005682
	3.51e-06
	[-0.04337, -0.020222]
	88,829
	lagged-zero risk set, 2019-2025

	Baseline
	Entry
	Geopolitical
	-0.021368
	0.004695
	7.28e-05
	[-0.03093, -0.011805]
	88,829
	lagged-zero risk set, 2019-2025

	Baseline
	Exit
	Language
	0.055251
	0.008655
	3.59e-07
	[0.037621, 0.072881]
	30,367
	lagged-positive risk set, 2019-2025

	Baseline
	Exit
	Geopolitical
	0.016747
	0.008903
	0.069111
	[-0.001389, 0.034882]
	30,367
	lagged-positive risk set, 2019-2025

	Baseline
	Active-tie intensity
	Language
	-0.006815
	0.002051
	0.002244
	[-0.010994, -0.002636]
	35,171
	positive cells only

	Baseline
	Active-tie intensity
	Geopolitical
	-0.007615
	0.002792
	0.01028
	[-0.013303, -0.001928]
	35,171
	positive cells only

	First-author affiliation recognition ≥95%
	Partner collaboration rate
	Language
	-8.06e-05
	2.19e-05
	0.000859
	[-0.000125, -3.60e-05]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Partner collaboration rate
	Geopolitical
	-6.78e-05
	3.05e-05
	0.033203
	[-0.00013, -5.75e-06]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Pair paper count
	Language
	-0.029061
	0.007868
	0.000822
	[-0.045088, -0.013034]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Pair paper count
	Geopolitical
	-0.020598
	0.012657
	0.113463
	[-0.04638, 0.005184]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Active collaboration status
	Language
	-0.001991
	0.000704
	0.007979
	[-0.003424, -0.000558]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Active collaboration status
	Geopolitical
	-0.00057
	0.000563
	0.319018
	[-0.001718, 0.000577]
	126,248
	all balanced cells

	First-author affiliation recognition ≥95%
	Entry
	Language
	-0.03132
	0.005693
	4.62e-06
	[-0.042917, -0.019723]
	78,648
	lagged-zero risk set, 2019-2025

	First-author affiliation recognition ≥95%
	Entry
	Geopolitical
	-0.020728
	0.004792
	0.000139
	[-0.030489, -0.010967]
	78,648
	lagged-zero risk set, 2019-2025

	First-author affiliation recognition ≥95%
	Exit
	Language
	0.053963
	0.009117
	1.37e-06
	[0.035392, 0.072533]
	27,132
	lagged-positive risk set, 2019-2025

	First-author affiliation recognition ≥95%
	Exit
	Geopolitical
	0.017896
	0.008575
	0.044933
	[0.00043, 0.035363]
	27,132
	lagged-positive risk set, 2019-2025

	First-author affiliation recognition ≥95%
	Active-tie intensity
	Language
	-0.006771
	0.002067
	0.002541
	[-0.010982, -0.00256]
	32,671
	positive cells only

	First-author affiliation recognition ≥95%
	Active-tie intensity
	Geopolitical
	-0.008545
	0.00303
	0.008179
	[-0.014718, -0.002372]
	32,671
	positive cells only

	Authorship-country missingness ≤5%
	Partner collaboration rate
	Language
	-6.84e-05
	2.56e-05
	0.01168
	[-0.00012, -1.63e-05]
	72,412
	all balanced cells

	Authorship-country missingness ≤5%
	Partner collaboration rate
	Geopolitical
	-4.71e-05
	3.24e-05
	0.155179
	[-0.000113, 1.88e-05]
	72,412
	all balanced cells

	Authorship-country missingness ≤5%
	Pair paper count
	Language
	-0.030431
	0.013409
	0.030119
	[-0.057745, -0.003118]
	72,412
	all balanced cells

	Authorship-country missingness ≤5%
	Pair paper count
	Geopolitical
	-0.014861
	0.015083
	0.33187
	[-0.045584, 0.015862]
	72,412
	all balanced cells

	Authorship-country missingness ≤5%
	Active collaboration status
	Language
	-0.002802
	0.001052
	0.011999
	[-0.004944, -0.000659]
	72,412
	all balanced cells

	Authorship-country missingness ≤5%
	Active collaboration status
	Geopolitical
	-0.001191
	0.000912
	0.201179
	[-0.003049, 0.000668]
	72,412
	all balanced cells

	[bookmark: _GoBack]Authorship-country missingness ≤5%
	Entry
	Language
	-0.019773
	0.005152
	0.000551
	[-0.030266, -0.009279]
	37,637
	lagged-zero risk set, 2019-2025

	Authorship-country missingness ≤5%
	Entry
	Geopolitical
	-0.013418
	0.006133
	0.036112
	[-0.025912, -0.000925]
	37,637
	lagged-zero risk set, 2019-2025

	Authorship-country missingness ≤5%
	Exit
	Language
	0.064682
	0.010163
	3.80e-07
	[0.04398, 0.085383]
	11,383
	lagged-positive risk set, 2019-2025

	Authorship-country missingness ≤5%
	Exit
	Geopolitical
	0.021008
	0.009796
	0.039685
	[0.001054, 0.040961]
	11,383
	lagged-positive risk set, 2019-2025

	Authorship-country missingness ≤5%
	Active-tie intensity
	Language
	-0.007995
	0.003558
	0.031675
	[-0.015243, -0.000747]
	17,267
	positive cells only

	Authorship-country missingness ≤5%
	Active-tie intensity
	Geopolitical
	-0.008203
	0.003717
	0.034623
	[-0.015775, -0.000631]
	17,267
	positive cells only

	100-author-cap risk ≤1%
	Partner collaboration rate
	Language
	-7.58e-05
	2.00e-05
	0.000627
	[-0.000117, -3.51e-05]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Partner collaboration rate
	Geopolitical
	-5.87e-05
	2.90e-05
	0.051639
	[-0.000118, 4.43e-07]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Pair paper count
	Language
	-0.02854
	0.007482
	0.000588
	[-0.043781, -0.013299]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Pair paper count
	Geopolitical
	-0.016088
	0.011919
	0.186534
	[-0.040366, 0.008189]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Active collaboration status
	Language
	-0.002069
	0.000747
	0.009254
	[-0.00359, -0.000547]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Active collaboration status
	Geopolitical
	-0.000302
	0.000585
	0.609428
	[-0.001492, 0.000889]
	129,688
	all balanced cells

	100-author-cap risk ≤1%
	Entry
	Language
	-0.031223
	0.005585
	3.56e-06
	[-0.0426, -0.019847]
	82,889
	lagged-zero risk set, 2019-2025

	100-author-cap risk ≤1%
	Entry
	Geopolitical
	-0.020409
	0.004709
	0.000136
	[-0.030001, -0.010818]
	82,889
	lagged-zero risk set, 2019-2025

	100-author-cap risk ≤1%
	Exit
	Language
	0.057658
	0.008956
	3.07e-07
	[0.039416, 0.0759]
	27,535
	lagged-positive risk set, 2019-2025

	100-author-cap risk ≤1%
	Exit
	Geopolitical
	0.016414
	0.008845
	0.072712
	[-0.001602, 0.034431]
	27,535
	lagged-positive risk set, 2019-2025

	100-author-cap risk ≤1%
	Active-tie intensity
	Language
	-0.00691
	0.002135
	0.002812
	[-0.011258, -0.002561]
	32,974
	positive cells only

	100-author-cap risk ≤1%
	Active-tie intensity
	Geopolitical
	-0.007747
	0.002949
	0.013122
	[-0.013755, -0.001739]
	32,974
	positive cells only

	All three quality restrictions
	Partner collaboration rate
	Language
	-6.85e-05
	2.52e-05
	0.010602
	[-0.00012, -1.71e-05]
	71,896
	all balanced cells

	All three quality restrictions
	Partner collaboration rate
	Geopolitical
	-4.92e-05
	3.21e-05
	0.135077
	[-0.000115, 1.62e-05]
	71,896
	all balanced cells

	All three quality restrictions
	Pair paper count
	Language
	-0.030183
	0.013239
	0.029421
	[-0.05715, -0.003216]
	71,896
	all balanced cells

	All three quality restrictions
	Pair paper count
	Geopolitical
	-0.01571
	0.014994
	0.302607
	[-0.046251, 0.014832]
	71,896
	all balanced cells

	All three quality restrictions
	Active collaboration status
	Language
	-0.002871
	0.001052
	0.01023
	[-0.005014, -0.000728]
	71,896
	all balanced cells

	All three quality restrictions
	Active collaboration status
	Geopolitical
	-0.001134
	0.00092
	0.226698
	[-0.003009, 0.00074]
	71,896
	all balanced cells

	All three quality restrictions
	Entry
	Language
	-0.019672
	0.005182
	0.000619
	[-0.030228, -0.009116]
	37,118
	lagged-zero risk set, 2019-2025

	All three quality restrictions
	Entry
	Geopolitical
	-0.013309
	0.006215
	0.039942
	[-0.025967, -0.00065]
	37,118
	lagged-zero risk set, 2019-2025

	All three quality restrictions
	Exit
	Language
	0.064774
	0.010209
	4.01e-07
	[0.043979, 0.085568]
	11,214
	lagged-positive risk set, 2019-2025

	All three quality restrictions
	Exit
	Geopolitical
	0.021656
	0.009727
	0.03315
	[0.001843, 0.041469]
	11,214
	lagged-positive risk set, 2019-2025

	All three quality restrictions
	Active-tie intensity
	Language
	-0.008069
	0.003622
	0.033028
	[-0.015446, -0.000692]
	17,125
	positive cells only

	All three quality restrictions
	Active-tie intensity
	Geopolitical
	-0.008152
	0.003799
	0.03957
	[-0.01589, -0.000414]
	17,125
	positive cells only

	Complete-enumeration cells
	Partner collaboration rate
	Language
	-8.64e-05
	2.62e-05
	0.003147
	[-0.000141, -3.22e-05]
	53,492
	all balanced cells

	Complete-enumeration cells
	Partner collaboration rate
	Geopolitical
	-1.88e-05
	2.06e-05
	0.368991
	[-6.14e-05, 2.37e-05]
	53,492
	all balanced cells

	Complete-enumeration cells
	Pair paper count
	Language
	-0.019479
	0.005346
	0.001357
	[-0.030537, -0.00842]
	53,492
	all balanced cells

	Complete-enumeration cells
	Pair paper count
	Geopolitical
	0.014144
	0.009396
	0.145858
	[-0.005293, 0.033581]
	53,492
	all balanced cells

	Complete-enumeration cells
	Active collaboration status
	Language
	-0.001198
	0.000932
	0.211249
	[-0.003126, 0.000729]
	53,492
	all balanced cells

	Complete-enumeration cells
	Active collaboration status
	Geopolitical
	0.000274
	0.001138
	0.811773
	[-0.00208, 0.002628]
	53,492
	all balanced cells

	Complete-enumeration cells
	Entry
	Language
	-0.028124
	0.007017
	0.000591
	[-0.042677, -0.013572]
	35,718
	lagged-zero risk set, 2019-2025

	Complete-enumeration cells
	Entry
	Geopolitical
	-0.02322
	0.004299
	2.00e-05
	[-0.032136, -0.014305]
	35,718
	lagged-zero risk set, 2019-2025

	Complete-enumeration cells
	Exit
	Language
	0.05794
	0.010611
	1.74e-05
	[0.035934, 0.079946]
	9,518
	lagged-positive risk set, 2019-2025

	Complete-enumeration cells
	Exit
	Geopolitical
	0.023036
	0.010988
	0.047762
	[0.000248, 0.045824]
	9,518
	lagged-positive risk set, 2019-2025

	Complete-enumeration cells
	Active-tie intensity
	Language
	-0.008309
	0.003032
	0.011655
	[-0.014581, -0.002037]
	11,482
	positive cells only

	Complete-enumeration cells
	Active-tie intensity
	Geopolitical
	0.007005
	0.004282
	0.115505
	[-0.001854, 0.015863]
	11,482
	positive cells only


Note. Panels A and D are based on the benchmark analytical panel or restrictions derived from it. Panels B and C use the broader pre-control language–geopolitics panel after applying the same fixed-effect separation screen. Both Panels B and C contain 72,769 observations, 35 focal countries, and 184 partner countries; Panel C re-estimates the linear collaboration-rate specification on the rows retained for the PPML analysis.
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