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[bookmark: _Hlk202872108]S.A. 1 2S-SGMM Estimation
[bookmark: _Hlk202872129]To address unobserved heterogeneity and simultaneity, we employ the 2S-SGMM method, which uses lagged dependent variables as instruments (Blundell and Bond, 1998). The results of the 2S-SGMM estimation are reported in S.A. Table 1. The coefficients of the lagged dependent variables (INV_INEFF, OI, and UI) remain positive and statistically significant, indicating persistence in the inefficiencies over time. Consistent with the pooled regression results, GPR remains to show a positive and significant influence on investment inefficiency (0.0209), overinvestment (0.3160), and underinvestment (0.0039) at conventional significance levels. Moreover, diagnostic tests, including Wald F-statistics (p < 0.01), confirm the joint significance of the independent variables across all models. The AR (1) statistic suggests the presence of first-order autocorrelation, while the AR (2) statistic remains insignificant, indicating no second-order autocorrelation and ensuring the validity of the models. Additionally, the Hansen test reports insignificant p-values, validating the exogeneity of the instruments used. The number of instruments remains below the number of groups, further ensuring the robustness of the GMM specification.

            S. A. Table 1. Two-step GMM estimation
	
	Investment Inefficiency
	Overinvestment
	Underinvestment

	Variables
	Model 1
	Model 2
	Model 3

	L.INV_INEFF
	1.3019***
	 
	 

	 
	(0.361)
	 
	 

	L.OVERINV
	 
	0.1271***
	 

	 
	 
	(0.045)
	 

	L.UNDERINV
	 
	 
	0.0619***

	 
	 
	 
	(0.016)

	Ln_GPR
	0.0208***
	0.3163***
	0.0039**

	 
	(0.006)
	(0.053)
	(0.002)

	TANG
	-0.1352***
	0.0379**
	-0.0142***

	 
	(0.051)
	(0.018)
	(0.001)

	SIZE
	-0.0026***
	-0.0089***
	-0.0012***

	 
	(0.001)
	(0.003)
	(0.000)

	ROA
	-0.4495***
	0.1282
	-0.0235***

	 
	(0.170)
	(0.097)
	(0.003)

	LEVE
	-0.1105***
	0.0281**
	0.0075***

	 
	(0.042)
	(0.013)
	(0.001)

	CASH
	0.1762**
	0.0861***
	0.0094***

	 
	(0.070)
	(0.024)
	(0.003)

	SLACK
	-0.0041**
	0.0076**
	0.0012***

	 
	(0.002)
	(0.003)
	(0.000)

	Ln_OC
	-0.0170***
	-0.0015
	0.0010***

	 
	(0.005)
	(0.004)
	(0.000)

	ROE
	0.0149***
	0.0044
	-0.0014**

	 
	(0.005)
	(0.023)
	(0.001)

	CFO
	-0.0070***
	0.0098
	-0.0188***

	 
	(0.002)
	(0.023)
	(0.004)

	Ln_Age
	-0.0027**
	-0.0111***
	-0.0008***

	 
	(0.001)
	(0.003)
	(0.000)

	TOBINSQ
	-0.0057**
	0.0021
	-0.0023***

	 
	(0.002)
	(0.004)
	(0.000)

	GDP_GROWTH
	0.0002
	-0.0043***
	0.0005***

	 
	(0.000)
	(0.001)
	(0.000)

	Intercept
	0.0668
	-1.2292***
	0.0345***

	 
	(0.043)
	(0.232)
	(0.008)

	Industry FE
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES

	Observations
	36397
	6693
	20906

	F
	1749
	284
	4090

	p-value
	0.000
	0.000
	0.000

	No. of instruments
	30
	21
	19

	AR1 (p-value)
	0.000
	0.000
	0.000

	AR2 (p-value)
	0.139
	0.241
	0.581

	Hansen-J (p-value)
	0.346
	0.238
	0.095



Notes: All models were estimated using the two-stage system-GMM method. The measurement of the variables is in Appendix Table A. *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively. 

[bookmark: _Hlk202872185]S.A. 2 Incremental Effect of GPR
Prior research highlights the role of economic policy uncertainty (EPU) as a significant determinant of investment efficiency (Hamza et al., 2024). Given the documented high correlation between GPR and EPU (Le and Tran, 2021), it becomes challenging to include both GPR and EPU in the same model due to multicollinearity concerns. To disentangle the unique effect of GPR from EPU, we follow the methodology outlined by Lee and Wang (2021) and Le and Tran (2021), which isolates the incremental impact of GPR on investment inefficiency. The approach involves first regressing EPU on GPR to extract the residual component, as represented by the following equation:
= + +                                                                                      (9)
Here, GPR encompasses overall GPR, GPRT, and GPRA, while EPU is quantified using the index developed by Baker et al. (2016). The residuals from Equation (9), representing the difference between the observed and predicted values of GPR, quantify the portion of GPR unexplained by EPU. This residual component, referred to as the incremental effect (i.e., GPR_INCREMENTAL, GPRT_INCREMENTAL, and GPRA_INCREMENTAL), captures the unique contribution of GPR. To evaluate this incremental effect, we regress measures of investment inefficiency on these residuals. S. A. Table 2 reveals that these incremental GPR measures remain positively and significantly related to investment inefficiency variables, corroborative that GPR uniquely contributes to inefficiencies beyond EPU. 

                         S. A. Table 2. Estimating incremental effect of GPR

	
	Investment inefficiency
	Overinvestment
	Underinvestment

	Variables
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9

	GPR_INCREMENTAL
	0.0102***
	
	
	0.0233***
	
	
	0.0032***
	
	

	
	(0.001)
	
	
	(0.005)
	
	
	(0.001)
	
	

	GPRT_INCREMENTAL
	
	0.0120***
	
	
	0.0267***
	
	
	0.0018*
	

	
	
	(0.002)
	
	
	(0.006)
	
	
	(0.001)
	

	GPRA_INCREMENTAL
	
	
	0.0073***
	
	
	0.0169***
	
	
	0.0061**

	
	
	
	(0.001)
	
	
	(0.004)
	
	
	(0.003)

	TANG
	0.0498***
	0.0498***
	0.0498***
	0.0805***
	0.0805***
	0.0805***
	-0.0185***
	-0.0199***
	-0.0188***

	
	(0.010)
	(0.010)
	(0.010)
	(0.012)
	(0.012)
	(0.012)
	(0.003)
	(0.001)
	(0.003)

	SIZ
	-0.0058***
	-0.0058***
	-0.0058***
	-0.0160***
	-0.0160***
	-0.0160***
	-0.0021***
	-0.0019***
	-0.0019***

	
	(0.000)
	(0.000)
	(0.000)
	(0.002)
	(0.002)
	(0.002)
	(0.000)
	(0.000)
	(0.000)

	ROA
	0.0786***
	0.0786***
	0.0786***
	0.0898
	0.0898
	0.0898
	-0.0255***
	-0.0268***
	-0.0264***

	
	(0.023)
	(0.023)
	(0.023)
	(0.056)
	(0.056)
	(0.056)
	(0.004)
	(0.003)
	(0.004)

	LEVE
	0.0336***
	0.0336***
	0.0336***
	0.0513***
	0.0513***
	0.0513***
	0.0130***
	0.0130***
	0.0127***

	
	(0.004)
	(0.004)
	(0.004)
	(0.010)
	(0.010)
	(0.010)
	(0.001)
	(0.001)
	(0.001)

	CAS
	0.0342***
	0.0342***
	0.0342***
	0.0751***
	0.0751***
	0.0751***
	-0.0030
	-0.0036
	-0.0032

	
	(0.008)
	(0.008)
	(0.008)
	(0.016)
	(0.016)
	(0.016)
	(0.002)
	(0.002)
	(0.002)

	SLACK
	0.0016***
	0.0016***
	0.0016***
	0.0072***
	0.0072***
	0.0072***
	0.0013***
	0.0015***
	0.0013***

	
	(0.000)
	(0.000)
	(0.000)
	(0.002)
	(0.002)
	(0.002)
	(0.000)
	(0.000)
	(0.000)

	Ln_OC
	-0.0000
	-0.0000
	-0.0000
	-0.0052*
	-0.0052*
	-0.0052*
	0.0008**
	0.0007**
	0.0009**

	
	(0.001)
	(0.001)
	(0.001)
	(0.003)
	(0.003)
	(0.003)
	(0.000)
	(0.000)
	(0.000)

	ROE
	0.0001
	0.0001
	0.0001
	-0.0013
	-0.0013
	-0.0013
	-0.0029***
	-0.0028***
	-0.0027***

	
	(0.002)
	(0.002)
	(0.002)
	(0.011)
	(0.011)
	(0.011)
	(0.001)
	(0.001)
	(0.001)

	CFO
	-0.0003
	-0.0003
	-0.0003
	-0.0145
	-0.0145
	-0.0145
	0.0003
	0.0003
	0.0003

	
	(0.000)
	(0.000)
	(0.000)
	(0.010)
	(0.010)
	(0.010)
	(0.000)
	(0.000)
	(0.000)

	Ln_Age
	-0.0058***
	-0.0058***
	-0.0058***
	-0.0121***
	-0.0121***
	-0.0121***
	-0.0010***
	-0.0009***
	-0.0008***

	
	(0.000)
	(0.000)
	(0.000)
	(0.002)
	(0.002)
	(0.002)
	(0.000)
	(0.000)
	(0.000)

	GDP_GRO
	0.0001***
	0.0002***
	0.0002***
	0.0001
	-0.0001
	0.0002
	-0.0045***
	0.0002***
	0.0003**

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	TOBINSQ
	0.0014**
	0.0014**
	0.0014**
	0.0088
	0.0088
	0.0088
	-0.0017***
	-0.0016***
	-0.0014***

	
	(0.001)
	(0.001)
	(0.001)
	(0.006)
	(0.006)
	(0.006)
	(0.000)
	(0.000)
	(0.000)

	Intercept
	0.0992***
	0.0973***
	0.0998***
	0.2332***
	0.2326***
	0.2342***
	0.1202***
	0.0740***
	0.0723***

	
	(0.007)
	(0.007)
	(0.007)
	(0.024)
	(0.024)
	(0.024)
	(0.002)
	(0.002)
	(0.002)

	Industry FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Observations
	40889
	40889
	40889
	12294
	12294
	12294
	28595
	28595
	28595

	Adj. R2
	0.0830
	0.0830
	0.0830
	0.1216
	0.1216
	0.1216
	0.1222
	0.1078
	0.1169






























Notes: We estimate the GPR incremental effect. GPR_INCREMENTAL, GPRT_INCREMENTAL, and GPRA_INCREMENTAL is residuals from the regression of GPR on EPU. All models employing pooled panel OLS estimation. Robust standard errors in brackets are clustered by firm and year to address serial correlation and heteroskedasticity. The measurement of the variables is in Appendix Table A. *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively.

[bookmark: _Hlk202872229]S. A. 3 Fixed-Effects estimation
We further employ firm-fixed effects in our baseline regression models. This allows us to control for time-invariant unobservable firm-specific factors, which could otherwise bias the results due to omitted variables. By accounting for such heterogeneity, we strengthen the credibility of our estimates. We present the findings in S. A. Table 3. Consistently, our results show that the GPR, GPRT, and GPRA are positively and significantly impacting investment inefficiency variables. These findings align closely with the outcomes obtained from the year, and industry fixed effects models, reinforcing the validity of our conclusions across different estimation methods.

                S. A. Table 3. Firm fixed effect estimation
	 
	Investment inefficiency
	Overinvestment
	Underinvestment

	Variables
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9

	GPR
	0.1006***
	 
	 
	0.0822***
	 
	 
	0.0045***
	 
	 

	 
	(0.021)
	 
	 
	(0.015)
	 
	 
	(0.001)
	 
	 

	GPRT
	 
	0.1717***
	 
	 
	0.1340***
	 
	 
	0.0074***
	 

	 
	 
	(0.045)
	 
	 
	(0.024)
	 
	 
	(0.001)
	 

	GPRA
	 
	 
	0.0321***
	 
	 
	0.0468***
	 
	 
	0.0163*

	 
	 
	 
	(0.011)
	 
	 
	(0.008)
	 
	 
	(0.010)

	TANG
	0.0253***
	0.0253***
	0.0253***
	-0.0085
	-0.0085
	-0.0085
	-0.0084***
	-0.0081***
	-0.0079***

	 
	(0.006)
	(0.006)
	(0.006)
	(0.015)
	(0.015)
	(0.015)
	(0.002)
	(0.002)
	(0.002)

	SIZE
	-0.0328***
	-0.0328***
	-0.0328***
	-0.0757***
	-0.0757***
	-0.0757***
	0.0042***
	0.0041***
	0.0036***

	 
	(0.002)
	(0.002)
	(0.002)
	(0.005)
	(0.005)
	(0.005)
	(0.000)
	(0.000)
	(0.000)

	ROA
	0.0951***
	0.0951***
	0.0951***
	0.1284***
	0.1284***
	0.1284***
	-0.0086***
	-0.0083***
	-0.0082***

	 
	(0.010)
	(0.010)
	(0.010)
	(0.034)
	(0.034)
	(0.034)
	(0.003)
	(0.003)
	(0.003)

	LEVE
	0.0029
	0.0029
	0.0029
	-0.0046
	-0.0046
	-0.0046
	0.0169***
	0.0171***
	0.0174***

	 
	(0.004)
	(0.004)
	(0.004)
	(0.014)
	(0.014)
	(0.014)
	(0.001)
	(0.001)
	(0.001)

	CASH
	0.0518***
	0.0518***
	0.0518***
	0.0777***
	0.0777***
	0.0777***
	-0.0029
	-0.0031
	-0.0033

	 
	(0.008)
	(0.008)
	(0.008)
	(0.019)
	(0.019)
	(0.019)
	(0.002)
	(0.002)
	(0.002)

	SLACK
	-0.0000
	-0.0000
	-0.0000
	0.0060*
	0.0060*
	0.0060*
	0.0001
	0.0002
	0.0002

	 
	(0.000)
	(0.000)
	(0.000)
	(0.003)
	(0.003)
	(0.003)
	(0.000)
	(0.000)
	(0.000)

	Ln_OC
	-0.0002
	-0.0002
	-0.0002
	-0.0093
	-0.0093
	-0.0093
	-0.0038***
	-0.0039***
	-0.0039***

	 
	(0.001)
	(0.001)
	(0.001)
	(0.006)
	(0.006)
	(0.006)
	(0.000)
	(0.000)
	(0.000)

	ROE
	-0.0038**
	-0.0038**
	-0.0038**
	0.0000
	0.0000
	0.0000
	-0.0016***
	-0.0016***
	-0.0017***

	 
	(0.002)
	(0.002)
	(0.002)
	(0.011)
	(0.011)
	(0.011)
	(0.001)
	(0.001)
	(0.001)

	CFO
	0.0001
	0.0001
	0.0001
	-0.0032
	-0.0032
	-0.0032
	0.0004***
	0.0004***
	0.0004***

	 
	(0.000)
	(0.000)
	(0.000)
	(0.014)
	(0.014)
	(0.014)
	(0.000)
	(0.000)
	(0.000)

	Ln_Age
	-0.0156***
	-0.0156***
	-0.0156***
	-0.0195*
	-0.0195*
	-0.0195*
	0.0032***
	0.0017
	-0.0023*

	 
	(0.005)
	(0.005)
	(0.005)
	(0.012)
	(0.012)
	(0.012)
	(0.001)
	(0.001)
	(0.001)

	TOBINSQ
	-0.0333***
	-0.0003
	-0.0137
	0.0022***
	0.0030***
	0.0020***
	0.0002***
	0.0002***
	0.0040

	 
	(0.012)
	(0.000)
	(0.009)
	(0.001)
	(0.001)
	(0.001)
	(0.000)
	(0.000)
	(0.006)

	GDP_GRO
	-0.0001
	-0.0001
	-0.0001
	0.0051**
	0.0051**
	0.0051**
	-0.0011***
	-0.0012***
	-0.0015***

	 
	(0.001)
	(0.001)
	(0.001)
	(0.002)
	(0.002)
	(0.002)
	(0.000)
	(0.000)
	(0.000)

	Intercept
	1.1977***
	-0.5364**
	0.7000***
	1.6358***
	2.2311***
	1.2307***
	0.0127*
	0.0045
	0.0251

	 
	(0.220)
	(0.227)
	(0.122)
	(0.145)
	(0.215)
	(0.100)
	(0.007)
	(0.006)
	(0.080)

	Firm FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Observations
	40974
	40974
	40974
	12312
	12312
	12312
	28662
	28662
	28662

	Adj. R2
	0.0834
	0.0810
	0.0834
	0.1240
	0.1240
	0.1240
	0.0290
	0.0310
	0.0357

	F
	27.1119
	27.1839
	27.1119
	23.7426
	23.7426
	23.7426
	40.3571
	43.9331
	24.9654

	p
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000


Notes: All models employing firm fixed effect estimation. Robust standard errors in brackets are clustered by firm and year to address serial correlation and heteroskedasticity. The measurement of the variables is in Appendix Table A.  *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively. 

[bookmark: _Hlk202872272]S. A. 4 Heterogeneity investigation 
OLS regression captures the average response of the dependent variable to changes in the independent variable. However, these results may still be influenced by extreme values, even after winsorizing all variables at the 1% and 99 % levels.  To address potential bias from outliers and to gain deeper insights into heterogeneity, this study employs quantile regression (Koenker and Bassett Jr, 1978). This technique allows us to analyze the influence of GPR on investment inefficiency across different points of the conditional distribution of the dependent variables. Specifically, we estimate the effects across nine quantiles, ranging from the lower quantile (10) to the higher quantile (90). The quantile regression results are presented in S. A. Table 4, divided into three panels: inefficient Investment (Panel A), Overinvestment (Panel B), and Underinvestment (Panel C). Across all quantiles and models, the coefficients for GPR are consistently positive and significant. These findings suggest that geopolitical risk contributes to increased investment inefficiency, overinvestment, and underinvestment at all distribution levels, further affirming the robustness of our earlier findings. Additionally, we conduct an industry-wise[footnoteRef:1] analysis to examine the differential effects of GPR on investment inefficiency across various sectors. The findings reveal the positive association between GPR and investment inefficiency remains consistent across all industries. [1:  We find similar results as baseline. Thus, this regression results are untabulated. However, they are available upon request.] 



                                   S. A. Table 4. Heterogeneity investigation by employing quantile regression
	Panel A: Investment inefficiency

	Variables
	Q10
	Q20
	Q30
	Q40
	Q50
	Q60
	Q70
	Q80
	Q90

	GPR
	0.0025*
	0.0038**
	0.0056***
	0.0039***
	0.0036***
	0.0046***
	0.0053***
	0.0142***
	0.0446***

	
	(0.001)
	(0.002)
	(0.002)
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.003)
	(0.009)

	Intercept
	0.0123**
	0.0255***
	0.0337***
	0.0531***
	0.0600***
	0.0589***
	0.0596***
	0.0274**
	-0.0746*

	
	(0.006)
	(0.008)
	(0.008)
	(0.006)
	(0.006)
	(0.005)
	(0.006)
	(0.012)
	(0.041)

	Industry FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Control Variables
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Observations
	40889
	40889
	40889
	40889
	40889
	40889
	40889
	40889
	40889

	Pseudo_R2
	0.0192
	0.0294
	0.0328
	0.0295
	0.0243
	0.0208
	0.0228
	0.0406
	0.1075

	Panel B: Overinvestment

	Variables
	Q10
	Q20
	Q30
	Q40
	Q50
	Q60
	Q70
	Q80
	Q90

	GPR
	0.0063***
	0.0156***
	0.0261***
	0.0343***
	0.0339***
	0.0465***
	0.0539***
	0.0772***
	0.0780***

	
	(0.002)
	(0.003)
	(0.004)
	(0.005)
	(0.006)
	(0.008)
	(0.013)
	(0.017)
	(0.027)

	Intercept
	-0.0185*
	-0.0492***
	-0.0801***
	-0.0967***
	-0.0639**
	-0.0745**
	-0.0426
	-0.0340
	0.3066**

	
	(0.010)
	(0.013)
	(0.020)
	(0.024)
	(0.031)
	(0.037)
	(0.060)
	(0.078)
	(0.131)

	Industry FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Control Variables
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Observations
	12294
	12294
	12294
	12294
	12294
	12294
	12294
	12294
	12294

	Pseudo_R2
	0.0096
	0.0184
	0.0283
	0.0400
	0.0513
	0.0646
	0.0810
	0.1011
	0.1402

	Panel C: Underinvestment

	Variables
	Q10
	Q20
	Q30
	Q40
	Q50
	Q60
	Q70
	Q80
	Q90

	GPR
	0.0016
	0.0019
	0.0034**
	0.0035***
	0.0024**
	0.0026***
	0.0030***
	0.0022**
	0.0024***

	
	(0.002)
	(0.002)
	(0.002)
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.001)
	(0.001)

	Intercept
	-0.0001
	0.0104
	0.0179**
	0.0314***
	0.0458***
	0.0528***
	0.0579***
	0.0689***
	0.0756***

	
	(0.008)
	(0.008)
	(0.008)
	(0.006)
	(0.006)
	(0.005)
	(0.004)
	(0.004)
	(0.005)

	Industry FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Year FE
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Control Variables
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Observations
	29673
	29673
	29673
	29673
	29673
	29673
	29673
	29673
	29673

	Pseudo_R2
	0.0236
	0.0342
	0.0354
	0.0323
	0.0283
	0.0254
	0.0228
	0.0213
	0.0240


Notes: All models employing panel quantile regression estimation. This table employ10%–90% quantile range, divided into intervals of 10%, for models 1 through 9. The measurement of the variables is in Appendix Table A. *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively.
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