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These are the results of the regression with the information of the municipal government (IMM) and the national government (DCA) together.

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1997:08 2001:10

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 3435

	Variable
	Coefficient
	Std. Error
	Robust Std. Error.
	t-Stat

	C
	-0.9430
	0.8440
	
	

	LOGPQ
	-0.1884
	0.1781
	 0.2211
	-0.8521

	LOGLABOR
	0.8223
	0.0364
	 0.1458
	5.6399

	LOGWATER
	0.1652
	0.0277
	 0.0804
	2.0547

	LOGENERGY
	0.2449
	0.0289
	 0.0815
	3.0049

	LOGFLOW
	-0.2273
	0.0197
	 0.0888
	-2.5597

	TECH
	-1.7579
	0.1612
	 0.3716
	-4.7306

	PINSP
	-0.2061
	0.2127
	 0.1557
	-1.3237

	INSPCUM
	0.0410
	0.0128
	 0.0116
	3.5349

	EACUM
	-0.0198
	0.0239
	 0.0229
	-0.8646

	R-squared
	0.8679
	    Mean dependent var
	3.8475

	Adjusted R-squared
	0.8646
	    S.D. dependent var
	2.0000

	S.E. of regression
	0.7358
	    Sum squared resid
	1814.988

	F-statistic
	268.4914
	    Durbin-Watson stat
	2.0428

	Prob(F-statistic)
	0.0000
	
	
	


I do not present fixed-effects for space reasons.

In this regression PQ, PINSP and EACUM are not significant.

The other results I sent you were this same regression but with INSPOTHERCUM and INSPSEINCOCUM. Here there are:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1997:08 2001:10

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 3435

	Variable
	Coefficient
	Std. Error
	Robust St. Error
	t-Stat

	C
	-1.1511
	0.9788
	
	

	LOGPQ
	-0.1636
	0.1803
	0.2285
	-0.7160

	LOGLABOR
	0.8175
	0.0366
	0.1465
	5.5802

	LOGWATER
	0.1671
	0.0277
	0.0803
	2.0809

	LOGENERGY
	0.2450
	0.0289
	0.0808
	3.0322

	LOGFLOW
	-0.2274
	0.0197
	0.0888
	-2.5608

	TECH
	-1.7213
	0.1629
	0.3692
	-4.6622

	PINSP
	-0.2308
	0.2309
	0.1614
	-1.4300

	INSPCUM
	0.0352
	0.0136
	0.0120
	2.9333

	INSPOTHERCUM
	0.0002
	0.0007
	0.0008
	0.25

	INSPSEINCOCUM
	-0.0124
	0.0100
	0.0057
	-2.1754

	EACUM
	-0.0224
	0.0238
	0.0227
	-0.9868

	R-squared
	0.8687
	    Mean dependent var
	3.8788

	Adjusted R-squared
	0.8654
	    S.D. dependent var
	2.0053

	S.E. of regression
	0.7357
	    Sum squared resid
	1813.2858

	F-statistic
	263.8297
	    Durbin-Watson stat
	2.0408

	Prob(F-statistic)
	0.0000
	
	
	


With the inclusion of INSPOTHERCUM and INSPSEINCOCUM PQ, PINSP and EACUM remained insignificant. INSPOTHERCUM  resulted insignificant and INSPSEINCOCUM resulted significant. 

Moreover, INSPCUM retained the positive sign, which is difficult to explain. INSPCUM was included to capture any permanent effect of inspections due to easily correctable situations that inspector could detect.  The positive sign could be interpreted as if plants given that were inspected in the past they correctly guessed that they were not going to be inspected in the present month and therefore increased emissions. But this explanation clashes with two things. First, this are reported emissions. So it make less sense to increase emissions if you are going to report them later. Second, this effect should be included in PINSP. Am I right? Notwithstanding, this is the result and I am not planning to “bury” or go against my own work because of it. The coefficient is too small.

Now, I present you the results of the BOD5 equation with separate monitoring and enforcement variables for IMM (municipality) and DCA (nat. government). In order to respect the evolution presented above I regress it first without INSPOTHER and SEINCO. Here are the results:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust St. Error
	t-Stat

	C
	-0.7125
	0.9665
	
	

	LOGPQ
	-0.2599
	0.2064
	 0.2563
	-1.0140

	LOGLABOR
	0.7922
	0.0419
	 0.1342
	5.9031

	LOGWATER
	0.0692
	0.0300
	 0.0745
	0.9289

	LOGENERGY
	0.3137
	0.0327
	 0.0891
	3.5208

	LOGFLOW
	-0.1847
	0.0214
	 0.0886
	-2.0847

	TECH
	-1.5466
	0.1744
	 0.2851
	-5.4248

	PINSPIMM
	-0.0201
	0.2660
	 0.2341
	-0.1158

	PINSPDCA
	-0.4779
	0.3012
	 0.2445
	-1.9509

	INSPIMMCUM
	0.0271
	0.0193
	 0.0140
	1.4041

	INSPDCACUM
	0.0483
	0.0211
	 0.0169
	2.8580

	FINEDIMMCUM
	-0.0292
	0.1469
	 0.1065
	-0.2742

	EADCACUM
	-0.0071
	0.0229
	 0.0202
	-0.3515

	R-squared
	0.881600
	    Mean dependent var
	4.112044

	Adjusted R-squared
	0.877881
	    S.D. dependent var
	2.064768

	S.E. of regression
	0.721543
	    Sum squared resid
	1408.811

	F-statistic
	237.0447
	    Durbin-Watson stat
	2.009328

	Prob(F-statistic)
	0.000000
	
	
	


PQ remained insignificant. WATER turned insignificant. With respect to the monitoring and enforcement variables: PINSPIMM is not significant while PINSPDCA is. The result is not due to a possible multicollinearity among these variables because their correlation coefficient is 0.13. I thought the result could obey to the division of tasks between the two offices during the period in the sense that if your probability of being inspected by the DCA was higher probably meant that you were in the process of applying for an authorization of discharge and therefore doing changes to your treatment process. But DCA inspections, in practice, were not explained just for this fact. Inspection of data does not reveal a relatively larger number of inspections in plants that changed treatment technology. I also thought it could obey to the fact that inspections by the IMM were relatively more frequent but had less implications in terms of possible future fines. But the IMM levied 11 fines and conducted 549 inspections, which gives an average of 0.02 fines per inspection. The DCA levied 4 fines and conducted 211 inspections which gives an average of 0.018, both between 1996:07 – 2001:10. Averages are 0.018 and 0.021 respectively in the period 1997:07  - 2001:10. So this could not be an explanation either. It looks like the DCA was simply more effective than the IMM as for the threat of inspections.

INSPIMMCUM is not significant while INSPDCACUM is. 

FINEDIMM and EADCACUM are not significant.

Comments:  I do not think that the insignificance of the monitoring and enforcement variables is a bad result. Rather, I think it is a more interesting one and it does not took me by surprise (except by PINSPDCA). Fines have been very rare events and inspections relatively the contrary. Plants did not have to expect to be punished so they did not have to reduce emissions. The decline in the average level of BOD5 through time that is observed in the graphs included in the Chapters is due to other reasons, that this model do not capture entirely, of course. These reasons could be (1) “idiosyncratic” (for example, the plant manager cares about the environment), (2) could work outside the enforcement model over which my equation are built (for example, engineers in charge of the treatment plants were convinced by either threats of punishment (they were made responsible legally for the veracity of the information, etc., as I mention in the Chapters) or other means like simple talk about the need to keep treatment plants in correct operation and through them started to have an impact on industries’ managers), or (3) could be explained by other variables not included in my model such as if the firm export or not.

Nevertheless, this specification is not the last. I have to include SEINCO and the “Osmosis” effect.

Here are the results with SEINCO included:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust SE
	t-Statistic

	C
	-0.6694
	1.0639
	
	

	LOGPQ
	-0.2623
	0.2053
	 0.2572
	-1.0198

	LOGLABOR
	0.7880
	0.0419
	 0.1343
	5.8675

	LOGWATER
	0.0745
	0.0301
	 0.0728
	1.0234

	LOGENERGY
	0.3126
	0.0327
	 0.0876
	3.5685

	LOGFLOW
	-0.1849
	0.0214
	 0.0883
	-2.0940

	TECH
	-1.5080
	0.1751
	 0.2871
	-5.2525

	PINSPIMM
	-0.0461
	0.2650
	 0.2306
	-0.1999

	PINSPDCA
	-0.5439
	0.3010
	 0.2406
	-2.2606

	INSPIMMCUM
	0.0067
	0.0203
	 0.0155
	0.4323

	INSPDCACUM
	0.0543
	0.0205
	 0.0152
	3.5724

	INSPSEINCOCUM
	-0.0238
	0.0083
	 0.0080
	-2.9750

	FINEDIMMCUM
	-0.0380
	0.1465
	 0.1011
	-0.3759

	EADCACUM
	-0.0145
	0.0228
	 0.0190
	-0.7632

	R-squared
	0.8842
	    Mean dependent var
	4.1397

	Adjusted R-squared
	0.8805
	    S.D. dependent var
	2.0853

	S.E. of regression
	0.7208
	    Sum squared resid
	1405.4

	F-statistic
	240.16
	    Durbin-Watson stat
	2.0093

	Prob(F-statistic)
	0.0000
	
	
	


Results do not change with respect to the previous table except for the significance of the INSPSEINCOCUM variable. The Director of the Program implemented by SEINCO told me that this result is due to the fact that SEINCO conducted inspections more carefully. They returned every time they could not take a sample, they did not accepted any excuse in this sense. In other words, firms could not behave opportunistically as they did with the municipality (IMM) due to its budget constraint (they new that if they had success with the excuse it was going to be difficult to receive a new inspection in the short run). SEINCO did not have this budget constraint and returned to take the sample.

Same model without INSPIMMCUM and INSPDCACUM:

A priori the deletion of both variables does not seem a good move. A Wald test rejects the null hypothesis that both coefficients are zero.

	Wald Test: 

b(INSPIMMCUM) = b(INSPDCACUM) = 0

	Equation: BOD5

	Test Statistic
	Value  
	df    
	Probability

	F-statistic
	3.582156
	(2, 2705)  
	0.0279

	Chi-square
	7.164312
	2  
	0.0278


Nevertheless, here are the results:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Date: 03/19/04   Time: 11:26

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust SE
	t-Stat

	C
	-0.277864
	0.955481
	
	

	LOGPQ
	-0.313140
	0.204479
	0.2552
	-1.2269

	LOGLABOR
	0.786774
	0.041959
	0.1354
	5.8109

	LOGWATER
	0.074938
	0.030086
	0.0733
	1.0218

	LOGENERGY
	0.309816
	0.032741
	0.0889
	3.4848

	LOGFLOW
	-0.182788
	0.021437
	0.0884
	-2.0679

	TECH
	-1.478145
	0.174874
	0.2908
	-5.0829

	PINSPIMM
	-0.050609
	0.265083
	0.2302
	-0.2198

	PINSPDCA
	-0.241797
	0.279825
	0.2298
	-1.0522

	INSPSEINCOCUM
	-0.022765
	0.007856
	0.0074
	-3.0811

	FINEDIMMCUM
	-0.027490
	0.146643
	0.1050
	-0.2619

	EADCACUM
	-0.003313
	0.022738
	0.0182
	-0.1813

	R-squared
	0.878908
	    Mean dependent var
	4.092303

	Adjusted R-squared
	0.875151
	    S.D. dependent var
	2.041492

	S.E. of regression
	0.721341
	    Sum squared resid
	1408.540

	F-statistic
	233.9046
	    Durbin-Watson stat
	2.010777

	Prob(F-statistic)
	0.000000
	
	
	


PINSPDCA turned insignificant and its coefficient decreased 50%. The other coefficient that changed significantly was that of EADCACUM. These changes could be caused by the correlation between PINSPDCA and INSPDCACUM: 0.57, and between EADCACUM and INSPDCACUM: 0.30.

Same model with RF:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	-0.5141
	1.0647
	
	

	LOGPQ
	-0.2939
	0.2056
	 0.2567
	-1.1449

	LOGLABOR
	0.7845
	0.0418
	 0.1341
	5.8501

	LOGWATER
	0.0810
	0.0302
	 0.0712
	1.1376

	LOGENERGY
	0.3107
	0.0327
	 0.0854
	3.6382

	LOGFLOW
	-0.1836
	0.0214
	 0.0873
	3.6382

	TECH
	-1.5055
	0.1754
	 0.2876
	-5.2347

	RF
	0.2688
	0.1124
	 0.2876
	0.9346

	PINSPIMM
	-0.0854
	0.2654
	 0.2347
	-0.3639

	PINSPDCA
	-0.5594
	0.3013
	 0.2464
	-2.2703

	INSPIMMCUM
	0.0033
	0.0204
	 0.0149
	0.2215

	INSPDCACUM
	0.0545
	0.0206
	 0.0153
	3.5621

	INSPSEINCOCUM
	-0.0250
	0.0083
	 0.0080
	-3.1250

	FINEDIMMCUM
	-0.0328
	0.1465
	 0.1009
	-0.3251

	EADCACUM
	-0.0114
	0.0231
	 0.0186
	-0.6129

	R-squared
	0.8840
	    Mean dependent var
	4.1412

	Adjusted R-squared
	0.8802
	    S.D. dependent var
	2.0817

	S.E. of regression
	0.7205
	    Sum squared resid
	1403.5

	F-statistic
	236.76
	    Durbin-Watson stat
	2.0109

	Prob(F-statistic)
	0.0000
	
	
	


RF is not significant. Significance levels of the rest of the variables are not affected. Neither their coefficients. Except for PINSPIMM and INSPIMMCUM.

Same Model (BOD5 Equation) with PINSPSEINCO

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Date: 04/02/04   Time: 16:12

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust S.E.
	t-Stat

	C
	-0.6441
	1.0685
	
	

	LOGPQ
	-0.2658
	0.2059
	 0.2582
	-1.0294

	LOGLABOR
	0.7871
	0.0420
	 0.1346
	5.8477

	LOGWATER
	0.0741
	0.0301
	 0.0729
	1.0165

	LOGENERGY
	0.3130
	0.0327
	 0.0877
	3.5690

	LOGFLOW
	-0.1848
	0.0214
	 0.0883
	-2.0929

	TECH
	-1.5051
	0.1750
	 0.2870
	-5.2443

	PINSPIMM
	-0.0589
	0.2682
	 0.2284
	-0.2579

	PINSPDCA
	-0.5506
	0.3016
	 0.2409
	-2.2856

	PINSPSEINCO
	-0.0801
	0.2489
	 0.2052
	-0.3904

	INSPIMMCUM
	0.0062
	0.0203
	 0.0154
	0.4026

	INSPDCACUM
	0.0572
	0.0222
	 0.0175
	3.2686

	INSPSEINCOCUM
	-0.0190
	0.0171
	 0.0152
	-1.2500

	FINEDIMMCUM
	-0.0357
	0.1466
	 0.1015
	-0.3517

	EADCACUM
	-0.0154
	0.0230
	 0.0194
	-0.7938

	R-squared
	0.8845
	    Mean dependent var
	4.1426

	Adjusted R-squared
	0.8808
	    S.D. dependent var
	2.0880

	S.E. of regression
	0.7209
	    Sum squared resid
	1405.4

	F-statistic
	238.03
	    Durbin-Watson stat
	2.0091

	Prob(F-statistic)
	0.0000
	
	
	


The most important changes that occurred after including PINSPSEINCO in the BOD5 equation are that INSPSEINCOCUM turned insignificant. This could be explained by the correlation coefficient between PINSPSEINCO and INSPSEINCOCUM (0.91). This could be justified to drop INSPSEINCOCUM (and also INSPDCACUM? In order to be consistent I would need to drop also INSPIMMCUM, which, by the way, it is not significant.)

	
	INSPIMM
	INSPDCA
	INSPSEINCO
	PINSPIMM
	PINSPDCA
	PINSPSEINCO

	INSPIMM
	1
	0.05
	-0.02
	0.26
	0.05
	 0.03

	INSPDCA
	0.05
	1.00
	0.03
	0.04
	0.28
	 0.07

	INSPSEINCO
	-0.02
	0.03
	1
	-0.14
	-0.01
	 0.30

	PINSPIMM
	0.26
	0.04
	-0.14
	1
	0.13
	 0.22

	PINSPDCA
	0.05
	0.28
	-0.01
	0.13
	1
	 0.14

	PINSPSEINCO
	 0.03
	 0.074
	 0.30
	 0.22
	 0.14
	 1.00

	INSPIMMCUM
	0.07
	0.09
	-0.04
	0.32
	0.16
	 0.12

	INSPDCACUM
	0.04
	0.17
	0.07
	0.1
	0.57
	 0.30

	INSPSEINCOCUM
	-0.03
	-0.04
	0.36
	-0.12
	-0.06
	 0.91

	FINEDIMM
	0.01
	-0.01
	-0.01
	0.01
	0.02
	 0.01

	EADCACUM
	0.05
	0.07
	0.06
	0.1
	0.24
	-0.01


	
	INSPIMMCUM
	INSPDCACUM
	INSPSEINCOCUM
	FINEDIMM
	EADCACUM

	INSPIMM
	0.07
	0.04
	-0.03
	0.01
	0.05

	INSPDCA
	0.09
	0.17
	-0.04
	-0.01
	0.07

	INSPSEINCO
	-0.04
	0.07
	0.36
	-0.01
	0.06

	PINSPIMM
	0.32
	0.1
	-0.12
	0.01
	0.10

	PINSPDCA
	0.16
	0.57
	-0.06
	0.02
	0.24

	PINSPSEINCO
	 0.12
	 0.30
	 0.91
	 0.01
	-0.01

	INSPIMMCUM
	1
	0.16
	-0.13
	0.03
	0.18

	INSPDCACUM
	0.16
	1
	0.03
	0.05
	0.3

	INSPSEINCOCUM
	-0.13
	0.03
	1
	0
	0.05

	FINEDIMM
	0.03
	0.05
	0
	1
	0.02

	EADCACUM
	0.18
	0.3
	0.05
	0.02
	1.00



Below I run the same model without INSPSEINCOCUM:

BOD5 Equation with PINSPSEINCO but without INSPSEINCOCUM

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust S. E.
	t-Stat

	C
	-0.5940
	1.0552
	
	

	LOGPQ
	-0.2741
	0.2054
	 0.2570
	-1.0665

	LOGLABOR
	0.7848
	0.0420
	 0.1346
	5.8306

	LOGWATER
	0.0718
	0.0301
	 0.0730
	0.9836

	LOGENERGY
	0.3143
	0.0327
	 0.0885
	3.5514

	LOGFLOW
	-0.1844
	0.0214
	 0.0880
	-2.0955

	TECH
	-1.5043
	0.1743
	 0.2859
	-5.2616

	PINSPIMM
	-0.0892
	0.2665
	 0.2297
	-0.3883

	PINSPDCA
	-0.5542
	0.3010
	 0.2475
	-2.2392

	PINSPSEINCO
	-0.3189
	0.1202
	 0.1087
	-2.9338

	INSPIMMCUM
	0.0089
	0.0202
	 0.0148
	0.6014

	INSPDCACUM
	0.0643
	0.0212
	 0.0169
	3.8047

	FINEDIMMCUM
	-0.0273
	0.1462
	 0.1030
	-0.2650

	EADCACUM
	-0.0167
	0.0229
	 0.0193
	-0.8653

	R-squared
	0.8853
	    Mean dependent var
	4.1513

	Adjusted R-squared
	0.8816
	    S.D. dependent var
	2.0953

	S.E. of regression
	0.7210
	    Sum squared resid
	1406.1

	F-statistic
	242.65
	    Durbin-Watson stat
	2.0077

	Prob(F-statistic)
	0.0000
	
	
	


Effectively, after deleting INSPSEINCOCUM, PINSPSEINCO turned negatively significant. The rest of the variables remained unchanged in coefficients and significance levels.

BOD5 Equation with PINSPSEINCO (wo INSPSEINCOCUM) + DURINGPLAN

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust SE
	t-Statistic

	C
	-1.2941
	1.1399
	
	

	LOGPQ
	-0.1389
	0.2092
	 0.2743
	-0.5064

	LOGLABOR
	0.7766
	0.0419
	 0.1350
	5.7526

	LOGWATER
	0.0642
	0.0300
	 0.0732
	0.8770

	LOGENERGY
	0.3169
	0.0326
	 0.0895
	3.5408

	LOGFLOW
	-0.1871
	0.0213
	 0.0868
	-2.1555

	TECH
	-1.3997
	0.1770
	 0.2931
	-4.7755

	PINSPIMM
	-0.0281
	0.2667
	 0.2323
	-0.1210

	PINSPDCA
	-0.6418
	0.3010
	 0.2467
	-2.6015

	PINSPSEINCO
	-0.1165
	0.1380
	 0.1266
	-0.9202

	INSPIMMCUM
	0.0011
	0.0204
	 0.0150
	0.0733

	INSPDCACUM
	0.0468
	0.0214
	 0.0168
	2.7857

	FINEDIMMCUM
	0.0301
	0.1456
	 0.1029
	0.2925

	EADCACUM
	-0.0191
	0.0229
	 0.0195
	-0.9795

	DURINGPLAN
	0.1470
	0.0469
	 0.0519
	2.8324

	R-squared
	0.8837
	    Mean dependent var
	4.1875

	Adjusted R-squared
	0.8800
	    S.D. dependent var
	2.0794

	S.E. of regression
	0.7204
	    Sum squared resid
	1403.2

	F-statistic
	236.22
	    Durbin-Watson stat
	2.0032

	Prob(F-statistic)
	0.0000
	
	
	


The most important change with respect to the previous specification is that PINSPSEINCO turned insignificant. To interpret this result it is important to notice that the period DURINGPLAN was 1997:07 – 1999:12, while the SEINCO period was 1999:04 – 2001:09. That is, the appearance of SEINCO coincided with the last months of the Plan.  

This is saying that all the apparent effectiveness of SEINCO in the last equation was not true. It was the consequence only having started near the end of the Plan.

This result also shows that plants apparently increased the level of reported pollution during the Plan or, assuming reported pollution is equal to actual pollution, the Plan was effective as a way to decrease the concentration of pollution in industrial effluents.

This assertion is tested by a difference of means test for BOD5ORIG during and after the Plan. The test clearly suggest to reject the null of equal means:

	Test for Equality of Means of Monthly BOD5ORIGMEAN

	Categorized by values of DURINGPLANMEAN

	Date: 04/03/04   Time: 18:28

	Sample: 1997:07 2001:10

	Included observations: 52

	Method
	df
	Value
	Probability

	t-test
	50
	5.930758
	0.0000

	Anova F-statistic
	(1, 50)
	35.17389
	0.0000

	
	
	
	
	

	Analysis of Variance

	Source of Variation
	df
	Sum of Sq.
	Mean Sq.

	Between
	1
	1734279.
	1734279.

	Within
	50
	2465293.
	49305.86

	Total
	51
	4199572.
	82344.55

	
	
	
	
	

	Category Statistics

	
	
	
	
	Std. Err.

	DURINGPLANMEAN
	Count
	Mean
	Std. Dev.
	of Mean

	0
	22
	796.8637
	139.1715
	29.67146

	1
	30
	1166.512
	266.4292
	48.64309

	All
	52
	1010.123
	286.9574
	39.79383


It is left to know if this difference is due changes in the reporting strategies or actual levels of BOD5.

As measured by the difference of mean levels of BOD5 sampled by the IMM during and after the Plan, the observed decrease in BOD5 is due to a decrease in real levels of pollutant concentrations. Effectively, the same test for BOD5IMM suggests rejecting the null of equal mean during and after the Plan, although the P value is larger. This could be suggesting that in fact both things happened: actual levels of BOD5 decreased but reported levels decreased more.

	Test for Equality of Means of BOD5IMMMEAN

	Categorized by values of DURINGPLANMEAN

	Date: 04/03/04   Time: 18:43

	Sample: 1997:07 2001:10

	Included observations: 43

	Excluded observations: 9

	Method
	df
	Value
	Probability

	t-test
	41
	2.336781
	0.0244

	Anova F-statistic
	(1, 41)
	5.460547
	0.0244

	
	
	
	
	

	Analysis of Variance

	Source of Variation
	df
	Sum of Sq.
	Mean Sq.

	Between
	1
	8280116.
	8280116.

	Within
	41
	62170474
	1516353.

	Total
	42
	70450590
	1677395.

	
	
	
	
	

	Category Statistics

	
	
	
	
	Std. Err.

	DURINGPLANMEAN
	Count
	Mean
	Std. Dev.
	of Mean

	0
	20
	693.6643
	424.8890
	95.00807

	1
	23
	1573.443
	1634.019
	340.7165

	All
	43
	1164.244
	1295.143
	197.5074


I repeated the same test for DCA and SEINCO:

	Test for Equality of Means of BOD5DCAMEAN

	Categorized by values of DURINGPLANMEAN

	Date: 04/03/04   Time: 18:50

	Sample(adjusted): 1997:07 2001:08

	Included observations: 31

	Excluded observations: 19 after adjusting endpoints

	Method
	df
	Value
	Probability

	t-test
	29
	1.107629
	0.2771

	Anova F-statistic
	(1, 29)
	1.226841
	0.2771

	
	
	
	
	

	Analysis of Variance

	Source of Variation
	df
	Sum of Sq.
	Mean Sq.

	Between
	1
	2248150.
	2248150.

	Within
	29
	53141629
	1832470.

	Total
	30
	55389779
	1846326.

	
	
	
	
	

	Category Statistics

	
	
	
	
	Std. Err.

	DURINGPLANMEAN
	Count
	Mean
	Std. Dev.
	of Mean

	0
	10
	805.9702
	788.5270
	249.3541

	1
	21
	1382.052
	1541.844
	336.4579

	All
	31
	1196.219
	1358.796
	244.0469


The null cannot be rejected using DCA samples, although the number of observations in this case is 115, as compared to 334 in the case of the IMM and 2896 for BOD5ORIG.  

The null cannot be rejected either using the 663 SEINCO samples. Though, it must be said that SEINCO inspected 71 plants, not 74, and that it inspected during only 9 months during the Plan.

	Test for Equality of Means of BOD5SEINCOMEAN

	Categorized by values of DURINGPLANMEAN

	Date: 04/03/04   Time: 18:53

	Sample(adjusted): 1999:04 2001:09

	Included observations: 28

	Excluded observations: 2 after adjusting endpoints

	Method
	df
	Value
	Probability

	t-test
	26
	1.160009
	0.2566

	Anova F-statistic
	(1, 26)
	1.345620
	0.2566

	
	
	
	
	

	Analysis of Variance

	Source of Variation
	df
	Sum of Sq.
	Mean Sq.

	Between
	1
	2254270.
	2254270.

	Within
	26
	43556892
	1675265.

	Total
	27
	45811162
	1696710.

	
	
	
	
	

	Category Statistics

	
	
	
	
	Std. Err.

	DURINGPLANMEAN
	Count
	Mean
	Std. Dev.
	of Mean

	0
	19
	1696.641
	1554.108
	356.5368

	1
	9
	1089.089
	101.4639
	33.82130

	All
	28
	1501.357
	1302.578
	246.1641


What I can do next is to calculate the mean difference between BOD5ORIG and BOD5IMM to test whether this difference is statistically different from zero.

The test suggests do not rejecting the null of equal mean, suggesting the absence of underreporting. 

I reach the same conclusion with the DCA samples.

The last regression concerns the interaction effect between PINSPIMM, PNSPDCA, PINSPSEINCO and DURINGPLAN.

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	Robust SE
	t-Statistic

	C
	-1.5054
	1.1254
	
	

	LOGPQ
	-0.1245
	0.2092
	 0.2731
	-0.4559

	LOGLABOR
	0.7820
	0.0419
	 0.1342
	5.8271

	LOGWATER
	0.0731
	0.0300
	 0.0715
	1.0224

	LOGENERGY
	0.3103
	0.0326
	 0.0882
	3.5181

	LOGFLOW
	-0.1866
	0.0213
	 0.0859
	-2.1723

	TECH
	-1.4352
	0.1774
	 0.2879
	-4.9851

	PINSPIMM
	3.0465
	1.0030
	 0.6991
	4.3577

	PINSPDCA
	-0.9010
	1.0257
	 0.7535
	-1.1958

	PINSPSEINCO
	-0.3247
	0.1761
	 0.1509
	-2.1518

	INSPIMMCUM
	-0.0251
	0.0226
	 0.0148
	-1.6959

	INSPDCACUM
	0.0395
	0.0217
	 0.0163
	2.4233

	FINEDIMMCUM
	-0.1830
	0.1551
	 0.1124
	-1.6281

	EADCACUM
	-0.0103
	0.0230
	 0.0193
	-0.5337

	DURINGPLAN
	0.3610
	0.1093
	 0.0876
	4.1210

	DURINGPPINSPIMM
	-3.1012
	0.9872
	 0.6563
	-4.7253

	DURINGPPINSPDCA
	0.4800
	0.9976
	 0.6234
	0.7700

	DPPINSPSEINCO
	0.2953
	0.2212
	 0.1848
	1.5979

	R-squared
	0.8851
	    Mean dependent var
	4.1876

	Adjusted R-squared
	0.8812
	    S.D. dependent var
	2.0868

	S.E. of regression
	0.7192
	    Sum squared resid
	1397.0

	F-statistic
	231.09
	    Durbin-Watson stat
	2.0047

	Prob(F-statistic)
	0.0000
	
	
	


OK, the last one is this one. It concerns the same model as before but with PINSPs calculated with BOD5AV6:

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2706

	Variable
	Coefficient
	Std. Error
	
	

	C
	-0.6939
	1.0928
	
	

	LOGPQ
	-0.3052
	0.2110
	 0.2676
	-1.1405

	LOGLABOR
	0.7785
	0.0425
	 0.1362
	5.7159

	LOGWATER
	0.1093
	0.0309
	 0.0643
	1.6998

	LOGENERGY
	0.3070
	0.0335
	 0.0839
	3.6591

	LOGFLOW
	-0.1891
	0.0213
	 0.0885
	-2.1367

	TECH
	-1.5175
	0.1793
	 0.3020
	-5.0248

	PINSPIMM6
	2.2721
	1.0007
	 0.7315
	3.1061

	PINSPDCA6
	-0.8692
	1.1850
	 0.9122
	-0.9529

	INSPIMMCUM
	-0.0142
	0.0227
	 0.0142
	-1.0000

	INSPDCACUM
	0.0253
	0.0243
	 0.0180
	1.4056

	PINSPSEINCO6
	-0.3172
	0.2267
	 0.2508
	-1.2648

	FINEDIMMCUM
	0.0100
	0.1430
	 0.0991
	0.1009

	EADCACUM
	-0.0182
	0.0239
	 0.0170
	-1.0706

	DURINGPLAN
	0.2178
	0.1230
	 0.0755
	2.8848

	DURINGPPINSPIMM6
	-2.2918
	0.9897
	 0.6882
	-3.3301

	DURINGPPINSPDCA6
	0.5537
	1.1630
	 0.8279
	0.6688

	DPPINSPSEINCO6
	0.4530
	0.3051
	 0.2326
	1.9475

	R-squared
	0.892246
	    Mean dependent var
	4.169393

	Adjusted R-squared
	0.888538
	    S.D. dependent var
	2.142265

	S.E. of regression
	0.715216
	    Sum squared resid
	1337.660

	F-statistic
	240.5923
	    Durbin-Watson stat
	2.004460

	Prob(F-statistic)
	0.000000
	
	
	


BOD5 Equation with INSPMEANS instead of PINSPMEANS

Without Interaction effects

	Method: Pooled Least Squares

	Sample(adjusted): 1998:06 2001:10

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	Std. Error
	t-Statistic
	  

	C
	-1.6105
	
	
	

	LOGPQ
	-0.0952
	 0.2703
	-0.3522
	

	LOGLABOR
	0.7830
	 0.1342
	5.8346
	

	LOGWATER
	0.0612
	 0.0752
	0.8138
	

	LOGENERGY
	0.3132
	 0.0898
	3.4878
	

	LOGFLOW
	-0.1847
	 0.0875
	-2.1109
	

	TECH
	-1.4073
	 0.2923
	-4.8146
	

	INSPIMMMEAN
	-0.0880
	 0.1438
	-0.6120
	

	INSPDCAMEAN
	0.0710
	 0.2610
	0.2720
	

	INSPIMMCUM
	0.0117
	 0.0135
	0.8667
	

	INSPDCACUM
	0.0166
	 0.0126
	1.3175
	

	INSPSEINCOMEAN
	0.1126
	 0.0653
	1.7243
	

	FINEDIMMCUM
	0.0646
	 0.1139
	0.5672
	

	EADCACUM
	-0.0143
	 0.0205
	-0.6976
	

	DURINGPLAN
	0.1365
	 0.0455
	3.0000
	

	R-squared
	0.8831
	    Mean dependent var
	4.1779

	Adjusted R-squared
	0.8794
	    S.D. dependent var
	2.0747

	S.E. of regression
	0.7206
	    Sum squared resid
	1404.1

	F-statistic
	234.84
	    Durbin-Watson stat
	2.0019

	Prob(F-statistic)
	0.0000
	
	
	


BOD5 Equation with INSPMEANS instead of PINSPMEANS

With Interaction effects

	
	Coef
	R SE
	t
	

	C
	-1.5353
	
	
	

	LOGPQ
	-0.1099
	 0.2702
	-0.4067
	

	LOGLABOR
	0.7832
	 0.1345
	5.8230
	

	LOGWATER
	0.0642
	 0.0745
	0.8617
	

	LOGENERGY
	0.3123
	 0.0890
	3.5090
	

	LOGFLOW
	-0.1837
	 0.0869
	-2.1139
	

	TECH
	-1.4094
	 0.2901
	-4.8583
	

	INSPIMMMEAN
	0.3959
	 0.4116
	0.9619
	

	INSPDCAMEAN
	-0.3108
	 0.4329
	-0.7179
	

	INSPSEINCOMEAN
	0.1698
	 0.0866
	1.9607
	

	INSPIMMCUM
	0.0056
	 0.0141
	0.3972
	

	INSPDCACUM
	0.0196
	 0.0129
	1.5194
	

	FINEDIMMCUM
	0.0685
	 0.1122
	0.6105
	

	EADCACUM
	-0.0167
	 0.0199
	-0.8392
	

	DURINGPLAN
	0.1985
	 0.0792
	2.5063
	

	DPINSPIMMMEAN
	-0.5456
	 0.4165
	-1.3100
	

	DPINSPDCAMEAN
	0.5396
	 0.6266
	0.8612
	

	DPINSPSEINCOMEAN
	-0.1047
	 0.1312
	-0.7980
	

	
	
	
	
	

	R-squared
	0.8832
	    Mean dependent var
	4.1705

	Adjusted R-squared
	0.8793
	    S.D. dependent var
	2.0745

	S.E. of regression
	0.7206
	    Sum squared resid
	1402.7

	F-statistic
	226.97
	    Durbin-Watson stat
	2.0029

	Prob(F-statistic)
	0.0000
	
	
	

	
	
	
	
	


BOD5 Equation with INSPS instead of PINSPs

Without Interaction Effects

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Date: 04/10/04   Time: 13:10

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	R. Std. Error
	t-Statistic
	  

	C
	-1.3329
	
	
	

	LOGPQ
	-0.1571
	 0.2683
	-0.5855
	

	LOGLABOR
	0.7773
	 0.1345
	5.7792
	+

	LOGWATER
	0.0642
	 0.0741
	0.8664
	

	LOGENERGY
	0.3155
	 0.0893
	3.5330
	+

	LOGFLOW
	-0.1841
	 0.0864
	-2.1308
	+

	TECH
	-1.4127
	 0.2947
	-4.7937
	+

	INSPIMM
	0.0951
	 0.0457
	2.0810
	+

	INSPDCA
	-0.0181
	 0.0492
	-0.3679
	

	INSPSEINCO
	0.0098
	 0.0337
	0.2908
	

	INSPIMMCUM
	0.0142
	 0.0135
	1.0519
	

	INSPDCACUM
	0.0230
	 0.0117
	1.9658
	+

	FINEDIMMCUM
	0.0516
	 0.1127
	0.4579
	

	EADCACUM
	-0.0202
	 0.0197
	-1.0254
	

	DURINGPLAN
	0.1471
	 0.0449
	3.2762
	+

	R-squared
	0.8837
	    Mean dependent var
	4.1769

	Adjusted R-squared
	0.8800
	    S.D. dependent var
	2.0793

	S.E. of regression
	0.7203
	    Sum squared resid
	1402.9

	F-statistic
	236.24
	    Durbin-Watson stat
	2.0011

	Prob(F-statistic)
	0.0000
	
	
	


BOD5 Equation with INSPS instead of PINSPs
With Interaction effects 

	Dependent Variable: LOGBOD5

	Method: Pooled Least Squares

	Date: 04/10/04   Time: 12:47

	Sample(adjusted): 1998:06 2001:10

	Included observations: 41 after adjusting endpoints

	Number of cross-sections used: 74

	Total panel (unbalanced) observations: 2792

	Variable
	Coefficient
	R. Std. Error
	t-Statistic
	  

	C
	-1.3220
	
	
	

	LOGPQ
	-0.1576
	 0.2685
	-0.5870
	

	LOGLABOR
	0.7783
	 0.1346
	5.7823
	+

	LOGWATER
	0.0669
	 0.0731
	0.9152
	

	LOGENERGY
	0.3146
	 0.0890
	3.5348
	+

	LOGFLOW
	-0.1826
	 0.0861
	-2.1208
	+

	TECH
	-1.4247
	 0.2972
	-4.7937
	+

	INSPIMM
	0.1377
	 0.0480
	2.8688
	+

	INSPDCA
	-0.0249
	 0.1091
	-0.2282
	

	INSPSEINCO
	-0.0135
	 0.0437
	-0.3089
	

	DPINSPIMM
	-0.0873
	 0.0665
	-1.3128
	

	DPINSPDCA
	0.0090
	 0.1400
	0.0643
	

	DPINSPSEINCO
	0.0565
	 0.0601
	0.9401
	

	INSPIMMCUM
	0.0149
	 0.0141
	1.0567
	

	INSPDCACUM
	0.0216
	 0.0120
	1.8000
	

	FINEDIMMCUM
	0.0522
	 0.1107
	0.4715
	

	EADCACUM
	-0.0185
	 0.0198
	-0.9343
	

	DURINGPLAN
	0.1380
	 0.0516
	2.6744
	+

	R-squared
	0.8830
	    Mean dependent var
	4.1686

	Adjusted R-squared
	0.8791
	    S.D. dependent var
	2.0719

	S.E. of regression
	0.7204
	    Sum squared resid
	1401.9

	F-statistic
	226.47
	    Durbin-Watson stat
	2.0008

	Prob(F-statistic)
	0.0000
	
	
	


Question: how do you suggest to include the “osmosis” effect? Through INSPIMMOTHER and INSPDCAOTHER or through FINEDOIMMTHER and EADCAOTHER.
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