Woodley Analysis from 2007

The following document is composed of excerpts from the analysis that was done for all of the Texas projects during the period from 2002-2006.  This comprehensive analysis was broken down into projects.  This document will include some information from all of the cloud seeding projects in Texas but for the most part will focus on the Southwest Texas Rainfall Enhancement Association’s results.  The executive summary in it’s entirely will be provided because it will be good for any audience and the language will be understandable.
EXECUTIVE SUMMARY

This is the Final Report from Woodley Weather Consultants (WWC) under a contract with the Texas Weather Modification Association (TWMA) and with the Sandyland Underground Water Conservation District to provide a comprehensive objective assessment of the effectiveness of cloud seeding for rain enhancement in Texas for the period 2002 through 2006. The contract work entailed an evaluation on a “floating target” basis of the projects operative in this period. The assessment made use of the comprehensive objective method of evaluation developed by Drs. Rosenfeld and Woodley (R/W) with initial funding from the State of Texas. The method has been used previously to evaluate the effectiveness of seeding in the old High Plains (HP) and Edwards Aquifer (EA) seeding projects, and the results were published in February 2004 in the Journal of Applied Meteorology (JAM). This paper appears herein as Appendix A. In addition, WWC used the R/W method to do a preliminary evaluation of all ten seeding projects existent in Texas in 2002. These two applications of the method provide the template for the statewide evaluation for the 2002 through 2006 seeding seasons. The results obtained previously for the 2002 season were integrated with those obtained during the subsequent four seasons. 


The template for the proposed analyses is provided in the peer-reviewed JAM paper.   Virtually all that was done to analyze the old seeding projects was repeated and refined for all of the Texas programs in existence in the years 2002 through 2006 using the R/W methodology that is unique to WWC. This is crucial, because the methodology has been subjected to intense scientific scrutiny. This will give the results of the assessment detailed herein strong scientific credibility. 


The R/W method for the objective evaluation of short-term, non-randomized, operational, convective cloud-seeding projects on a floating-target area basis was developed and tested in the context of the operational cloud seeding projects of Texas. The computer-based method makes use of 15-minute, NEXRAD, mosaic, radar data to define fields of circular (25-km radius) moving analysis units with lifetimes from first echo to the disappearance of all echoes within the unit boundaries. It then superimposes the track and seeding actions of the project seeder aircraft onto the unit fields to determine which were seeded (S) units and which were control (C) non-seeded analysis units. Objective criteria (quantified herein) are used to identify “control” (C) matches for each of the S units from the archive of potential C units. To minimize potential contamination by seeding no matching was allowed for any control unit if its perimeter came within 25 km of the perimeter of a seed unit during its lifetime. 

Thus, the R/W analysis methodology compensates for the absence of randomization by providing for the objective matching of the seed units with uncontaminated “control” units. It provides for the concurrent examination of all of the seeding programs both within and downwind of their targets, and it accounts for the confounding effects of “selection biases” and the diurnal convective cycle. In principle the R/W analysis methodology makes it possible to assess seeding effectiveness within various meaningful meteorological partitions such as age of the unit when first seeded, unit rain-volume rate (RVR) at the time of initial seeding, seeding effect as a function of coalescence activity and the amount of nucleant expended. 

The R/W methodology has been used previously to produce objective matches of S units with C units as described in great detail in Appendix A. The statewide evaluation of seeding effectiveness in Texas necessitated the completion of 14 tasks (listed and discussed herein). Although the centerpiece of the proposed assessment was a master run of the R/W method on the computer, it can be seen by reading the task descriptions that an enormous human effort was needed to prepare for the run and to assess its outputs. Getting the input files just right before the computer run was difficult in some instances. Since the completed analysis was much more ambitious than anything than had been attempted to date, preparing for the master computer run and evaluating its results was especially challenging.


WWC applied its methodology to the Texas seeding projects that existed in the period 2002 through 2006. The results of this evaluation are presented in this Final Report. Because the method is based on radar rainfall (R) estimation, an effort was made during the early stages of the work to check the radar-rainfall estimates against networks of rain gauges (G). The first involved comparisons of R and G seasonal rain measurements for the High Plains (HP) target in 1999 and 2000. The agreement was within 10% in both years (Woodley et al., 2001). Subsequently, seasonal G and R comparisons for the 2001 and 2002 seasons for the new gauge network of the Edwards Aquifer Authority, averaging 90 rain gauges, revealed that the radar underestimated the total rainfall relative to the gauges by 56% in 2001 and 31% in 2002. Because such discrepancies have been shown to apply equally well to both seeded and non-seeded clouds (Cunning, 1976), they do not affect the inferences of seeding effect that are based on relative S vs. NS rain-volume differences and ratios. Based on these findings, the radar estimates of rain volumes in the West Texas projects are likely close to reality. On the other hand, the radar estimates of rain volumes in the eastern and southern projects are probably low by 30% to 50% relative to gauge-based reality. Although it would have been interesting to do similar G vs. R comparisons for the 2003 through 2006 seasons, no funding was available to do so. The point to be made is that the inference of seeding effectiveness does not depend on radar accuracy as long as the radar inaccuracies apply equally well to the seed and control sample. An attempt to estimate mean unit rainfalls for the projects is described in Appendix D.

The analysis interest was in large, rain-productive cloud systems on a scale of roughly 2,000 km2, because this is the scale of convection that contributes significantly to the water budget of a region. Seeding must ultimately be shown to be effective on this and larger scales, if it is to have practical significance for Texas. 
In using the special Rosenfeld/Woodley (R/W) analysis methodology for the Texas evaluations, the following question was addressed: “Has seeding altered the clouds and their precipitation within the floating target analysis units that originate within the fixed boundaries of the Texas targets, and, if so, how strong is the statistical P-value support for the changes?” Answering this question was a major undertaking that produced positive results. 

The results are presented for all seasons (2002-2006) combined instead of for individual seasons because of the limited sample size. As it is, the working unit sample is only as large as the number of valid unit matches. Shrinking the sample matches in space and time around the position and time of seeding of each unit should make for excellent matches, provided selection biases can be avoided. Such restrictions will, however, decrease the size of the match sample. The R/W method also makes it possible to make C matches with S units without restrictions in space and time by drawing the matches from the entire unit archive. When selecting matches from the entire unit archive virtually all units can be matched many times, thereby maximizing the unit sample. The challenge is to find a “happy medium” between the two extremes. Too restrictive a match process will eliminate most of the sample whereas matches without space and time restrictions will produce a result that is biased against an effect of seeding because the unit archive is dominated by the strongest convective days from which most of the C matches will be chosen.

During the analysis of the 2002 through the 2006 seasons 3,834 seed units were identified, tracked and matched during the 12 h match period when the control matches were drawn from within and outside the seeding targets. Fewer matches were made when the matching controls were selected from smaller areas over shorter match periods. Of the initial total sample, 2471 units or 63% existed 75 min prior to their seeding. The unit total had dropped to about 50% of the initial total by 195 min or a little over 3 hours after their initial seeding. The unit total had decreased to 10% of the initial total by 555 min or a little over 9 hours. A single S unit was still being tracked at 2170 min (just over 36 hours) after its first seeding. The West Texas (WT) project produced 1040 S units or 27% of the total unit sample from the data provided to WWC from all projects.


The tabular results indicate that the Panhandle (PH), SOAR (SR), CRMWD (CR), West Texas (WT), and South Texas (ST) projects are the strongest of the 10 examined. The results for these projects from the RVR113 version of the method, which was designed to eliminate biases, are also positive except for the CR project result, which is negative, making it somewhat weaker than the other four. Overall, these projects provide very strong evidence for positive seeding effects in Texas. The Southwest (SW) and High Plains (HP) projects are also quite positive for both the RVR199 and RVR113 method iterations, although their P-value support is a little weaker than the first five projects. Typically, the sizes of the effects range between 20 and 25%, although the apparent effects for the CR and HP projects are greater. The volumetric rain increment per seeded unit ranges between 2,000 and 3,000 kilotons (up to 2,400 acre-feet). Again, the increments for the CR and HP projects are larger. The results for the Abilene (AB) and Pecos (PC) projects appear negative although they are based on a small sample and have very weak P-value support. Considering that the seedings in these projects were conducted around other “positive” projects, the negative results are difficult to understand. Further analysis is needed. Partitioning is usually helpful in this regard.


Timing is a major consideration in the conduct of a cloud seeding operation.  Thus, a major component of the analysis involved an examination of the project seeding effects as a function of the age of the unit when it was first seeded, because the results reported in JAM showed that the size and sign of a seeding effect is dependent partially on unit age at seeding. In doing the analysis it was required that the prospective control match be of the same age at the time in its history when it was matched with the seed unit. The results by unit age for the RVR199_6h_INOUT (i.e., original method, 6 h matches from within and outside the seeding targets) was used to study the effect of unit age. Other analysis permutations produced essentially the same result. The preference here is on the original method (i.e., RVR199) for matches within 6 hours of each unit seeding on the SAME DAY as the units that were selected from within and outside the seeding targets.


In this analysis a young unit was one that had existed no longer than 60 minutes at its time of first seeding while a middle-age unit had an age of 75 to 120 minutes (Remember, the temporal resolution from the archival radar data was 15 minutes.) at its first seeding. An old unit was one that had existed on radar 135 minutes or longer. In all ten projects the percentage seeding effect was greatest for the young seeded units and smallest, even negative for the AB project, for the old seeded units. This consistency suggests that seeding was operative even in the two weak projects (AB and PC) even though the overall seeding effects appeared negative with weak P-value support in both projects. The percentage seeding effects in young units exceeded 100% in 6 of the 10 projects studied even exceeding 200% in 2 (HP and SW) of these 6 projects. 


The rain increments (mean S - mean C in kilotons) for the units as a function of age are also of intense interest. As one would expect, the volumetric rain increments are greatest for the young seeded units, reaching a huge 25,000 kilotons per young unit for the old HP program. In 4 of the other 9 projects the seeding increment exceeded 10,000 kilotons (8,100 acre-feet). Even when seeding older units, however, there was still a positive payoff except for the AB and PC programs that had small negative increments. The obvious lesson here is that a project is better off seeding convective units early in their lifetimes. 

An obvious uncertainty is whether some of the seeding projects had a disproportionate number of young or old units. Of the project unit total, the percentages of young units ranged between 10 and almost 30%. The overall mean was 20%, the mean seeding effect was 139% and the mean seeded rain increment was 11,686 kilotons. The percentages of young units for the negative AB and PC projects were 12% and 22%, respectively. A few other more productive projects (i.e., WT, SW and ST) had even lower maximum young percentages. Thus, one cannot blame the weak seeding results in the AB and PC projects on the lack of young seeded units. All projects had a higher percentage of old seeded units than young seeded units. The overall mean was 50%. The percentage seeded rain increases for old units averaged 26%, producing a mean rain increment of 2,562 kilotons. Again, one is better off working with the younger units.

The unit rainfall results were partitioned further by unit rain-volume rate (RVR) at the time of initial seeding into three RVR categories (light; 0 to 350 kilotons/h, medium; 350 to 1,000 kilotons/h and heavy; > 1,000 kilotons/h) by the unit rain volume rate at the time of first seeding (RVR0). This partitioning variable is related to unit age because a young unit will usually have correspondingly light RVR0 values whereas an old unit is more likely to have a heavy unit RVR0 at the time of seeding. In most cases the percentage seeding effect is greatest in units having light precipitation at the time of initial seeding, somewhat less for units with medium RVR0 values and least for heavy RVR0 values. The obvious exceptions are the AB and PC projects that show little to negative effects of seeding. 


A major component of the assessment was the calculation of parameters such as the Index of Coalescence Activity (ICA) that was used to partition the results where the ICA = 8.6 – TCCL + 1.72(PB) and TCCL is the temperature at the convective condensation level and PB is the potential buoyancy at 500 mb for a saturated parcel raised from the convective condensation level (CCL) to 500 mb. The purpose of this analysis was to determine whether the apparent seeding effects are smaller in clouds with rampant coalescence (i.e., large negative values of the ICA) than in clouds without coalescence (i.e., positive values of the ICA). Resolving this uncertainty is crucial to understanding the results of seeding and it may affect how the projects conduct their seeding operations.


ICA calculations were made for each day of seeding for each seeding project using the 1200 GMT sounding or the 0000 GMT sounding if the seeding continued into the night hours.. This and the PB and TCCL were calculated from the relevant atmospheric sounding that is best matched spatially and temporally to the seeding events. 
The results of the ICA calculations by project indicate that the positive seeding effects are greater when the ICA > 0, especially when ICA > 5, than when the ICA < 0. These results make good physical sense. The clouds on days when ICA > 0 have little coalescence, increased quantities of supercooled water, and are slow to glaciate. Such clouds should be responsive to glaciogenic seeding intervention. The lesson to be learned here is that days with ICA values > 0 are to be preferred for cloud seeding because of the higher probability for positive seeding effects. Although positive seeding effects were noted, primarily in the South Texas project, on some days with ICA < 0, days with large negative ICA values and warm cloud bases probably should be avoided for cloud seeding. 

The time plots of the mean rain-volume rates for the S and matching C units are strongly supportive of a positive effect of seeding. Typically, the plots are nearly coincident up to and immediately after the time of initial seeding. Subsequently the S and C plots diverge with the S units peaking later and producing more rainfall than the C units. This pattern is enhanced greatly in young units that were seeded before they reached an age of 1 hour.  Such units are apparently more responsive to seeding intervention.  


Although the assessment of seeding efficacy in Texas must be a work in progress, much has been learned by the current exhaustive analysis that warrants continuation of this effort. The findings and conclusions include the following:

· The method of matching seeded units with control units, allowing for the analysis of thousands of echoes, for the objective matching of seed units with hundreds of control units, and for the elimination of pre-treatment biases in the selected parameters, works as intended. 
· The R/W methodology was used initially to evaluate seeding effects in the High Plains (HP) and Edwards Aquifer (EA) programs during the 1999, 2000 and 2001 (EA only) seasons. Objective unit control (C) matches were selected from within and outside each operational target within 12, 6, 3 and 2 h of the time on a given day that seeding of a particular unit took place in order to account for selection biases and the diurnal convective cycle. Matches were drawn also from within and outside each target using the entire archive of days on which seeding was done. The apparent effect of seeding in both programs was large (i.e., > 50%) even after accounting for selection biases and the diurnal convective cycle.

· The analysis of the Texas seeding projects existent in the period 2002 to 2006, using the original R/W method with 3 and 6 h control matches selected from within and outside the seeding targets, confirmed the early results for the HP and EA programs and greatly strengthened the case for seeding induced increases in precipitation. This was achieved despite the loss of some documentary seeding data from some projects. The evidence for rain increases on the scale of the seeded units is quite strong for the PH, SR, WT, SW, ST and HP projects. Virtually all of the evidence for seeding effects in the HP project came from the 2002 season, the year it was terminated. The evidence also indicates positive seeding effects for the NP and CR projects, both of which were terminated after the 2006 season. All of these results did not change appreciably after attempting to account for selection biases. 

· The results for the PC and AB projects are inexplicably negative, but without statistical support for the apparent rain decreases. This could be due to several problems including loss of some documentary seeding data, operational techniques, and project management, since other projects nearby that employed similar seeding materials showed positive effects of seeding.  

· The apparent precipitation increases were documented throughout Texas and showed no regional preference, despite expectations that the effects would be smaller in the east because of more intense coalescence in the clouds, resulting in early warm rain and glaciation and closure of the seeding window. Most of the positive seeding effect was, however, confined to days when the Index of Coalescence Activity (ICA) was positive (ICA > 0) or only slightly negative, suggesting minimal in-cloud coalescence activity. No increases in precipitation were noted when the ICA was highly negative (i.e., ICA < -5), indicating that clouds with intense coalescence are not suitable for glaciogenic seeding. 

· Unit age at seeding was a major predictor for positive seeding effects. Those units seeded within an hour of their appearance on radar showed a huge positive effect of seeding as contrasted with the older seeded units. This was true in virtually all projects and emphasized the importance of timing when conducting seeding operations. There was also the tendency for positive seeding effects when the rain in the unit was light at the time of its first seeding. 

· Although these results were generated using archival radar data, the results are credible despite the uncertainties associated with radar estimation of precipitation, because the analysis has focused on S and C differences and ratios and not on absolute values. As long as the radar “sees” S and C clouds similarly, the rain differences and ratios should be a valid measure of seeding efficacy. Earlier research by Cunning (1976) did not find appreciable differences in the raindrop size distributions from seeded and non seeded clouds, meaning that a radar should “see” S and C clouds similarly. 
· Although the results of all analyses were subjected to statistical testing, the resulting P-values were used only to determine the relative strength of the various findings. 


The results of this exhaustive investigation provide a stronger basis for the continuation of the Texas seeding projects than existed previously and that is our recommendation. In doing this, it is recommended further that the projects strive to be better stewards of their documentary seed data compiled in TITAN. Data lapses were a serious problem for a few projects. It is recommended further that the projects find a way to incorporate randomization of treatment into their projects. This was our recommendation to the State of Texas many years ago, and we provided a suggested means of doing so. We are pleased to learn that some projects apparently are considering this course of action. 


We have not provided all of the answers with our analyses. There is just so much that could be done in the six-month allotted time frame with the funds that were provided. There are still analyses that could be done with existing data if funding were available. For example, we would like to have seen a cleaner relationship between the ICA and seeding effects. This should be examined further. In addition, it would also have been interesting to seek a relationship between AgI dosage and seeding effect. This might be done for individual projects by examining the individual seeded units. The input seeding data are too crude in many cases for all this to be done across-the-board for all projects. It would also have been of interest to provide an estimate of the fraction of the unit rainfalls that fell outside of the project fixed targets. This was done for the initial evaluations of the HP and EA projects (see Appendix A), and could be done again for selected projects. 
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Figure 1. Results overview by project, where the left bar for each project is the frequency of SR600 (seed/control ratio at 600 min) > 1 and the right bar is the frequency of SR600 values that have P-values < 0.05.
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Figure 26. Plot (221 units) of mean S and C RVR obtained from the original method (i.e., RVR199) for 3 h matches selected from within and outside the seeding target for the Southwest (SW) seeding project
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Figure 27. Plot (40 units) of mean S and C RVR obtained for young units from the original method (i.e., RVR199) for 6 h matches selected from within and outside the seeding target for the Southwest (SW) seeding project. 

	TABLE 5

	ESTIMATED ADDITIONAL SEEDED RAINFALL

	BY PROJECT

	
	
	
	
	

	PROJECT
	Avg. Rain
	# Seed Units
	Total Rain
	Total Rain

	
	Inc./unit
	2002-2006
	Volume
	Volume

	
	(kilotons)
	
	(kilotons)
	(acre-feet)

	
	
	
	
	

	NP
	2,699
	278
	750,322
	610,018

	
	
	
	
	

	PH
	3,583
	652
	2,336,116
	1,899,281

	
	
	
	
	

	HP
	8,257
	136
	1,122,952
	912,969

	
	
	
	
	

	SR
	2,056
	328
	674,368
	548,267

	
	
	
	
	

	CR
	5,297
	104
	550,888
	447,876

	
	
	
	
	

	PC
	-374
	157
	-58,718
	-47,738

	
	
	
	
	

	WT
	1,990
	1,040
	2,069,600
	1,682,602

	
	
	
	
	

	AB
	-4,034
	94
	-379,196
	-308,289

	
	
	
	
	

	SW
	1,970
	487
	959,390
	779,992

	
	
	
	
	

	ST
	2,370
	424
	1,004,880
	816,976



The first column identifies the individual projects. The second column gives the “best” estimate of the mean amount of additional rainfall (in kilotons) that was generated for the seeded units in each project. It represents an average of the estimates obtained from the original method (RVR199) for 3 and 6 h matches drawn from within and outside the seeding target. These estimates are highly variable and they are negative for two projects (AB and PC). The rain increment is large in the old HP program relative to the others but only had one years worth of data which was included in this analysis.


The third table column provides an estimate of the total number of seeded units in the period 2002 through 2006. The largest total by far was obtained in the WT program. Based on data availability the unit total is likely low for the NP, CR, PC and AB projects. The total for the HP is probably fairly accurate since this program ended in late August 2002, the only year in the 2002-2006 period that data were acquired for this analysis..  


The fourth column gives an estimate of the total rain increment obtained by taking the product of the estimated additional rainfall per seeded unit and the total number of units. The fifth column gives the estimates converted to acre-feet, where 1 acre foot = 1.23 kilotons. In doing this it was assumed that the rain increment that was determined from 3 and 6 h matches is valid for the entire project unit sample, even though it was not possible to match some of the units in the 3 and 6 h time frame. In two of the projects (PH and WT) the total increment substantially exceeds one million acre-feet, and in two others (SW and ST) the total is near 800,000 acre-feet.  Remarkably, the total exceeds 900,000 acre-feet in the HP project, which is the product of a modest number of units and a large unit rain increment. Again, the table numbers are low for those projects that were unable to provide complete seeding records. It is difficult to know what to make out of the PC and AB negative totals that are based on a small incomplete input sample. The P-value support for the negative increments is weak, so it is best not to make too much out of the negative totals. Virtually the same seeding materials and procedures were used in these two projects as in the others that showed highly positive results. There is little reason to expect, therefore, that the precipitation losses are real and are most likely the result of an inadequate sample. 
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		Results for all projects RVR199, IN, INOUT, OUT										6RVR199

		Project		IN						INOUT						OUT

				N		SR-1		Sig.		N		SR-1		Sig.		N		SR-1		Sig.

		NP								158		23		7.03		122		8		32.83

		PH								427		27		0.07		296		20		3.7

		HP								86		49		1.83		83		21		9.87

		SR								209		17		0.3		178		11		5.43

		CR								80		47		1.37		83		42		2.57

		AB								58		-24		77.7		47		-30		81.2

		PC		7		0		48.27		103		0		8.87		88		14		56.93

		WT								750		24		0		660		20		0

		SW								267		17		10.3		214		21		9.2

		ST		80		54		0.53		287		26		1.03		255		33		1.8

		PROJECT		IN				INOUT				OUT				PROJECT		INOUT		OUT

		NP						23				8				NP		23		8

		PH						27		**		20		*		PH		27		20

		HP						49		**		21				HP		49		21

		SR						17		**		11				SR		17		11

		CR						47		**		42		**		CR		47		42

		AB						-24				-30				AB		-24		-30

		PC		0				0				14				PC		0		14

		WT						24		**		20		**		WT		24		20

		SW						17				21				SW		17		21

		ST		54		**		26		**		33		**		ST		26		33
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Sheet5

		TABLE 3

		SUMMARY OF PROJECT RESULTS BASED ON RVR199 3H AND 6H INOUT MATCHES

		PROJECTS WITH STRONGEST EVIDENCE FOR SEEDING INDUCED RAIN INCREASES

		PROJECT		% CHANGE		AVG. RAIN INCREMENT						P-VALUE SUPPORT				6RVR113 RESULTS

						KILOTONS

		PH		23 TO 27				3,583				VERY STRONG				POSITIVE

		SR		12 TO 17				2,056				VERY STRONG				POSITIVE

		CR		47 TO 61				5,297				VERY STRONG				NEGATIVE

		WT		23 TO 26				1,990				VERY STRONG				POSITIVE

		ST		26 TO 32				2,370				VERY STRONG				POSITIVE

		PROJECTS WITH WEAKER EVIDENCE FOR SEEDING INDUCED RAIN INCCREASES

		NP		22 TO 23				2,699				WEAK				POSITIVE

		HP		49 TO 61				8,257				STRONG				POSITIVE

		SW		17 TO 32				1,970				STRONG				POSITIVE

		PROJECTS WITH NO EVIDENCE FOR SEEDING INDUCED RAIN INCREASES

		PC		-18 TO 0				-874				WEAK				POSITIVE

		AB		-35 TO -24				-4,034				WEAK				NEGATIVE





Sheet4

		Results for all projects RVR199, IN, INOUT, OUT				12RVR113						12RVR113

		Project		IN						INOUT						OUT										PROJECT		IN				INOUT				OUT

				N		SR-1		Sig.		N		SR-1		Sig.		N		SR-1		Sig.

		NP								251		16		7.73		243		13		13.33						NP

		PH								631		3		12.97		614		0		23.37						PH

		HP								128		34		0.13		124		26		0.8						HP

		SR								311		2		15.57		296		-2		27.7						SR

		CR								102		-11		71.4		97		5		18.6						CR

		AB								90		-3		51		88		1		37.97						AB

		PC								145		-1		42.67		139		2		25.03						PC

		WT								996		-1		8.17		979		2		3						WT

		SW								450		11		9.6		433		13		4.3						SW

		ST								407		-12		82.07		401		-6		52.37						ST

		PROJECT		IN				INOUT				OUT						PROJECT		INOUT		OUT

		NP						16				13						NP		16		13

		PH						3				0						PH		3		0

		HP						34		**		26		**				HP		34		26

		SR						2				-2						SR		2		-2

		CR						-11				5						CR		-11		5

		AB						-3				1						AB		-3		1

		PC						-1				2						PC		-1		2

		WT						-1				2		**				WT		-1		2

		SW						11				13		*				SW		11		13

		ST						-12				-6						ST		-12		-6
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Sheet3

		Results for all projects RVR199, IN, INOUT, OUT				6RVR113						6RVR113

																												Table 2		RVR113 Sample Size

		Project								INOUT						OUT												PROJECT		IN		INOUT		OUT

				N		SR-1		Sig.		N		SR-1		Sig.		N		SR-1		Sig.										N		N		N

		NP		2		153		-0.01		60		3		45.4		47		-3		52.7								NP		2		60		47

		PH		37		14		24.87		169		17		11.6		98		14		19.27								PH		37		169		98

		HP		7		60		42.77		31		26		21.7		19		31		12.4								HP		7		31		19

		SR		18		-18		6.77		92		16		7.8		65		27		6.17								SR		18		92		65

		CR		5		30		-0.01		28		-12		48.63		19		-23		83.97								CR		5		28		19

		AB		1		11		-0.01		25		-8		34.23		10		-18		40.37								AB		1		25		10

		PC		12		20		37.97		42		6		29.6		30		43		3.2								PC		12		42		30

		WT		36		0		43.7		340		16		1.57		283		16		4.7								WT		36		340		283

		SW		20		-11		39.83		110		30		14.6		78		31		11.97								SW		20		110		78

		ST		36		21		27.03		139		39		2		104		26		22.37								ST		36		139		104

		PROJECT		IN				INOUT				OUT						PROJECT		IN		INOUT		OUT

		NP		153				3				-3						NP		153		3		-3

		PH		14				17				14						PH		14		17		14

		HP		60				26				31						HP		60		26		31

		SR		-18				16				27						SR		-18		16		27

		CR		30				-12				-23						CR		30		-12		-23

		AB		11				-8				-18						AB		11		-8		-18

		PC		20				6				43		*				PC		20		6		43

		WT		0				16		**		16		*				WT		0		16		16

		SW		-11				30				31						SW		-11		30		31

		ST		21				39		**		26						ST		21		39		26






