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VERIFYING ENERGY SAVINGS WITH MINIMAL METERED DATA 
THE HUNTER HEAT PUMP ANALYSIS 

Steven A. Parker 
Applied Physics Center 

Pacific Northwest Laboratory 
Richland, Washington 

.. ABSTRACT . .  
In November 1992, Hunter Army Air FieId (AAF) completed 

the installation of 488 air-source heat pumps - a new heat pump 
and &-handling unit for each residence. The4r-source heat 
pumps replaced older, less efficient, air-conditio&g systems,. 
fuel oil-fitcd furnaces, and fan coil units. Hunter AAF original- 
ly contracted to upgrade the old M y  housing h&g, ventilat- 
ing, and airandioning W A C )  systems with high efficiency 
air-conditioning systems and natural gas furnaces, but an 
alternative proposal and following energy studies indicated that 
heat pumps were a more lifecycle cost-effective alternative. 

Six months after the heat pumps were installed, Hunter's 
energy bills appeared to be increasing, not decreasing as expect- 
ed. In early 1994, Pacific Northwe& Laboratory' (PNL) began 
an analysis to determine if there were any energy savings 
resulting from the heat pump installaeion as predicted by previous 
energy studies. The problem is that the HVAC systems are not 
specifically submetered to support verifying the resulting energy 
savings and, as is the case with most federal facilities, even the 
homes are not individually metered. Savings verZcation needed 
to be accomplished with the existing and available metered data. 
This data consisted primarily of monthly 'electric submeter 
readings from the two housing subdivision meters, historical fuel 
oil delivery records for family housing, and monthly basewide 
electric bills. The objective of the study is to verify the change 
in energy consumption in famiry housing and, to the extent 
possible, identify how much of the change in consumption is 
attributable to the new HVAC system and how much is probably 
attributable to other factors, such as the weather. 

'PNL ir operated by Bnttcllc Memorial Institute for the U.S. Department 
of Energy under Contract DE-AC06-76RLO 1830. 
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The results of the verification analysis indicate that the energy 
&sumption by Hunter AAF family housing was reduced by 
24% during 1993 with the installation of the heat pumps. An 
invedgation of the heat pump installation also indicates a 
potential for additional energy savings. Most important, the 
analysis identifies the reasons for, and Gctors involved in, the 
noted increase in the utility bills. This paper descnies the 
verification process used to perform the analysis and the analysis 
results. 

NOMENCLATURE 
CDD coolingdegreeday . 

df degrees of freedom 
"C , degree.centigrade (Celsius) 
OF degree fahrenheit 
Ey fiscalyear 
gal gallon (US. liquid) 
HDD heatingdegreeday . 
K kelvin 
kwh kilowatt-hour 
kVAR kilovolt ampere reactive 

MBtu million british thermal units 
mo month 
Rz coefficient of multiple determination 
TI terajoules . 
Yr Y- 

d k Y  

, 1  liter 

BACKGROUND 
Hunter AAF, located outside Savannah, Georgia, has two 

major family housing subdivisions. Each residence was served 
by a central W A C  system consisting of a fuel oil  furnace and 
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electric directexpansion air conditioner. The fuel oil furnaces 
were old and scheduled to be r e p l a d .  Hunter AAF orighaUy 
contracted to have the fuel oil furnaces replaced with natural gas 
furnacls. However, an alternative proposal was submitted to 
install air-source heat pumps to provide space conditioning in 
family housing. An engineering and economic analysis was 
performed that indicated air-source heat pumps are a more life 
cycle cost-effective alternative for Hunter AAF. After careful 
consideration, the change was approved. The instabtion of the 
heat pumps and new central air-handling units began in August 
1992 and was completed in November 1992. 

Six months after the heatpumps wminstalled, Hunter AAF% 
energy bills appeared to be increasing, not decreasing as expect- 
ed. The U.S. Army Forces Command (FORSCOM) tasked PNL 
to conduct a postconstruction evaluation of the air-source heat 
pumps. Thescopeofthe hcatpump analysisatHunterAAFwas 
to 1) determine the change in energy consumption &uIting from 
the heat pump installation, 2) verify whether or not energy costs 
increased at Hunter AAF, and, if so, 3) perform a utility cost 
analysis to identi@ the causes for the cost increase (Parker 
1994). 

ANALYSIS .. 
The first task involves determinin g an energy cbnsumption 

baseline for the family housing area at Hunter 'AAF. This 
involves severaI factori: 1) reviewing the metered energy 
ansumption da& for family housing, including electricity and 
fuel oil, 2) co&&g local climato~ogi~al data to the envy 
consumption data, 3) identifying, and correlating if necessaiy, 
any environmental, mission, or occupancy type variables that 
could impact the analysis. Once thkj information is assimilated,. 
an energy baseline can be developed for family housing. 

A single electric utility meter, read by Savannah Electric and 
Power Company, monitors electricity consumption and peak 
demand at Hunter AAP. In addition, Hunter AAF has a few 
electric submeters that monitor electricity consumption but not 
demand. The commissioned officer and noncommissioned 
officer (NCO) family housing area are each monitored by 
separate submeten. The electric submeters are manualry read 
sometime around the middle of each month. Electricity con- 
sumption records indicate the meter reading and the date the 
meter was read. Because the meter readings are dated, electrici- 
ty consumption can be synchronized with local weather data. 

Fuel oil in family housing was consumed only by the previous 
furnace heating systems. While this makes fuel oil consumption 
distinctly relative to weather data, fuel oh delivery does not 
correlate well with fuel oil consumption. Fuel oil records are 
much more complicated to analyze than electric records. Several 
fuel oil tanks were located throughout the two main housing 
subdivisions before they were removed as part of the heat pump 
installation. These tanks were refueled on an irregular basis and 
recorded in log books: Because of the,number of fuel oil tanks, 
not all tanks were refueled each month. The tanks were refueled 
between two to five times each year. Although the monthly fuel 
oil records break down deliveries into major divisions at Hunter 
AAF (one division being total family housing), they do not 
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indicate which tanks were refueled or what day they were 
refueled. This level of detail requires reconciling individual fuel 
oil tank log books. Therefore, it is difficult to relate fuel 
consumption to local weather data. This analysis relata fuel oil 
delivery to heating degree-days on a gross annualized basis. 

ELECTRIC METHODOLOGY 
Verification with limited data is d i c u l t ,  .and accuracy is 

always an issue. One methodology that can be used is linear 
regmsion. Link regression seeks to fit a line through a data 
set using a linear function of one o r  more independent variables. 
The least-squares techniquesolves for the functional relationship 
that minimizes the sum of the squared deviations of data points 
from the regression function. For this analysis, the regression 
analysis tool found in Microsoft Excel version 4.0 was used 
(Micrbsoft 1992): 

An advantage of the least-squares model is that it is not 
essential to produce before and after models. A before model 
that p@cts energy consumption can be used to compare against 
actual consumption. The difsculty is developing a good, or at 
least adequate, model and applying appropriate independent 
variables. Three different methodologies are considered in 
analyzing the heat pumps at Hunter AAP - monthly, average 
daily, and floating-annual models. Each of these models. has 
advantages and limitations. The following descnies these 
methodologies as applied to the electric metering data and their 
results. 

mmw MODEL 
The monthly model is really a billing period model, because 

the billing period typically occurs monthly. The majorvariables, 
once identified, are accrued to coincide with the billing period. 
Energy consumption for family housing at Hunter AAF is 
expected to vary based on 1) the number of days in the billing 
(consumption) period, 2) local climatological (weather) dah, 3) 
occupancy factors, and 4) other environmental or mission-related 
variables. 

Communications with personnel at Hunter AAF identified no 
notable changes in housing occupancy rates or other environmen- 
tal or mission-related variables during the past three years that 
were expected to account for a significant variation in energy 
consumption in the family housing area. Therefore, the baseline 
analysis was limited to the first two major variables - consump 
tion period and weather data. 

Weather is the most obvious variable in this analysis and 
usually the most significant. Local Climatological Data Monthly 
Summary reports, which include daily temperature observations, 
were obtained from the National Climatic Data Center for 
Savannah, Georgia for January 1991 through January 1994, 
inclusive (U.S. Department of Commerce 1991-1994). Weather 
data, in the form of cooling and heating degreedays (base 65'F 
[18.3"C]), were synchronizedwith monthly metering periods to 
correlate with electricity consumption. 

It is very important to synchronize weather data to a billing 
period. Degreedays can vary significantly on a day-today 
basis. If the period of energy consumption does not match the 

. 
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.FIGURE 1 CORRELATION OF ENERGY CONSUMP- 
TION AND WEATHER DATA BY BILLING PERIOD 

period over which degreeday weather data is accrued, then the 
regression model will not be accurate and will lead to a poor 
model. 

Another important consideration is the base tempmture used 
to calculate degreedays: A 65°F (18.3OC) base temperature is 
typically used but may not always be accurate. The hplication 
is that cooling is usually required on days when the averags 
temperature is above the base temperature and heating is usually 
requircd on days when the averagettmpcratureis below the base 
temperature. Although a 65OF (18.3OC) base temperature is 
commonly used for residential applications, another base 
temperature may provide a better curve fit. As iUuStrated in 
Figure 1, cooling degteedays (base 6 5 O F  [18.3OC.I) appear to 
have a high correlation to monthly electricity consumption, there 

A multivariate linear regression analysis was performed on the 
monthly metcring and weather data for each housing subdivision, 
and the results totaled. The net monthly regression model is 
illustrated in Figure 2. As shown, the regression is a reasonable 
fit but has a wide confidence interval and variation. This 
variance is partly because of the limited number of data points 
and the natural variation but may also be an indication of the 
existence of other (unaccounted for) variables. 

As illustrated in Figure 2, electricity consumption hicreases 
during the heating season because electricity is now being used 
for heating instead of fuel oil. Figure 2 also illustrates a 
reduction in electricity consumption during the cooling season as 
a result of the increase in cooling efficiency. The decreaie in 
consumption during the cooling season, however, is not as 
apparent as the increase during the heating season relative to the 
confidence interval. 

* 

fore, are used in this analysis., 

%e average temperatun is defined as the midpoint between the daily 
high and low temperature observation. 
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TABLE 1 MONTHLY REGRESSION ANALYSIS FOR 
1993 

Billing 
Month 
Ian 
Feb 
Mar 
APr 
May 
Jun 
Jul 
A w  
SeP 

Dec 

Oct 
Nov 

Total 
Total 
Total 
- 

Actual Regression Difference 
Period (kWh) ckwh) Ikwh) 

Off-peak 892,800 504,829 387,971 
Off-peak 950,400 456,338 494,062 

Off-peak 816,000 574,938 241,062 
Off-peak 364,800 527,879 (163,079) 
OnZPeak 595,200 933,245 (338,045) 
On-Peak 643,200 963,849 (320,649) 
On-Peak 460,800 918,312 (457,512) 
On-Peak 739,200 968,449 (229,249) 
Off-peak 864,000 880,394 (16,394) 
Off-peak 643,200 631,759 11,441 
0ff:Peak 748.800 402.352 346.448 
On-Peak 2,438,400 3,783,855 (1,345,455) 

Both 8,438,400 8,171,474 . 266,926 

Off-peak 720,000 409,130 310,870 

Off-peak 6,000.000 4.387.619 1.612.381 

. Because the variition and confidence interval is Luge during . 
the summer, the analysis might be improved. Two assumptions 
were made in the analysis: the base temperature for degreedays 
is 65°F (18.3OC), and the meter reading date begins the data set 
period (e.g., assumemeterread at midnight). Degree-days could 
have been calculated using a base temperature other than 65°F 
(18.3OC) and the regression analysis recalculated in an attempt 
to improve the regression fit. Also, the degreedays accrued on 
the day the meter was read could have been allocated diferently. 
The impact of this change can be especially significant during 
transitional months (spring and f a  when degreedays for a 
single day can sometimes exceed 15% of the monthly total. 

The data illustrated in Figure 2 for 'calendar year 1993 are 
identified in Table 1 and indicate that electricity consumption 
increased during the off-peak electric period (October through 
May) and decreased during the on-peak. electric period (June 
through Sqtember) for a net increase in electricity consumption 
of 266,926 kwhlyr. Using the Savaqnah Electric and Power 
Company incremental electricity rates for 1993, this equates to 
an increase of $7,490 in the 1993 electricity cost. 

The monthly model is frequently used because it corresponds 
to the billing period. Unfortunately, the model is susceptible to 
significant variation. This is indicated by the low coefficients of 
muItipIe determination (R? determined in the regression analyses 
shown in'Table 2 located in the Appendix. The R2 value is a 
measure of the amount of reduction in the variability of the 
dependent variable (electricity consumption) obtained by using 
the regressor variables (independent variables; e.g., weather) 
(Hines and Montgomery 1980,. p.410). The R2 value is often 
used to judge the adequacy of a regression model, but this type 
of judgement should be done with caution (Hines and Mont- 
gomery 1980, p.380). 
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FIGURE 2 MONTHLY REGRESSION MODEL 

AVERAGE DAILY MODEL 
The monthly model is natural and, because it corresponds 

with recognizable billing periods, is frequently used. Unfortu- 
nately, the model is susceptible to significant variation. One of 
the influential variables is the number of days in the billing 
period. In this case, the billing period varied between 23 and 35 
days. The average daily model is an attempt to remove this 
variable by dividing the monthly energy consumption by the 
number of days in tlie billing period, thus nominalizing the data. 
Visually, this process smooths out the energy consumption such 
that the average daily energy consumption for each billing period 
appears to vary more directly with the weather data (cooling 
degreedays). 

However, this process is only a visual simplification. The 
process has minimal impact on the results of the linear least- 
squares regression model and therefore is not a real improvement 
over the monthly model. Overall, the average daily model has 
the same advantages and Iimitations as the monthly model. 

FLOATING WINDOW MODEL . 
Some of the problems associated with the monthly and 

average daily models are the significance of the seasonalweather 
variation and the limited analysis period. The floating window 
model seeks to remove the significance of seasonal weather 
variation by examining data on an a h a 1  basis without signifi- 
cantly reducing the number of data pint i .  A 12-month floating 
window analysis examines annual data points (12-month totals), 

with the next data point OB& by only one month. For example, 
the September 1991 data point includes the total for the window 
October 1990 through September 1991, inclusive. The next data 
point, October 1991, includes the next annual total, offset by one 
month - the window November 1990 through October 1991, 
inclusive. khis technique has a smoothing effect because each 
data point%corporaks a full ykar and all seasons. 

Weather data, in the form of annual heating and cooling 
degreedays and correspondingto the 12-month floating window, 
are illus- in Figure 3. As shown, some changes have 
occurred in the magnitude of the heating and CqoIing seasons 
since 1991. Cooling degreedays dropped notably from 1991 to 
1992 and then increased p&tidly in 1993. This pattern is 
~flected in the electricity consumption of family housing at 
Hunter AAF. A linear-repsion analysis performed on the 
floating window metered and weather data shows a ve& good fit. 
The output from the analysis is included in Table 3 located in the 
Appendix. The result of the floating-window analysis is 
illustrated in Figure 4. As shown, the regression is very smooth 
but has a wide confidence interval. This interval.is primarily 
because of the limited number of data points. 

Using the floating-window regression model, Figure 4 
illustrates a comparison of a forecast of electricity consumption 
for family housing using the previous direct-expansion air- 
conditioning systems with the actual electricity consumption in 
family housing using the heat pumps. As illustrated, electricity 
consumption increases during the fiscal year 1993 (Ey93) 
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FIGURE 3 CORRELATION OF ENERGY CONSUMP- 
TION AND WEATHER DATA BY FLOATING ANNUAL 
WINDOW. 

heating season because electricity is now being used for heating 
instead of fuel oil. 

Remembering that each bar in Figure 4 represents electricity 
consumption for a filI year, if the heat pump cooling efficiency 
remained the same as that of the previous di-expansion air- 
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4,000 
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0 

conditioning units, then electricity consumption would have 
remained above the regression model forecast line by an amount 
similar to that identified in May 1993 (approximate end of the 
heating season). However, becausethe cooling efficiency of the 
new heat pumps is higher than that of the previous direct- 
expansion air-conditioning units, a drop in electricity consump 
tion is shown through tlie summer of 1993. By the end of 1993, 
actual electricity consumption was reduced: annual electricity 
consumption using the heat pumps that provided both heating and 
cooling is actually somewhat less than (the forecast 04 electricity 
consumption using the previous W A C  units that provided 
cooling only. The identified savings, however noticeable, is 
within the confidenccintental and therefore cannot be considered 
statistically significant. 

The final resdt is a net decrease in electricity consumption of 
around 224,100 kwhlyr. Using an average 1993 monthly 
incremental energy rate ($O.M34kWh), this net decreaseequate 
to a decrease of $7,485 in the annual electricity cost for 1993. 

The result of the floating-window analysis is less suscephile 
to some errors than the monthly analysis performed earlier but 
still has some limitations. As noted earlier, the 12-month 
floatbig window regression model has a wide confidence interval 
because of the limited sample size used'in the model's develop 
ment. Therefore, like the monthly regression analysis, the 
change in .annual electricity consumption from that forecast by 
the 12-month floating window regression analysis is not statisti- 
cally significant. 

- _- . 
Energy consumption 

Energy consumption reduces because of 
increased because of improved cooling efficiency Heat pump installation 

.---.-- .- _ _  - - -  

Regression Model 

Confidence Interval .--..-- 

Lower 9 5 %  . e - - . - -  
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FIGURE 4 FLOATING WINDOW REGRESSION MODEL 
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FUEL OIL ANALYSIS 
The fuel oil records at Hunter AAF are much more compKcat- 

ed to analyze than the electric records. Although fuel oil 
consumption is strongly relative to weather data, because of the 
fuel oil delivery procedure and the issue of storage, deliveries 
are not equivalent to consumption. Therefore, a regression 
analysis for fuel oil consumption is not appropriate with this 
limited data. A simpler, yet less accurate, method was used. 
This method simply looks at fuel oil consumption per heating 
degreGday on a gross annualized basis. 

Examining fuel oil over longer periods tends to reduce the 
significance of the variance between delivery and consumption 
because of storage. A fuel oil consumption index was calculated 
on an annual weather nominalized basis. Assuming that delivery 
records over the two-year period FY91 through FY92 can be 
used to approximate consumption, average annual fuel oil 
consumption for family housing is estimated to be 37.0 gd°F.d 
(252 W d )  (heat&). 

The heat pump installation was completed in November 1992. 
Because the heating season at Hunter AAF runs from October 
through May, the heat pumps have not been used for a complete 
heating season as of the date of this analysis. When calendar 
year 1993 was used as the hrst year of heat pump operation, 
there were 1,8q20F.d (1,001 Ked) heating degree-days. There 
fore, it is estimated that fuel oil consumption would have been 
approximately 66,674 gal (252,361 l), equal to 9,334.4 million 
Btu (9.8 TJ) for 1993. Using the fuel oil cost of %0.70/gal 
($O.l85/I), this equates to a savings of 546,672 in 1993. 

DISCOVERY 
The second reason for performing this analysiwas to address 

concerns that total energy costs at Hunter AAF increased after 
the heat pumps were installed. The total electric utility bill for 
Hunter AAF in FY93 was $176,700 higher than it was in -92, 
an increase of 8.395. Total electricity consumption increased 
3.0% in FY93 over FY92. Billed demand increased 0.4%. The 
original concern was that the heat pumps were responsible. 
Because family housing accounts for only 18% of the electricity 
consumption at Hunter AAF and an increase in consumption is 
not necessarily indicated in the analysis above, additional 
investigation into the main electric billing data was warranted. 
The following is a quick overview of the investigation and the 
fmdings. 

The electric utility company charges customers for electricity, 
demand, excess reactive power.(low power factor), fuel cost 
recovery (an energy charge based on the utiiity cost of fuel), and 
a basic customer charge. The energy charge is a fivestep 
declining block schedule, meaning the unit cost of electricity 
decreases with additional consumption through five steps referred 
to as blocks. The ratchet clause specifies that the billed demand 
for the month shall be the maximum of either the actual peak 
demand for the month or 70% of the largest peak demand 
established during any. on-peak period of the immediately 
preceding 11 months. The off-peak billing season is October 
through May, inclusive, and the on-peak billing season is June 
through September, inclusive. Energy and demand charges are 

6 

FCR rate decrenes 
May 91 and Oct 91 

FCR rate increaas 20% 

LOW conrunption 
results in highar rate ! - 

E $0.040 
Y, I \ 50.035 I ~ s u o m ~ r a t e v a r i a t i a n  

Billing Month 

FIGURE 5 ELECTRIC UTIUT/ RATE ANALYSIS 

srightly higher during the on-peak billing season. 
'Over the past three years, energy rates changed slightly, 

demand and reactivepower rates remained constant; however, 
the fuel cost recovery ratc changed notably. The incremental 
energy rate at Hunw AAF is iuustrated in Figure 5. The 
incremental energy rate is defined as the cost for the last 
kilowatt-hour of electricity. As shown in Figure 5, the fuel cost 
recovery rate held constant for 14 months prior to the instalIation 
of the heat pumps, then increased by over 20%. This increase 
in the fuel cost recovery ratc coincides with the completion of 
the heat pump installation in December 1992 and was the 
primary reason that savings due to the heat pumps were not 

Figure:6 illustrates the factors involved in the cost increase 
experienced at Hunter AAF that masked the savings reabzd with 
the installation of the heat pumps. The change in the electric 
rate schedule (more specifically, the increase in the fuel cost 
recovery rate) accounted for the majority of the cost increase 
experienced at Hunter AAF. The changes in the electric rate 
schedule in October 1992 (which lowered off-peak electricity 
rates) and December 1992 (which increased the fuel cost 
recovery rate) accounted for 74% of the cost increase. The 
increase in electric energy consumption in FY93 over FY92 
accounted for 25% of the total electric utility cost increase. 
Although the heat pumps had some impact on this change in 
consumption, the change in the weather was more significant. 
Cooling degreedays for Savannah, Georgia, synchronized to the 
utility billing period, increased 9.8% in Fy93 over FY92, while 
,heating degreedays increased 3.8%. It is difficult to determine, 
with any statistical certainty, the true impact weather has on total 
electricity consumption at Hunter AAF. However, a separate 
multivariate regression model developed (similar to those 
discu.ssed earlier) using the Hunter AAF billing data from 1991 
and 1992 indicated the change in weather accounted for a 

recognized. 
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original analysis, but can also be used to indicate proper equ ip  
ment operation. Although not be presented in depth, the result 
at Hunter AAF indicated that energy consumption during the 
summer was less than originally estimated and consumption 
during the winter was gxater than originally estimated. W i e  
the reduced energy consumption during the summer meant 
increased savings, the increased energy consumption during the 
winter led to the discovery that the hemostat control system 

<'% was not operating as expected. The result was increased 
dependence on the supplemental resistance heate&. 
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consumption5ncrease of around 2.5% in FV93 over'Fy92. The 
remaining 0.5% (3.0% was the total change, 2.5% - due to 
weather) is labeled as 'other,' which includes ~ ~ s C ~ & I I ~ ~ U S  
factors including the heatpumps. The increase in billed demand 
and excess kVAR charges (which is attributable to the weather, 

around 1% of the total cost increase. 

CONCLUSION 

electricity consumption atbniutable to the heat pump inskdhtion- 
in family housing at Hunter m. The result Of the monthly. 
regression model indicates that annual electriciry WnSUmptiOn 
increased 3.3%, or 266,926 kwh, while the floating window 
analysis indicates that annual electricity consumption decreased 
2.6%, or 224,100 kwh, in calendar year 1993. In both meth- 
ods, however, the net annual change is well within a 95% 
confidence interval and not considered statistically significant. 
The result of the fuel oil analysis indicates that fuel oil con- 
sumption decreased an estimated 66,674 gal (252,926 l), or 
9,334.4 million Btu (9.8 TJ), for a cost reduction of 546,672 in 
1993. However because of the lack of data, a confidence 
interval cannot be identified. 
, The results of thc electric utility bill analysis indicate that the 

cost increase experienced at Hunter during 1993 is mostly 
attributable to the increase in the fuel cost recovery rate compo- 
nent charged by the utility. The weather impact, in the form of 
increased cooling and heating degree-days during 1993, is also 
responsible for a portion of the increase. 

Several items become apparent during a veecation analysis 
such as this; one is the relationship to commissioning. The 
change in electricity consumption attributable to the heat pumps 
can now be compared to estimates in the original analysis. A 
comparison can be used to check assumptions made in the 

the, heat pump installation, and normal variance) accounted for 

Overall, there was no statistically significant change in annual 

iggi-jan~ary 1994. 

7 S.A. PARKER 



APPENDIX TABLE 3 FLOATING WINDOW REGRESSION MODEL 

TABLE 2 MONTHLY REGRESSION MODEL 

fn) RcRmion analvain outuut o E m '  fsmih, houamg 
R c g m i o n  rutirtia: 
Multiplc R 78.00 % 

Adj.Raquucd 52.65% 
Slandudermr 100,638 
O b l e r V h M  19 

R.quMd. 60.84% 

AnalYlL of vuiance: 
sumof mean significance 

d f s q u a r a s q u a r e P -  F 
Rcgrrsrioa . 2 2.67E+ll 1.34E+ll 13.21 4.10304 
Rmiduat 17 l . n E + l l  l.OlE+lO 
Total 19 4.40E+ll 

rtlld.nl lower upper 
coefficimb ermr tatatistic P-vahle 95% 95% 

Intcrrcpt 0.00 nla d a  nla nla d a  . 
dlmo 7,689.64 1.128.85 6.81 1.67Eo6 5.307.96 10.07132 
CDDlmo 510.61 108.36 4.71 1.52E94 281.99 739.24 

rcgrcasion quation: officers' famiIy housing 
k W m  = (7,689.64)*(d/mo)+ (510.61)*(cDD/mo) 

&) Rcjvcaaion anal~sis outputl NCOs' family housing 
Regmion statistig: 

Raquucd 75.95 % 
Mdtiplo R 87.15% 

Adj. R q u a d  68.66% 
SlaDdud- 51,893 
ObUVIlkM 19 

AnalyrL of v u i a n e  
sumof mcLll aignifiawx 

' K s s u a r t s s q v a n F -  F 
Rcgmion 2 1.45E+ll 7.?3E+10 26.85 '7.RE-06 
Rmiduat 17 4.58E+10 269E+09 
Told 19 1.90Efll 

stand.nl lower upper 
coefficients ermr tstatistic P-value 95% 95% 

Intcrcqr 0.00 nla nla nla nla nla 
dlmo 8,046.15 58209 13.82 2.30311 6.818.05 9,274.25 
CDDlmo 385.15 55.88 6.89 1.42E-06 267.26 503.04 

regrwion equation: NCOa' famiIy houamg 
k W m o  = (8,OM.ls)*(dImo) + (385.1s)*(CDDlmo) 

IC) Net rcansaioo wuation: total f d y  hOUmg 
k W m o  = (15,735.79)*(d/mo)+ (895.76)*(CDD/mo) 

8 

Rcarrasion annhi i  outuut tocsl famih, houamq 
Regrrasion statistics: 

Rsqurrcd 98.30% 
Adj. Rsqurrcd 98.02% 
Staodud m r  69.925 
Obacrvatiopl 8 

Multiple R 99.15% 

Analyaia of l l a l i m x  
sumof mean simificance 

d f s s u a n s 2 s E L - F -  F 
. &grmion 1 1.70E+12 1.70E+12 347.18 1.54E06 

Residd 6 2.93E+10 4.89E+09 
Totd 7 1.73E+12 

standard Iowcr upper ------ coefficieah! error tstatiatic ~-v ; l~ud  95% 95% 
Intczcqt 1,086,53161 '391.483 2 7 8  2.75302 128.607 2,044,457 
CDD/yr 2.m.12 149 18.63 3.18307 2.412 3,142 

regmian quation: total family houaing 
kWyr  = (1.086.531.61) + (2.777.12)*(CDDfyr) 

S.A. PARKER 


