Division of Research December 1983
Graduate School of Business Administration
The University of Michigan

THE 1979-80 UNIVERSITY OF MICHIGAN
HEATING PLANT AND UTILITIES COST
ALLOCATION STUDY

WORKING PAPER #352

Roger L. Wright and Karen Oberg
The University of Michigan

FOR DISCUSSION PURPOSES ONLY

None of this material is to be quoted or
reproduced without the expressed permission
of the Division of Research.






Table of Contents

Text
1. Background
2. The Database
3. Description of Data
4, Modeling
5. The Allocation

Output From Program
Sample Run of Program

Listing of Allocation Program






This paper documents the allocation by the University of
Michigan of heating plant and utilities cost to organized
research and other functions for the fiscal year ending on
6-30-80. It describes in detail the procedures which the
University followed in its allocation and the rationale for
using these procedures. The University's allocation process
consists of two main steps. The first involves estimating
the utilities cost per square foot of building space and the
second involves allocating these costs according to the
percent of space which was used for organized research. A
brief description of the program which was used for thé
allocation will be given, and a copy of the program and its
output is attached.

1. Background

The total space of any building can be divided into
structural space and net (non-structural) space. Only net
space was used in the allocation process. In previous years
the University has divided the actual wutilities cost per
building by the net square feet per building to get the
average utilities cost per square foot for each
building. However, this procedure assumed that the actual
utilities cost per square foot 1is constant throughout a
building, which 1is very wunlikely. The University thought
that a more equitable allocation could be constucted . by
dividing net space into areas which incur approximately the
same amount of wutilities cost per square foot. In

particular, the University Office of Audits believed that



lab space has a higher utility cost per square foot than
non-lab space. Lab space is probably used more frequently
than non-lab space and lab space 1is wusually more heavily
equipped with appliances and special machinery than non-lab
space. Also, air turnover is necessarily higher in labs,
leading to high ventilation requirements.

To get some idea of whether they were proceeding in the
right direction, the Office of Audits conducted a short
analysis of this 1idea. In their analysis they chose nine
buildings which contain no lab space and eighteen buildings
which contain both lab and non-lab space. The buildings were
all chosen from the central campus area because it was
thought that this is most representative of the
University. An  equivalent percent of air conditioned
buildings wés chosen for each sample (five out of nine and
ten out of eighteen). The sum over the nine buildings of the
actual wutilities cost for the fiscal year ending on 6-30-79
was divided by the sum over the nine buildings of the
assignable square feet.' This gave an average cost per
square foot of assignable space in the non-lab buildings of
$1.5012. The same computations were performed on the
eighteen buildings, yielding an average cost per square foot

of assignable space of $2.8596. In order to separate out

'Assignable square feet is equal to net square feet minus
unassignable square feet. Unassignable space consists mainly .
of corridors and custodial areas and will be described more

completely below.



lab costs from the eighteen buildings, the sum over the
eighteen buildings of all the non-lab space was multiplied
by the estimated:-cost per square foot of non-lab space
($1.5012)., This was subtracted from the total utilities
cost of the eighteen buildings to get an estimate of the
total utilities cost of the 1lab space. Finally,this
difference was divided by the total 1lab space in the
eighteen buildings in order to arrive at an estimate of the
utilities cost per square foot of 1lab space. This was
$4.2397, approximately 2.8 times greater than the estimated
cost per square foot of non-lab space.

2. The Database

In order to refine the preceding classification of
space, the University decided that assignable space should
be divided into one more category, that of parking
space. The utilities for parking space consist primarilf of
lighting which is set at a lower 1level than the 1lighting
within a building, and of course there are minimal heating
costs. Unassignable space was left in a category by
itself. Unassignable space is space that isn't assigned to
any particular person's or group's use, It consists
generally of circulation, custodial and mechanical space.
These four categories: non-lab space, lab space, parking
space and unassignable space, represented subdivisions of
net building space into major groups within which actual

utilities cost per square foot was believed to be
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comparatively similar and among which actual utilities cost

- per square foot was believed to be significantly different.

The data used for the allocation came. from three
sources: the Engineering Department, the Plant Department
and the Office of Space Analysis (part of the Office of Cost
Reimbursement). The Engineering Department supplied the
gross size (in square feet) of each building. It also
supplied the following information for each of the rooms in
each building: a description, the size in net 1interior
square feet and the "type code". The "type codes" for rooms
are taken from national definitions for higher education
facilities of room types. (For example, "100" is the type
code for classroom facilities, "200" is the type code for
laboratory facilities and "300" is the type code for office
facilities.) In its allocation the University ‘grouped the
following type codes together 1into lab space: 216- Class
Laboratory, 215- Class Laboratory Service, 220- Special
Class Laboratory, 225- Special Class Laboratory Service,
250- Non Class Laboratory, 255- Non Class Laboratory
Service, 570- Animal Quarters ("A room that houses
laboratory animals maintained for the institution for
research and/or  instruction purposes"?), 575- Animal
Quarters Service and 840- Surgery. Also included 1in 1lab

space were those rooms with type code 850- Treatment ("A

?Higher Education Facilities Inventory and Classification

Manual, Appendix 6.2, p. 65.



room used for diagnostic and therapeutic treatment"?®),
which were used for radiology treatment only. The following
room types were dgrouped together wunder the category
unassignable space: 010- Custodial Area, 020- Circulation
Area, 030- Mechanical Area, 050- Inactive Area ("Rooms that
are available for assignment to an organizational wunit or
activity but are unassigned at the time of the inventory"*)
, 060- Alteration or Conversion Area ("Rooms that are
temporarily out of wuse"®), and 070- Unfinished Area ("aAll
potentially assignable areas in new buildings or additions
to existing buildings that are not completely finishedbat
the time of the inventory"¢). 740- Vehicle Storage
Facility, was the type code for parking space. Non-lab space
was defined as all assignable space which was not lab space
or parking space. A database of the information supplied by
the Engineering Department is kept by the Office of Space
Analysis.

The Plant Department supplied the actual utilities cost
for each building for the fiscal year ending on 6-30-79.

The Office of Space Analysis supplied the Anﬁual Space
Study. Following is an excerpt from the Office of Space

Analysis' description of their space study:

*1bid, p. 77.
‘Ibid, p. 81.
*Ibid, p. 81,
‘Ibid, p. 81.



The space study procedures are as follows: Annually,
each dean, director, or department head is given a
list(s) of all the rooms for which he 1is responsible
(separate lists for each building). This list (titled
Departmental Space Inventory Survey) shows: room
number, room type code, room description, and square
feet. Space is provided to report the functional wuse
and the percentage for each function if there is more
than one use. Accompanying the survey form are
instructions including definitions of functions
(instruction, organized research, departmental
administration, etc.). The size of each room is stated
in net sduare feet as determined and checked by the
University Engineering Department. The dean, director,
or department head is asked to determine and report
the current functional use of each room and to verify
or correct the room type code. When the completed
survey forms are received in the Office of Cost
Reimbursement, they are reviewed for completeness and
consistency. Questionable responses are discussed with
the wunits and resolved. The information is entered
into a data bank. Two reports are issued to the Cost
Reimbursement Office for wuse in allocating space
related costs in the indirect cost study: (1) Space
Study, Summary by Building, and (2) Space Study,
Summary of Departments. The first report shows:
building name, building number, square feet by
function and by department. The second report
summarizes square feet assigned to functions by
department.

The total number of buildings given by the Engineering
Department was 251, However,» not all of these buildings
were used‘ as data 1in the linear regression which was
implemented to estimate the utilities cost per square ‘foot
of lab, non-lab, parking, or unassignable.space. Forty-eight
buildings were excluded from the analysis, 1leaving 203
buildings. Thirfy-six of the forty-eight were leased or
rented and in these cases the utilities either weren't paid
or 1identifiable by the University. Two of the forty-eight
were under construction and two more of the forty-eight were
undergoing renovation. The remaining eight of the forty-

eight had unusual utilities requirements due to the



functions for which they were used. The eight buildings were
the Botanical Gardens, Ferry Field, the Food and Chemical
Stores, the Laundry, North Campus Computing Center, Radrick
Farms, the Seismograph Station and the Sheep Facility. Ferry
Field is a football practice field. It was excluded because
the actual building associated with Ferry Field is only a
small building at the edge of the field, yet the cost of
lighting the entire field is attributed to it.

3. Description of Data

The total utilities cost for the fiscal year ending
on 6-30-80 of the 203 buildings was $22,460,517. Excluding
structural space and unassignable space, the buildings had a
total size of 12,525,435 square feet, of which 69.8 percent
was nonlab, 13.7 percent was lab, and 16.4 percent was
parking., Organized research used 1,164,260 square feet, of
which 36.7 percent was nonlab and 63.2 percent was lab. The
amount of parking space used by federally sponsored research
was negligible.

The total wutilities cost for the 251 buildings was
$24,650,090. ‘

4. Modeling

Since the University believed that utilities cost varies
within a building according to the four basic categories of
space, the first step toward an allocation was to show that
the utilities cost of a building was directly proportional

to the amounts of 1lab, non-lab, parking and unassignable



space that are contained within that building and to
estimate the average cost factors‘for each of these space
types. Linear multiple regression analysis was performed on
the data from the 203 buildings.

The dependent variable Y was the total utilities cost of
each building. The independent variables were the square
feet of each building for each of the four types of
space. X, represented non-lab space, X, represented lab
space, X3 represented parking space and X4 represented
unassignable space. The regression coefficients represented
the average utilities cost per square foot for each type of
space.

Vi = ByXyq * BoXip * B3Rig t BgXyy gy

where the "error term" g; Was assumed to have a mean of
zero. e; represented the difference between the actual
utilities cost of a building and the utilities cost which
could have been prediéted if all the coefficients were
known., The subscript 1 denotes the ith building. In this
case g accounted for factors specific to building i which
caused building 1i's wutilities cost to be higher or lower
than the average building of the same size. These factors
included architecture, construction and insulation.

If the variance of ¢ had been assumed to be constant in
the above equation, the regression coefficients could have
been estimated using ordinary least squares
procedures. However, when scatter plots of the data were

examined heteroscedasticity was suspected. Figure 1 shows
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actual versus estimated utility prior to the correction for
heteroscedasticity. Heteroscedasticity exists when the
variance of ¢ isn't constant. There are serious problems
involved with the wvalidity of regresssion analysis if
heteroscedasticity exists and the regression equation is hot
corrected for it:

(1) predictive intervals are misleading,

(2) the estimators of the coefficients are unbiased
and consistent but are not efficient or
asymptotically efficient and

(3) since the standard errors of the estimated
coefficients are incorrect, hypothesis tests about
and confidence intervals for the coefficients are
incorrect.

One of the most common and most general ways of dealing
with heteroscedasticity 1is to assume that the standard
deviation of €ir Oy is related to another variable Z by the
equation 0; = oOZiY, where S is constant. This assumption
is useful because if the original model is divided by the
factor 2Y, the resulting transformed equation displays
homoscedasticity and can be estimated.

(v,/2,7) = B, (%, ,/2,7) + sz(xiz/ziY) + Ba(® 572, Y) +

By (X;,/2;Y) + (e;/2.7). |
The choice of Z which Dbest accounts for the

heteroscedasticity is not usually obvious. The choice for Z

which was implemented in the cost allocation was the net
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size of each building in square feet. Figure 2 shows the
data after it has been corrected for heteroscedasticity.

There are six unknown parameters in the above model; Bis
Byr B3s Byr Op and y. An iterative weighted least squares
algorithm was used in their estimation ’. The results were
as follows (the estimated standard deviations of the
estimated coefficients are in parentheses):

Y, = .65441Xi + 3‘1905X12 + .14138Xi3 + 2.5661Xi4,

1
(.15482) (.38540) (.28081) (.38454)

_ .97200
s; = 1.1462i '

where Z; denotes net square feet.

5. The Allocation

Costs of the 203 buildings used in the regression
analysis were allocated to research based on the estimated
use by research of lab, non-lab and parking space. First,
ratios of the estimated coefficients of the average cost of
lab to non-lab space, parking to non-lab space and
unassignable to non-lab space were computed. These ratios
were used as weights and non-lab space was given a weight of
one. The square feet of the four room types were summed,
each total was multiplied by its respective weight, aﬁd the

cost was allocated to each of the four room types according

'A. C. Harvey, "Estimating Regression Models With

Multiplicative Heteroscedasticity,"” Econometrica, Vol. 44,
No. 3, 1976, pp. 461-465.
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- to their fraction of the total weighted space, thus giving
‘the initial allocation (see Table 1). This was only an
initial allocation since the cost of wunassignable space
couldn't be attributed directly to any particular
use. Therefore the cost initially allocated to unassignable
space was reallocated to lab, non-lab and parking space
according to their respective fractions of assignable
space. The total allocation to lab, non-lab and parking
space finally consisted of the 1initial allocation plus a
fraction of the cost of unassignable space. To determine the
allocation to organized research, the percent of non-lab
space used for organized research as determined by the
Office of Space Analysis' Annual Space Study was multiplied
by the allocation to non-lab space, and likewise for lab and
parking space. This procedure was followed separately for
each of the 203 buildings, and then the allocated utilities
costs were summed across the 203 buildings. The allocation
to organized research of the costs of the 203 buildings was
$4,301,426., The standard error was 1.1 percent of the
allocation. The method for determining the standard error is
described in a technical paper °.

Costs of the forty-eight buildings excluded from the
regression analysis were allocated in various ways. None of

the utilities costs of the four buildings which were under

*R. L. Wright, "Measuring the Precision of Statistical Cost

Allocations," Journal of Business and Economic Statistics,

Vol. 1, No. 2, April 1983, pp. 93-100.
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construction or renovation were allocated to organized
research. Costs of the Botanical Gardens, Ferry Field, the
Food and Chemical Stores, the Laundry, Radrick Farms, the
Seismograph Station and the Sheep Facility were allocated by
multiplying the cost of each building by the percent of
space used by organized research. The cost of the North
Campus Computing Center was allocated to organized research
according to the recharge rates by which everyone ‘in the
University was charged with the services they used. To the
extent that the University could 1identify the wutilities
costs of the thirty-six buildings which they leased or
rented, thesé costs were allocated by multiplying the
identifiable cost of each building by the percent of space
used by organized research.

The total costs of the 48 buildings excluded from the
regression analysis amounted to $2,189,573. Of this,
$487,955 was allocated to organized research, bringing the

total allocation‘to $4,789,381,

14
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APPENDIX A. DIFFERENT MODELS

In the technical paper ', a different variable was used
to correct for heteroscedasticity than was used in the
actual allocation. Also, only 187 buildings were used in the
paper. The variable used to correct for heteroscedasticity
in the paper was the expected value of the total utilities
cost of each building. This was because upon further
reflection and after trying other choices for Z, it was
found that expected total utilities cost produces a better
adjustment for heteroscedasticity than does net square
feet. However, since the second choice for Z changed the
cost allocation only slightly, the net square feet model was
retained in the allocation. If the costs of the 203
buildings were allocated using the expected cost of each
building to correct for heteroscedasticity, the allocation
to organized research would increase by $158 (see Table 2).

Three of the forty-eight buildings which were excluded
from the analysis have been questioned by the federal
auditors, so an allocation was performed which was identical
in every respect to the actual allocation except for the
inclusion of the Food and Chemical Stores, the Laundry and
North Campus Computing Center. The allocation of the costs
of the buildings used in the regression analysis based on
these 206 buildings decreased the allocation to organized '
research of wutilities cost by 1.5 percent, from $4,301,426

to $4,239,184 (see Table 2).

'Ibid, p. 99.
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APPENDIX B. OUTPUT FROM PROGRAM

DEMONSTRATION OF STATISTICAL COST ALLOCATION
COST OF UTILITIES SPECIAL STUDY
THE UNIVERSITY OF MICHIGAN

PREPARED BY ROGER L. WRIGHT AND KAREN OBERG

APRIL 1, 1983 '

THIS COMPUTER RUN LISTS THE DATABASE FOR THE 203 BUILDINGS, AND
SHOWS THE MODEL WHICH WAS USED. IN THE ALLOCATION. THE OUTPUT

INCLUDES THE UTILITY COSTS ALLOCATED TO ORGANIZED RESEARCH FOR EACH
OF THE 203 BUILDINGS.
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VARIABLES USED IN THE ANALYSIS:

V01 - 1,0 (USED TO INCLUDE AN INTERCEPT)
V02 - BUILDING NUMBER

V03 - UTILITY COST
V06 - NONLAB SPACE (IN SQUARE FEET)
V07 - LAB SPACE (IN SQUARE FEET)

' V08 - PARKING SPACE (IN SQUARE FEET)
V09 - UNASSIGNABLE SPACE (IN SQUARE FEET)
V11 - NONLAB SPACE USED IN RESEARCH (SQ FT)
V12 - LAB SPACE USED IN RESEARCH (SQ FT)
V13 - PARKING SPACE USED IN RESEARCH (SQ FT)

V14 - UNASSIGNABLE SPACE USED IN RESEARCH (SQ FT)
Vid = [(V11+V12+V13)/(V06+V07+V08) ]1%V9

V15 - NET SIZE OF BUILDING (IN SQUARE FEET)

V16 - THE COST ALLOCATED TO EACH BUILDING,
(CALCULATED BY THIS PROGRAM)

V99 - CASE NUMBER

19



READ IN THE DATABASE

SAMPLE DATA BASE PARAMETERS

MAXIMUM NUMBER OF CASES: 300
ACTUAL NUMBER OF CASES: 203
MAXIMUM NUMBER OF VARIABLES: 15
ACTUAL NUMBER OF VARIABLES: 11

LABELS: 2 3 6 7 8 9 11 12 13 14 15
FORMAT FOR INPUT: (11A8)
INPUT DEVICE: 1

20



LISTING OF THE ANALYSIS DATABASE

V99 V2 V3 V6 V7 V8 V9 V15
ACTUAL  —-------- TOTAL SPACE----—-==~
UTILITY NET
CASE BLDG COSTS  NNLAB LAB PRKG UNAS SIZE

1. 5. 4100. 2867. 0. 0. 18. 2885.
2. 40. 79427, 76538. 0. 0. 26059, 102597.
3. 51. 19241, 22489. 0. 0. 6178, 28667.
4. 52. 39093. 36667. 0. 0. 11554, 48221,
5. 53. 116530. 112691. 0. 0. 37931. 150622,
6. 54. 164493. 187664. 6163. 0. 67590. 261417,
7. 55. 11436, 12283. 0. 0. 3405. 15688.
8. 57. 8855. 6810. 0. 0. 2077. 8887.
9. 59. 100924, 117010. 0. 0. 37506. 154516.
10. 60. 216934, 174042, 0. 0. 61781, 235823.
11, 61. 75801. 75850. 0. 0. 37239. 113089.
12. 62. 15894, 20167. 0. 0. 5212. 25379.
13. 63. 262817, 232758, 615. 0. 71231, 304604.
14. 64. 48891. 81408. 0. 0. 32245, 113653.
15, 65. 59718. 24001. 851. 0. 14179. 39031.
16. 66. 167295, 192995, 235. 0. 64603, 257833.
17, 82. 145957, 124819, 0. 0. 20317. 145136.
18. 100, 119771, 18184. 9653. 0 15080, 42917.

19. 101, 78353. 3205, 15198, 13694. 32097.

20. 105. 7146. 9381. 0. . 1694, 11075.
21. 108. 131467. 93785. 0. . 25701, 119486.
22, 120, 399921. 175362. 0. . 90532, 265894.
23, 125, 222477, 7044, 26679. . 18503. 52226.
24, 136. 24555, 8022, 0. . 5022. 13044.
25, 145, 188584. 75233. 4718. . 40659. 120610,
26. 146. 51205, 15458. 0. . 9336, 24794.
27. 149, 96845. 35634. 0. . 32590. 68224.
28. 150. 76981. 69018. 6679. . 36514, 112211,
29, 151, 115476, 28567. 0. . 7191. 35758.
30. 152. 167847. 95722, 6317, . 45987. 148026.
31, 154, 71270, 40521, 0. 23526. 64047.

32, 155. 17847. 6245. 2267,
33. 156. 97856. 75339. 2698.
34, 158, 384498, 37078. 97417.

6888. 15400.
47009. 125046.
59609. 194104,

35. 159. 22328. 13612, 0. 2151. 15763.
36. 162. 650393. 85747. 110427, 101613, 297787,
37. 164. 20411, 12294, 0. 6432, 18726.

e o o o . .

38. 165. 151108. 40037. 23116.
39. 166. 303915. 92636. 83850.
40, 167. 154595. 71921. 33252,
41, 168. 45376. 2133. 8103.
42, 169. 21179. 14382, 0.
43. 170, 145121, 91982. 17739,
44, 171. 143038. 2279. 20773.
45. 172. 194279. 69787. 0.
46. 175, 41635. 27870. 0.

41726. 104879,
64634, 241120.
31463. 136636.
3594, 13830,
1339, 15721,
61075. 170796.
13595, 36647.
45817. 115604.
14671, 42541,

OO0 DODODOOODODODODOOOOO
e o
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47.
48.
49,
50.
51.
52.
53.
54.
55,
56.
57.
58.
59,
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70,
71.
72,
73.
74.
75.
76.
77.
78.
79.
80.
81.
82,
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95

96,

97.
98.

100.
101,
102.
103,
104,
105,
106.

176.
177.
178.
179.
180.
181.
182,
183.
184,
185,
186.
188.
189.
190.
191.
193.
194,
195.
196.
197.
198.
200.
201.
202.
203.
204.
205.
207.
208.
210.
211,
212,
214.
215,
216.
221,
222.
224.
226.
227.
230,
234.

235.°

253.
254,
255,
257,
258.
259,
261,
269.
279.
313.
400.
402,
403,
404,
406.
407.
409.

67661,
105052.
14785.
117162,
102820.
406616.
499478,
12456.
186555.
203424,
6928.
176008.
75929.
605240.
235925,
172511,
8988.
116589.
31606.
95962,
3328.

1179729,

4577.
77825,
15048.

183885.
4022,
213092.
100699.
89597.
239906.
30974.

6777.
97146.
19956.

174523,
6064.
6063.

231338,

208669.

110548.

505024,

10665.
20700.
59368.
10783.
25370,

7029,
24860.
19242,

66.
4093.
141175,
102883.
24961,
50359.
108467.
23612,
240222,
12765.

37760.
44669.

8611..

51941,
24443,
96632.
31455,
11846.
73180.
138149,
3405.
35674.
27644.
55463.
55350.
44904.
7969,
3332.
24266.
47726.
468.
48443,
3263.
35238.
11278.
32095.
3780.
56338.
19455,
1077.
49185,
2079.
6696.
58841,
14426.
102071,
4935,
3565.
107601.
97398.
5344,
73703.
10510.
525.
0.

85.
4012,
80.
245,
5671,
522.
2269.
25964.
7354,
13827.
13048.
6990.
24030.
16179.
9097.

3

6
2
9

7

10
2
4

1
3

6

1

1
1

1

1

8

22

2548,
306.
3374.
1518.
0.

0.
5526.
0.

0.

0.

0.
4013.
3699.
2307,
0.
1741,
1398.
5262.
0.
3216.
1368.
5470.
939.
1770.
0.
2989,
0.
2002,
4988.
8019.
6563.
6619.
0.

0.
247,
3903.
0.

0.
3224,
0.
1182.
7990.
0.

0.

0.

0.
4188.

OCOOOOO
e o o o o

8915.

7019,
9357,

9870.
0.
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0.
141026.
360829.
221767,
203720.
129376.
155905.

6173.
1312,
0

0.
0.
0.
0.
0.
0
0
2
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11056.
24095.
1672.
31285.
23499,
42754,
43723,
5570.
18024,
24674,
3186.
35653,
20989.
77194,
31916.
43300,
2949,
7386.
12893.
44757,
1362,
137537,
2946,
11374,
0.
27306.
1019,
36032,
19537.
4620,
47265.
5349,
1911,
21988.
4784,
53974,
1863.
1471,
40831.
23761.
15346.
56974,
3442,
2236.
9202.
4248,
3959,
5326.
3399.
1450,
0.
742,
21737,
28408,
4005,
15142,
17696.
2611,
36379.
1717,

51364.
69070.
13657.
84744,
47942,
139386.
110704.
17416.
91204.
162823.
6591.
135340.
72332,
224964.
87266.
159945.
12316.
15980.
37159.
95699.
3198.
291450,
7148,
68382.
11278.
102390.
4799."
104372,
73980.
13716.
163013.
14047.
8607.
80829.
19457,
159948,
6798.
5036.
161656.
121159,
31872.
148667.
13952,
143787,
370031,
226100.
215879.
134782,
159549,
13294,
1834.
3011,
47701,
54677..
17832,
352089,
44043.
26641,
142428,
14846.



107.
108.
108,
110,
111,
112.
113.
114.
115,
116.
117.
118,

! 119.

120.
121,
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132,
133.
134.
135,
136.
137.
138.
139.
140,
141,
142,
143,
144,
145,

146,

147,
148.
149.
150.
151,
152.
153.
154,
155,
156.
157.
158.
159.
160.
161,
162.
163.
164.
165.
166.

414,
415,
418,
421,
424,
427.
428.
429,
430.
432,
435,
438.
439,
440,
441,
442,
443,
444,
445,
449,
450.
457,
498.
510.
515,
554,
555.
601.
700.
703.
705.
709.
710.
711,
712,
719.
720.
726.
728.
730.

731' !

732.
733.
735.
800.
807.
808.
813.

814,

815.
8160
818.

819,

825.
830.
831.
832,
834.
838.
845,

57607.
40051,
17341,
58084.
31273.
119623.
28804.
49746,
17109,
288747.
226600.
1554.
41315,
187795.
149884.
91565.
19329,
131731,
8718.
3531,
58379.
165467.
152920.
108482,
104159.
1111,
200859.
279139,
168580.
35290.
26574.
81087.
28644,
10620.
110,
126870.
2280.
446,
6221,
66.
16136.
44685,
338.
8980,
188256.
5092.
20776.
15251,
2814.

+281926.

5417.
362.
1949.
4884,
92022,
61596.
19394,
9616.
2475,
25758,

6374,
11181,
12813,

1406,
10992,
43983.

4774,
20716.
44051,
37789.
30085.

713.
24660,
57025.
12269.

26371,

21538,
22007.
10817,

6677.
51390,

143556.

140653.
91948,
93333,

668.

216496.

467120,
99340,
63666.
12284,
53443,
28708.

7512,
679.
69364.
1820,
1147,
4292,
591,
11894,
11820.
6225.
15539,
130822.
5822.
1152,
6843.
2276.
61063.
3582,
260.
1219,
2575,
5568 1.
30320.
14983.
3816.
2351,
27198,

15059.
11651.

23014,
1626.

6607.
O.

96809,
22717.

0

7089,

21436.
0.
665.
22251,

712
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30702.
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1281.
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10956.
13134,
612,
3150,
41717,
10686.
3218,
7729.
189,
60908.
277217.
42,
4495,
37636.
15139.
12984.
15587.
22901,
4690.
576.
7988.
9023.
17439,
30533,
31608.
185.
85604.

64683.
1892.
2555.

23507.
4377.
7710.

20604.
504.
318.
841.
163.

6357.

14463,

956.
6872,

27604.
714,
619.

1923,
1585.

19484.

382.

0.
337.
2476,
27338.
34413,
2241,
811,
1531,
12207.

32389.
35966.
13425,
27570.
16795,
54669.
14599,
28445,
44240,
195506.
80529.
755,
29155,
101750,
48844.
39355.
37790.
67159.
16228.
7253.
59378.
152579.
158092.
122481,
124941,
853.
302202.
467120.
164023.
65558.
18015.
76950.
33085.
15222.
679.
89968.
2324,
1465.
5133.
754.
18251,
26283.
11145,
22411,
158426.
6536.
32473.
8766.
3861.
80547.
5245,
260.
1556.
5051.
90145.
64733.
17224,
4627.
3882,
40104.



847.
850.
851.
853.
857.
858.
861.
874.
875.
886.
890.
897.
898.
899.
976.
1001.
1450.
1501,
1601.
2080.
. 2701,
302.
304.
305.
306.
307.
308.
3009.
310.
312.
314.
319,
320.
325,
326.
327,
328.

D=0 I0H W

—_—

716.
2030.
21233,
133,
2440,
20074.
11904.
2561,
2890.
10588.
37998.
8804.
22128,
2469.
1678.
682141,
2905,
60983.
661302,
112304.
251385,
112817,
41622.
16014,
1717878.
78583.
189489.
129011,
20531,
656875.
74746.
40546.
127918.
46364.
14639.
5011,
14381.

SUMMARY STATISTICS

VARIABLE MINIMUM

65.65

OO OOO

.0
.0
.0
.0
.0

260.0

2304, 0.
2996. 100.
20915, 0.
2964. 0.
4559. 0.
10535. 3477.
9608. 0.
3867. 0.
1767. 1364.
6876. 0.
20222, 4700.
5886. 0.
14436. 0.
3377. 0.
2374, 0.
252458, 54988.
1328. 1245.
39196. 0.
263194, 28354.
42827. 20810.
511112, 0.
45612, 37.
14413, 0.
1331. 2457.
304523. 61061.
39985. 987.
62204. 4676.
26942, 4994,
16405. 436.
74363. 15386.
3404, 5864.
21669. 0.
112. 0.
17528. 426,
13284. 0.
3525. 1017,
9438. 113,
N = 203
MAXIMUM
0.1718E+07
0.5111E+06
0.1104E+06
0.4330E+06
0.1588E+06
0.7209E+05
0.6844E+06

24

0. 1021, 3325,
0. 1661.  4757.

0. 5233. 26148,

0. 0. 2964,

0. 0. 4559,

0. 5600. 19612,

0. 2181, 11789,

0.  466.  4333.

0. 1306, 4437,

0. 3676. 10552,

0. 14931, 39853,

0. 5909. 11795,

0. 5207. 19643,

0. 1175, 4552,

0.  656. 3030.
256035. 120921. 684402,
0. 392,  2965.

0. 18173, 57369.
105956. 158765. 556269.
0. 76325, 139962.

0. 0. 511112,

0. 25642, 71291,

0. 5274, 19687.

0. 3001. 6789.

0. 142639, 508223.

0. 14259, 55231,

0. 45221, 112101,

0. 20995, 52931,

0. 7614, 24455,

0. 69285, 159034,

0. 8550. 17818.

0. 7473, 29142,
432963. 11003. 444078.
0. 9037. 26991,

0. 4124, 17408.

0. 2514,  7056.

0. 11219, 20770.

MEAN STD DEV
0.1106E+06  0.1872E+06
0.4310E+05  0.6856E+05
8480. 0.2065E+05
0.1012E+05  0.5092E+05
0.2016E+05  0.2675E+05
2106. 6266.

0.1080E+06

0.8186E+05



MODEL: STANDARD DEVIATION PROPORTIONAL TO NET SIZE RAISED TO
THE POWER .972

"ALLOCATED COST" INDICATES COST ALLOCATED TO ORGANIZED RESEARCH

STARTING GAMMAS
VARIABLE GAMMA ‘
15 0.972000000000
ESTIMATED MODEL FOR VARIABLE 3
ASSUMING THE INITIAL VALUES OF GAMMA
ASSUMED SECONDARY EQUATION FOR HETEROSCEDASTICITY

VARIABLE | GAMMA

.15 0.9720
SIGMA 0 = 1.146

PRIMARY EQUATION USING BLU REGRESSION

VARIABLE BETA ST ERROR T-STAT SIGNIF
6 0.6544 0.1548 4.23 0.0000
7 3.190 0.3854 8.28 0.0000
8 0.1414 0.2808 0.50 0.6152
S 2.566 0.3845 6.67 0.0000
RSQ-WLS = 0.7616 RSQ-MLE = 0.9821
F-STAT = 158.90 SIGNIF = 0.0000
CHI SQ = 816.22 SAMPLE N = 203
THE ALLOCATED COST IS 4301426.08
THE STANDARD ERROR IS 47568.81

THE ALLOCATION VALUE HAS BEEN SAVED
THIS VARIABLE HAS THE LABEL 16

25



LISTING OF THE ALLOCATION DATABASE

vas

CASE

e ® e e e e © s e+ o

—r ot — —
B W OWO IO B> WN —

15.

[ R S
O WO IO

21,
22,
23.
24,
25,
26.
27.

29.
30.
31,
32.
33.
34,

36.
37.
38.
39.
40.

42,
43.
44,
45,
46.

V2

BLDG

175.

V3 Vi1
ACTUAL  ------
UTILITY
COSTS  NNLAB
4100. 0.
79427, 0.
19241, 0.
39093. 0.
116530. 0.
164493, 0.
11436. 0.
8855. 0.
- 100924, 0.
216934. 0.
75801, 0.
15894. 0.
262817. 0.
48891. 0.
59718. 7312.
167295. 1037.
145957. 0.
119771, 12218,
78353. 3205.
7146. 0.
131467. 0.
399921. 0.
222477, 4877.
24555, 1632,
188584, 72085.
51205. 738.
96845. . 0.
76981. 90.
115476. 0.
167847. 1820.
71270. 8181.
17847, 0.
97856. 2124.
384498. 130.
22328. 0.
650393. 5122,
20411, 792.
151108. 5343.
303915, 14271,
154595, 4771.
45376. 0.
21179, 0.
145121, 2689.
143038. 1806.
194279. 1294.
41635, 213,

vi2

LAB

ecYololoNeNeNoNoNoNoNolo e N
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Vi3

PRKG

OO OO OOODOODOODOOOO

4407,
366.
0.
11540.
13694,
0.

0.

0.
17265.
1022.
39058,
446.
0.

43,
0.
820.
4750,
0.
1829,
1142,
0.
11212,
414,
8219,
14397,
6138.
802.
0.
1953,
11236.
850.
112.

Vié

ALLOC
COST

CDOOODOOODODOOODOOCOOO O
e o © o o

18973.
1032,
0.
97987,
78353.
0.

0.

0.
214559.
4995,
181685.
2448,
0.

82.
0.
2755,
14389.
0.
4929,
8527.
0.
82461.
1315,
34470,
77625,
45679.
11627.
0.
4981,
118492,
3602.
318.



47,
48,
49,
50.
51,
52,
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71,
72.
73.
74.
75.
76.
77,
78.
79.
80.
81.
82.
83.
84.
85,
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.

97.
98.
99.

100.

101,

102.

103.

104.

105.

106.

176.
177,
178.
179,
180.
181,
182.
183.
184.
185.
186.
188.
189.
190.
191.
193.
194,
195,
196.
197.
198.
200.
201,
202,
203.
204.
205.
207.
208.
210.
211,

212,

214,
215,
216,
221,
222.
224,
226.
227.
230.
234,
235.
253.
254,
255.
257,
258,
259,
261.
269.
279.
313.
400.
402,
403.
404.
406.
407.
409,

67661,
105052.
14785.
117162,
102820.
406616,
499478.
12456,
186555,
203424,
6928.
176008.
75929.
605240,
235925.
172511,
8988,
116589.
31606.
95962,
3328.

11797289,

4577,
77825,
15048.

183885.
4022,
213092,
100699.
89597.
239906.
30974,

67717.
97146.
19956.

174523.
6064,
6063.

231338.

208669.

110548.

505024.

10665.
20700.
59368.
10783.
25370,

7029,
24860.
19242,

66.
4093.
141175,
102883.
24961,
50359.
108467.
23612,
240222,
12765.

0.
0.
1298.
2222,
0.

4170.
1645.
1397.

0.

2838,
892.
7107.

7369.
1215.
2489,

4630.

9970.
719,
6668.

9085.

98.
10056.
817.
21797,
1040.
180.

14383.

3565.
618.

1227,
16826.
9370.

ONODOODOOCOO
. .

—
O O,
oSN
(0 0]

2825,

3223.
2718,
0.
5230.
0.

OO O OOODODODOOOO
-

]
o
w

o
.

5816.
17681.

44350,

27
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0

17008. 115948.

0.

0
0
2207
4712

.

3

0.

0
298749
1730
3561

0

0
23714
12126
274697
0
133270
1706
85653
0
12070
0
638482
1325
48741
0
125739
45

250
87127
75091
155733
28990
182

0

0
23396
0

6063
13454
0
87616
196993
9508

o

N
OO OO OOO
e o o o

. ¢ o

10374.
38490.
0.
27542.
80612.
0.

0.



107. 414, 57607, 563. 4386. 0. 2530, 14955,
108, 415, 40051, 2837, 317, 0. 1814, 3854.
109. 418. 17341, 0. 0. 0. 0. 0.
110, 421, 58084. 1406. 19868, 0. 2744, 50277,
111, 424, 31273. 2012, 407. 0. 801, 6322,
112, 427. 119623, 0. 0. 0. 0. 0.
113, 428. 28804. 2515, 5548. 0. 2280, 22358,
114, 429, 49746. 0. 0. 0. 0. 0.
115, 430, 17109, 8019, 0. 0. 34. 3114,
116, 432. 288747. 2307. 1924. 0. 1915, 7404,
117. 435, 226600. 15617. 22717, 0. 20130. 186413,
118. 438. 1554. 0. 0. 0 0. 0.
119, 439. 41315, 0. 0. 0. 0. 0.
120, 440, 187795. 0. 0. 0. 0. 0.
121, 441, 149884. 9030. 16961. 0. 11674, 117002,
122, 442, 91565, 0. 0. 0. 0. 0.
123, 443. 19329. 0. 0. 0. 0. 0.
124, 444, 131731, 20401, 22251, 0. 22070. 128822,
125, 445, 8718. 0. 0. 0. 0. 0.
126, 449. 3531. 0. 0. 0. 0. 0.
127. 450. 58379. 0. 0. 0. 0. 0.
128, 457. 165467, 0. 0. 0. 0. 0.
129, 498. -152920. 0. 0. 0. 0. 0.
130. 510, 108482, 0. 0. 0. 0. 0.
131. 515, 104159. 0. 0. 0. 0. 0.
132. 554, 1111, 0. 0. 0. 0. 0.
133. 555. 2008589. 0. 0. 0. 0. 0.
134, 601, 279139, 0. 0. 0. 0. 0.
135, 700. 168580. 0. 0. 0. 0. 0.
136. 703. 35290. 0. 0. 0. 0. 0.
137. 705. 26574. 0. 0. 0. 0. 0.
138. 709. 81087. 0. 0. 0. 0. 0.
139. 710. 28644. 0. 0. 0. 0. 0.
140, 711, 10620. 0. 0 0. 0. 0.
141, 712, 110. 0. 0. 0. 0. 0.
142, 719, 126870, 0. 0. 0. 0. 0.
143, 720, 2280. 0. 0 0. 0. 0.
144, 726. 446. 0. 0 0. 0. 0.
145, 728, 6221. 0. 0. 0. 0. 0.
146. 730. 66. 0. 0 0. 0. 0.
147, 731, 16136. 0. 0 0. 0. 0.
148, 732. 44685. 0. 0. 0. 0. 0.
149, 733, 338. 0. 0. 0. 0. 0.
150, 735. 8980. 0. 0. 0. 0. 0.
151, 800. 188256, 0. 0. 0. 0. 0.
152, 807. 5092. 0. 0. 0. 0. 0
153. 808. 20776. 0. 0. 0. 0. 0
154, 813, 15251, 0. 0 0. 0 0
155, 814, 2814. 0. 0 0. 0 0.
156. 815. 281926. 0. 0 0. 0 0.
157. 816. 5417, 0. 0 0. 0 0.
158. 818, 362. 0. 0 0. 0 0.
159, 819, 1949, 1219. 0 0. 337. 1949,
160. 825, 4884. 0. 0. 0. 0. 0.
161, 830. 92022. 3945, 7126, 0. 4819. 26813.
162. 831, 61596. 1120. 0 0. 1271, 2275.
163, 832, 19394, 0. 0. 0. 0. 0.
164, 834, 9616. 3146. 0. 0. 669. 7928.
165. 838, 2475. 0. 0. 0. 0. 0.
166. 845, 25758, 22266, 643, 0. 10024, 21240,
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6524. 20377,
4708. 7015,

177. 890. 37998. 6229, 466
178. 897. 8804.  4690.

167, 847. 716. 576. . 255, 179.
168. 850. 2030. 885. 100. 528. 699.
169. 851. 21233. 0. . 0. 0.
170. 853. 133. 0. . 0. 0.
171, 857. 2440. 0. . 0. 0.
172, 858. 20074. 0. . 0. 0.
173. 861, 11904. 0. . 0. 0.
174, 874. 2561. 0. . 0. 0.
175. 875. 2890. 0. . 6. 86.
176. 886. 10588. 0. . 0 0.

o
OCOWLWOOODOOOONOODODOOOOO

179, 898. 22128, 0. 0. 0.
180, 899. 2469, 0. 0. - 0.
181. 976. 1678. 0. 0. 0.
182. 1001. 682141, 0. 0. 0.
183. 1450, 2905, 664. 62 196. 1454,
184, 1501. 60983. 0 0. 0

¢ © © e e o e e o o & ® ® o o s o s @
[y ]

185. 1601. 661302, 1931, 1071.  6186.

OO0 ODODODOCOOODODODODODODOOOOODODODODODOODO0DO0DODDO0DODOO0OO0O0O0O

751
186, 2080. 112304. 4207. 4666. . 10642. 17390.
187. 2701, 251385, 0. 0. . 0. 0.
188. 302. 112817. 0. 0. . 0. 0.
189, 304. 41622. 0. 0. . 0. 0.
190. 305. 16014. 0. 0. . 0. 0.
191, 306, 1717878. 0. 0. . 0. 0.
192. 307, 78583. 0. 0. . 0. 0.
193, 308. 189489, 0. 0. . 0. 0.
194, 309. 129011, 0. 0. . 0. 0.
195. 310. 20531, 0. 0. . 0. 0.
196. 312, 656875, 0. 0. . 0. 0.
197, 314, 74746, 0. 0. . 0. 0.
198. 319, 40546. 0. 0. . 0. 0.
199. 320. 127918, 0. 0. . 0. 0.
200. 325. 46364. 0. 0. . 0. 0.
201, 326. 14639. 0. 0. . 0. 0.
202, 327. 5011, 0. 0. . 0. 0.
203. 328. 14381, 43. 0. . 51. 64.
SUMMARY STATISTICS N = 203
VARIABLE MINIMUM MAXIMUM MEAN STD DEV
3 65.65 0.1718E+07 0.1106E+06 0,1872E+06
11 0.0, 0.7209E+05 2106. 6266.
12 0.0 0.6602E+05 3623. 0.1027E+05
13 0.0 1312, 6.463 91.86
14 0.0 0.6772E+05, 2913, 7577.
16 0.0 0.6385E+06 0.2119E+05 0.6399E+05
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