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ultifactor productivity in the refiigera- 
tion and heating equipment industry Ml ‘ncreased at an average annual rate of 

1.5 percent over the 1967-94 period.’ This 
industry’s output includes air conditioners, re- 
frigeration equipment and systems, electric heat 
pumps, furnaces, refrigerated display cases, soda 
fountains, beer dispensers, and snowmaking ma- 
chinery. Multifactor productivity is a measure 
used to analyze the overall economic efficiency 
of an industry. It relates the growth of the 
industry’s output to the growth rate of the com- 
bined inputs of labor, capital, and intermediate 
purchases. 

An important input for the refrigeration and 
heating equipment industry had been chlorof- 
luorocarbons (c&s), a chemical compound used 
since the 1930s. By Federal enactment, how- 
ever, CFC’S were phased out because they were 
linked to tepletion of the ozone layer in the at- 
mosphere. As a result, the industry has had to 
allocate a substantial amount of resources to the 
transition away from c&s. 
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This article examines detailed productivity, 
output, and input data in the manufacture of re- 
frigeration and heating equipment to provide 
measures of multifactor productivity growth 
over a 27-year period. Special emphasis is 
placed on the “productivity falloff” that began 
in 1973. The article also includes descriptions 
of recent production technology, new designs 
and methods of manufacturing, and market in- 

fluences that could influence industry output and 
input. 

Productivity 

Since 1984, the Bureau of Labor Statistics has 
published an index of output per employee hour, 
or labor productivity, for the refrigeration and 
heating equipment industry. (See appendix for a 
description of the methodology and data for the 
industry, designated as SIC 3585.) Labor produc- 
tivity relates output to the input of labor, while 
multifactor productivity relates output to the 
combined inputs of labor, capital, and interme- 
diate purchases (materials, purchased energy, and 
purchased services). Labor productivity does not 
measure the exact contribution of labor, but re- 
flects many influences that affect the use of la- 
bor, such as changing technology; economies of 
scale; substitution of inputs of capital and inter- 
mediate purchases for labor; managerial skills; 
and the level of experience and education of the 
work force. While the multifactor productivity 
measure reflects many of these influences, it does 
not reflect changes in capital relative to labor and 
in intermediate purchases relative to labor. 

Labor productivity in the industry increased at 
an average annual rate of 1.7 percent over the en- 
tire period studied (table l), while in total manu- 
facturing the rate was 2.7 percent (measured from 
1967 to 1993). Over the same period, multifactor 
productivity rose 1.5 percent per year in the in- 
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dustry, while in the total manufacturing sector of the economy, 
it advanced 1.1 percent per year (also from 1967 to 1993).3 
The 1.5~percent rate of growth in multifactor productivity re- 
sulted from a 3.6-percent average annual increase in output 
and a 2.1~percent average annual gain in combined inputs 
(table 2). Analyzing the 1967-94 period in more detail, we 
find that labor productivity rose rapidly, at 5.2 percent per 
year, while multifactor productivity increased 3.6 percent per 
year during 1967-73 (table 3). 

The refrigeration and heating equipment industry did not 
escape the productivity falloff that affected most manufac- 
turing industries between 1973 and 1979. Both labor produc- 
tivity and multifactor productivity growth rates fell sharply 
from the 1967-73 period to the 1973-79 period (chart 1). 
Labor productivity dropped 0.3 percent per year for the latter 
period, down from a 5.2~percent per year increase for the 
1967-73 period. Multifactor productivity growth fell from 
an annual rate of increase of 3.6 percent to a 1.9~percent rate 
for the same periods-a slowdown considerably smaller than 
the 5.5-percentage-point falloff that occurred in labor pro- 
ductivity. For the 1979-94 period, labor productivity growth 
recovered from the 0.3-percent-per-year decrease during 
1973-79 to post a 1 .l-percent average annual increase. Mul- 
tifactor productivity growth was subdued, rising just 0.6 per- 
cent each year after 1979. 

The influence of capital on output per employee hour, re- 
ferred to as the “capital effect,” is measured as the change in 
the capital-labor ratio multiplied by the share of capital costs 
in total costs of output. Analogous to the capital effect is the 
“intermediate purchases effect” which is derived by multi- 
plying change in the intermediate purchases-labor ratio by 

Labor productivity growth equals the sum of these two ef- 
fects plus multifactor productivity growth. For the entire 1%7- 
94 period, the capital effect was 0.0 percent per year, while 
the intermediate purchases effect averaged 0.1 percent a~u- 
ally. Although the capital effect and the intermediate purchases 
effect were negligible for the entire period studied, they did 
vary in the subperiods. During 1967-73, the capital effect 
contributed 0.2 percentage point to the growth rate of labor 
productivity and the intermediate purchases effect contrib- 
uted 1.3 percentage points. For the period 1973-79, the capi- 
tal effect equaled -0.1 percent on average, while the inter- 
mediate purchases effect declined 3.3 percentage points, to - 
2.0 percent per year. During the 1979-94 period, the capital 
effect decreased slightly to a -0.1 -percent average annual rate, 
while the intermediate purchases effect increased, to 0.6 per- 
cent per year. 

Technology change 

Production techniques and, hence, rates of productivity, in 
this industry have been affected by new technology from a 
product’s start to finish. With the introduction of new meth- 
ods, the industry strives to reduce wasted materials, decrease 
rejected finished parts and products, and diminish labor re- 
quirements. Computer-aided design (or CAD) assists an engi- 
neer in designing a new product by taking over repetitive tasks, 
warning of inconsistencies in measurement, and increasing 
the designer’s usable memory many times over by storing 
almost unlimited data. Computer-aided manufacture (or CAM) 

guarantees that an engineer’s specifications are carried out to 
degrees of accuracy that were impossible before the advent 

thk share of intermediate purchases in the total cost of outpu;. of microprocessor-controlled production equipment. 

MultHactor and related productivity measures in the rehigeration and heating equipment industry (SIC 35&), 
average annual rates of change, 1967-94 

[Percent] 

Period MultIfactor Output f=r 
productivny hour 

Outputt= 
untt ot 
ca$tal 

outputs 
Ullitof 

intemmd&te 
purchases 

1967-94 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7 1.4 
1967-73 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i:: 5.2 :: 3.0 
1973-79 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9 -. 3 -:3 3.5 
1979-94 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6 1.1 1.3 .O 

Output and Inputs for the refrigeration and heating equipment industry(SIC 35851, average annual rates d change, 

[Percent] 

Combined 

inputs Hours -ml 
InternwMte 

purchaser 

1967-94 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.6 2.1 1.9 2.2 
1967-73 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.5 9.6 7.9 ifi 10.2 
1973-79 .,.......................................................... -.l -2.0 .l .l -3.5 
1979-94 .__................................,........................ 1.4 .9 .4 .l 1.4 
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related measures (SIC 35851, average annual 
rates of change, 196744 

[Percent] 

1967-94 1967-73 1973-79 1979-94 

Cutput per hou; . . . . . . . . . . . . . . . . . . . . . 

Equals 
Muitttactor producttvtt ,...... 

Plus 
Capital effect: . . . . . . . . . . . . . . . . . . . . . . . 

Pius 
Intermediate purchases 
effect 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.7 5.2 -0.3 1.1 

1.5 3.6 1.9 .6 

.O .2 -.l -.l 

.l 1.3 -2.0 .6 

t Each measure presented in this table is computed independently. 
Therefore, muftifactor productivff, the capital effect, and the intermediate 
purchases effect might not sum exactly to output per hour, due to rounding. 

* The capital effect is the change in the ratio of capital to iabor, multiplied 
by the share of capital costs in the totat cost of outfxtt. 

3 The intermediate purchases effect is the change in the ratio of 
intermediate purchases to labor. multiplied by the share of intermediate 
purchases costs in the total cost of output. 

Engineering firms developing new heating and cooling 
products have embraced CAD technology. These systems al- 
low a shop to get more work, of a more complex nature, from 
fewer engineers. The systems can even be programmed by 
senior engineers to coach the less experienced, to ensure that 
all work meets design, cost, and producibility standards set 
by the firm4 Designing any new product or component usu- 
ally involves several stages, at which modifications are tested 
within the CAD environment. This is the point at which a CAD 
system saves significant labor hours and material. The “brain” 
of these systems can modify drawings and actually test the 
modifications in minutes, making it unnecessary to completely 
redraw the component, or to manufacture one version to test 
a change (an expensive and time-consuming process).5 Most 
CAD systems can scrutinize a component for noise, vibration, 
stress, buckling, and fatigue.6 

Computer-aided manufacturing (or CAM) has allowed a plant 
in Indiana to make finished motor vehicle air conditioners from 
raw castings, with almost IU) manual handling. The plant, which 
makes compressors for cars and light trucks, has 5 miles of con- 
veyors-all monitored and controlled by six microprocessors. 
Together, the conveyors take up almost 200,000 square feet of 
plant space. Production processes that once were performed as 
separate operations, and often manually, are now integrated into 
a “system approach.” ’ 

Many of the new technologies introduced into this indus- 
try are aimed at improving control of processes such as metal 
cutting and bending. Precise cutting of metal not only reduces 
waste, but also is essential “down the line,” where automated 
equipment requires very close tolerances. A Minnesota plant 
uses machine vision modules to detect any flaws on metal to 

be used to make freezer coils. The vision modules detect ir- 
regularities and direct controllers to reverse the flow of the 
material and cut off the flawed portion. This reduces labor 
and material requireme& while producing fewer defective 
products. The plant also has been able to switch to a lighter 
gauge steel. This is because the new drives (which move and 
shape the steel) improve handling to such an extent that the 
material is less likely to be damaged.* 

Environmental concerns will continue to alter the designs 
and methods of manufacturing in the refrigeration and heating 
equipment industry for some time. Meanwhile, engineers and 
designers have begun discussing and practicing the “design 
for disassembly” concept in this, and other industries as well. 
The goal of this concept is to construct a product so that it can 
be easily disassembled into its component parts for simplified 
recycling. At present, the recycling of refrigeration and heating 
equipment is limited because of the large quantities of labor 
needed to take the equipment apart. This new theory of design 
will require yet newer technologies of the industry and of its 
suppliers of intermediate inputs.’ 

output 

Changes in output in the refrigeration and heating equipment 
industry respond to many variables, including new residen- 
tial and nonresidential construction, renovation of existing 
structures, automobile sales, Federal legislation regarding the 
environment, and the general health of the economy. For the 
entire 1967-94 period, output in the industry increased 3.6 
percent each year on average, compared with a 2.5~percent 
average annual increase for all manufacturing (measured from 
1967 to 1993). This industry is highly cyclical, with sharp 
swings in output: the sharpest increase occurred during 1972, 
when it posted a 32.5~percent jump in output; the deepest 
drop took place in 1975, bringing output down 35.5 percent 
from the previous year. TLvo industries, motor vehicles and 
equipment and building construction, dominate the demand 
for refrigeration and heating equipment. For 23 of the 27 years 
between 1967 and 1994, changes in output in the industry 
move in the same direction as changes in output of the motor 
vehicles and equipment industry. The relationship between 
new construction and the demand for new refrigeration and 
heating equipment also is strong. 

A significant market for the industry’s output is retrofit and 
reconstruction. This involves work on commercial buildings 
intended to upgrade cooling and heating equipment to meet 
new standards, increase the appeal of unleased space, and re- 
duce indoor environmental problems. The trend for the retrofit 
and reconstruction market appears to be upward. Specifically, 
legislation at the Federal level, which began the crc phaseout 
schedule, will spur the demand for retrofit and replacement.‘o 
In the United States, there are more than 130 million motor 
vehicle air conditioners, 5 million commercial refrigeration 
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equipment industry (SIC 35851, 1967-94 

Average annual percent change Average annual percent change 

6 6 

4 4 

2 2 

0 0 

-2 -2 

-4 -4 
1967-94 1967-73 1973-79 1979-94 

n Labor productivity Multifactor productivity n Capital effect Intermediate purchases effect 

systems, and 80 thousand air-conditioning units for commer- 
cial and institutional buildings running on CFC’S. Many of these 
components will have to be replaced or retrofitted.” 

For many of the establishments in this industry, intema- 
tional sales represent as much as 35 percent of total revenues. 
In 1993, the value of U.S. imports of refrigeration and heat- 
ing equipment increased almost 8 percent, while the value of 
the exports of this industry increased 12 percent. Exports will 
continue to increase due to the economic and social changes 
taking place in Eastern Europe and the former Soviet Union. 
More significant is the liberalization of trade made possible 
by the North American Free Trade Agreement of 1994. This 
should create excellent opportunities for the industry to ex- 
pand its exports to Canada and Mexico (its leading foreign 
customers). I2 

The refrigeration and heating equipment industry is cur- 
rently experiencing a boom in the production of one of its 
products. Shipments of air conditioning systems for institu- 
tional and commercial buildings (such as skyscrapers, 
schools, and hospitals) have grown dramatically. These units, 
called chillers, are needed to replace older, less efficient 
systems that rely on CFC'S. According to a survey by the Air 
Conditioning and Refrigeration Institute, “U.S. shipments 
of chillers to building owners around the world jumped 32 
percent in 1995 to a record 9,444 units, of which about 40 
percent were used in America to replace CFC chillers, . . .” 
Moreover, this surge will continue for several more years 
because the institute’s survey also showed that, “...65,375 

or 82~ percent of.. .chillers in the U.S. were still using CFCS 
on January 1, [ 19961 when a ban on CFC production went 
into effect.“” 

Only a few years ago, the outlook for this industry was not 
encouraging. At the time, producers complained of the po- 
tential for equipment shutdowns, the need for employee lay- 
offs, and low inventories. This was primarily due to legisla- 
tion requiring stringent cutbacks of CFC compounds before 
the replacements had been invented. Research and develop- 
ment, however, have led to the design of efficient cFc-free 
refrigeration and air conditioning products, which has helped 
increase the demand for the industry’s output. 

Inputs 

Labor. Over the entire 1967-94 period, labor input (mea- 
sured by employee hours) increased 1.9 percent per year, on 
average. Again, this hides the divergence between pre- and 
post-1973 trends for the industry. From 1967 to 1973, labor 
input in SIC 3585 grew at an average annual rate of 7.9 per- 
cent, but from 1973 to 1979, it increased just 0.1 percent per 
year. In the final period, 1979-94, employee hours edged up 
0.4 percent each year, on average. 

In 1967, there were 8 1,500 people employed by the refrig- 
eration and heating equipment industry. The average hourly 
earnings for production workers in the industry at that time 
were $2.93 (in current dollars), compared with $2.82 for all 
manufacturing. In that same year, 70 percent of all industry 
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employees were production workers, compared with 74 per- 
cent in all manufacturing. In 1994, the level of employment 
reached more than 130,000-an impressive recovery from 
the 1991 level of 115,000 employees. By 1994, average hourly 
earnings of production workers were $11.80 in the industry, 
compared with $11.62 in all manufacturing.14 

In 1995, employment in the industry had swelled to a new 
peak of 139,000. This is in stark contrast to employment in 
the total manufacturing sector, which last peaked in 1979.1s 
Employment levels in the next few years could surpass the 
1995 peak for the reasons discussed earlier. 

Capital. As measured in BLS multifactor productivity stud- 
ies, capital is the flow of services derived from the equip- 
ment, structures (primarily buildings that house the produc- 
tion process), finished goods, work-in-process, and materials 
and supplies inventories that are kept on hand in the firm, as 
well as the land on which plants are located. Financial assets 
are not included in the measure. 

Capital services in the refrigeration and heating equipment 
industry grew at an average annual rate of 2.2 percent be- 
tween 1967 and 1994. Reflecting the industry’s tremendous 
growth through the early 197Os, capital services averaged a 
9.8~percent annual increase during the 1967-73 period. How- 
ever, gains slowed sharply after 1973, to just 0.1 percent per 
year during 1973-79. This slowdown continued for the 1979 
94 period with capital services increasing at the same rate of 
0.1 percent. 

From 1967 to 1994, measures of the services of capital 
structures and land moved similarly to that for total capital, 
increasing at average annual rates of 2.0 and 2.7 percent, re- 
spectively. That for equipment rose even faster, at an average 
annual rate of 4.9 percent. Inventories were steady at 0.0 per- 
cent per year, on average. In the first interval, 1967-73, equip- 
ment services rose almost 13 percent each year, then fell off to 
a gain of 4.4 percent annually during 1973-79. Between 1979 
and 1994, these services grew even more slowly, at an annual 
rate of 2.1 percent. 

While inventories as a whole were cyclical for this indus- 
try, when viewed in more detail, a different picture emerges. 
For unitary (noncomponent) products, particularly window air 
conditioning units, inventories change with the seasons and 
the severity of seasons. A summer that is cooler than average 
would leave inventories higher than average for the year. Also, 
the suppliers of materials to the industry sometimes offer in- 
centives, such as attractive financing, that will induce manu- 
facturers to stock up on inventory. For the component prod- 
ucts, such as industrial and commercial heating/cooling units 
for whole buildings, there generally is no inventory. The prod- 
uct itself is so specialized that the materials are not ordered 
until the buyer has committed to the purchase.i6 

In 13 years, the services of structures declined; these an- 
nual reductions never exceeded 2 percent. For the entire pe- 
riod, 1967-94, the measure for structures increased 2.0 per- 
cent each year, on average. However, the overall increase 
masks the high pre- 1973 gain of 8.8 percent each year and the 
drop-off to just a O.Zpercent gain each year after 1973. 

Intermediate purchases. Intermediate purchases consist of 
the raw materials, energy (in the form of fuels and electric- 
ity), and purchased services used in the production of the 
industry’s output. Materials make up more than 90 percent 
of the value of intermediate purchases for the refrigeration 
and heating equipment industry, with services ranging from 
6 percent to 9 percent of that value, and fuels and electricity, 
the remainder. 

The input of intermediate purchases increased 2.2 per- 
cent each year, on average, between 1967 and 1994, but this 
overall rate hides the large difference between the pre-1973 
and the post-1973 periods. During 1967-73, input of inter- 
mediate purchases increased by more than 10 percent each 
year, on average, but in 1973-79, this component decreased 
3.5 percent per year. The 1979-94 interval showed a cessa- 
tion of the downward trend of the use of intermediate inputs, 
with an average annual increase of 1.4 percent each year. 
The use of intermediate purchases generally follows that of 
output. However, when output is increasing faster than the 
use of intermediate purchases, the result is a gain in interme- 
diate purchases productivity (the ratio of output to interme- 
diate purchases). From 1967 to 1994, intermediate purchases 
productivity gained 1.4 percent each year, on average. The 
rates of change in intermediate purchases productivity were 
3.0 percent for the 1967-73 period, and 3.5 percent for the 
1973-79 period. The last period, 1979-94, shows a com- 
plete slowdown in the growth of this measure, to an average 
0.0 percent per year. 

The price of intermediate purchases for the refrigeration 
and heating equipment industry increased 5.1 percent, on av- 
erage, between 1967 and 1994. Producers are continually try- 
ing to discover ways of substituting one group of inputs for 
another, to reduce the cost of a given level of output. A rise in 
price encourages substitution away from the relatively costly 
input for a cheaper alternative. In this industry, from 1967-73, 
the price of materials was increasing only 4.4 percent each 
year, on average, while the cost of labor was increasing 7.8 
percent per year. The intermediate purchases effect was an 
average 1.3 percent annually between 1967 and 1973. In the 
second period, 1973-79, this trend was reversed as labor be- 
came relatively inexpensive (with the cost increasing 6.5 per- 
cent annually, on average) while materials became more costly 
(with the price rising 10.5 percent each year, on average). The 
intermediate purchases effect declined to an average -2.0 per- 
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cent per year in this interval. The last period shows the prices 
of materials (3.2 percent) and labor (3.9 percent) increasing at 
more equal annual average rates. The intermediate purchases 
effect was closer to zero, at an average annual rate of 0.6 
percent each year, because less incentive for substitution ex- 
isted in this period. 

The 1992 Census of Manufactures details almost 40 cat- 
egories of materials for the heating, air conditioning, and refrig- 
eration equipment industry. Motors and generators made up 
the largest portion of the total value of these materials at 13 
percent. The second and third largest shares were for carbon 
steel (7 percent) and automatic temperature controls (5 per- 
cent). Refrigerant gases accounted for less than 1 percent of 
the value of materials consumed by this industry in 1992, but 
this understates their importance to refrigeration and heating 
equipment manufacturers.L7 CFC'S were used as an evapora- 
tive agent in many refrigeration and mobile-air conditioning 
applications. They also were used as a blowing agent to form 
the insulation that keeps the cold air inside the refrigerated 
space. CFC'S are very good at both of these functions. Being 
large, stable compounds, they have a very low thermal conduc- 
tivity figure and are nontoxic, nonflammable, and noncorrosive. 
As insulation, CFC’S were blown into liquid plastic and forced, 
under pressure, into cavities between the walls of appliances. 
There, they served as insulators and a stress member of the 
cabinet itself. Because CFC molecules are large, they do not 
escape readily through the solidified plastic, as oxygen or car- 
bon dioxide would. The low thermal conductivity of cr=c-based 
insulation allows the compressor to run less often, reducing 
the energy used by the product. The use of CR-based insula- 
tion increased in the 197Os, so that manufacturers could 
comply with new regulations regarding the efficiency of their 
products. The refrigeration and heating equipment industry’s 
inputs and output are regulated, to varying degrees, by the 
Montreal Protocol (an international treaty regarding ozone 
depletion); and the U.S. Clean Air Act Amendments, National 
Appliance Energy Conservation Act, Energy Policy Act, and 
Toxic Substances Control Act. 

As mentioned earlier, the refrigeration and heating equip 
ment industry began using CFC’S as inputs in the production pro- 
cess in the 1930s. Decades later, the Montreal Protocol (1987) 
and Clean Air Act Amendments (1992) mandated that the in- 
dustry substitute away from these materials to safeguard the 
atmosphere. Ahhongh the costs of developing the substitutes them- 
selves were bome chiefly by the industrial inorganic chemicals 
industry, the refrigeration and heating equipment industry required 
new man~acturing techniques, because the ozone-safe coolants 

are not perfect substitutes for the originals. Production workers 
had to be trained to use the new materials, which are toxic, corro 
sive, and combustible-characteristics that c&s do not sham18 
To handle these substitute coolants, new compressor, seal, and 
blower technology needed to be devised. 

The development and adoption of these technologies used 
resources that might otherwise have gone toward improving 
efficiency in the production process. This could help explain 
the slowdown in multifactor productivity growth in the indus- 
try during the post-1979 period. After rising 3.6 percent per 
year between 1967 and 1973 and 1.9 percent per year between 
1973 and 1979, multifactor productivity increased at an aver- 
age annual rate of just 0.6 percent in the 1979-94 period. 

Initially, the industry substituted hydrochlorofluorocarbons 
(HCFC’S) for CFC’S in the production process; HCFC'S do only 2 
percent to 10 percent as much damage to the ozone layer as 
CFC’S.‘~ However, their use is to become limited by the year 
2003.20 The industry is already replacing these second-genera- 
tion coolants with the third, hydrofluorocarbons (W’S). HFC’S 
do IU) damage to the ozone layer but they are a greenhouse gas 
and may become limited-use inputs in the future. The fourth- 
generation coolant may not be a chemical at all. Thermoacoustic 
cooling is a recent discovery in which sound and inert gas cool 
an enclosed space. 21 

The refrigeration and heating equipment industry will con- 
tinue to face challenges arising from the need for safer cool- 
ants in its products; meeting those challenges might restrain 
productivity growth in the near future. 

OUTPUT PER HOUR, or labor productivity, in the refrigeration 
and heating equipment industry increased at an average an- 
nual rate of 1.7 percent between 1967 and 1994. Multifactor 
productivity for the same period gained 1.5 percent. The in- 
dustry experienced rapid growth in output and in both labor 
productivity and multifactor productivity between 1%7 and 
1973. A dramatic slowdown in all three measures occurred 
between 1973 and 1979, after which labor productivity re- 
bounded somewhat. A major market for this industry’s prod- 
ucts is in retrofit and reconstruction activities, which have 
grown consistently in recent years, in part because of legisla- 
tion at the Federal level. Exports represent a significant por- 
tion of the quantity demanded of this industry. Some estab- 
lishments generate more than 35 percent of revenues from ex- 
ports. Finally, a difficult challenge has been met by the refrig- 
eration and heating equipment industry in that substitutes have 
had to be developed for a group of critical inputs, first chlo- 
rofluorocarbons, and then hydrochlorofluorocarbons. cl 
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3585 by the Office of Management andBudget in the 1987 Standard Indus- fiigeration Equipment.” 
rrinl Classijcarion Manual. The full title of this industry is “Air-Condition. ’ In February 199’2, the United States, responding to scientific findings, 
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APPENDIX: Measurement of multifactor productivity 

The following is a brief summary of the methods and data that 
underlie the multifactor productivity measure for the refrigera- 
tion and heating equipment industry. A technical note of more 
detail is available from the authors at the Offlice of Productivity 
and Technology, Bureau of Labor Statistics, Washington, DC 
20212 (or call: (202) 606-5618). 

Output. The output measure for the refrigeration and heat- 
ing equipment industry is the weighted change in the deflated 
value of shipments of various types of equipment, as reported 
in the Censuses and Annual Surveys of Manufactures. De- 
flated five-digit primary product shipments were Tomqvist 
aggregated, using the values of product shipments as weights. 
This measure is in turn benchmarked to Tomqvist indexes of 
constant-dollar production calculated from detailed quantity 
and value data published in the Census of Manufactures for 
1967,1972,1977,1982,1987, and 1992. The data and meth- 
odology are the same as those used in the previously published 
BLS output-per-hour series for this industry. 

For productivity measures for individual industries, out- 
put is defined as total production that “leaves” an industry in 
a given year in the form of shipments, plus net changes in 
inventories of finished goods and work in process. Shipments 
to other establishments within the same industry are excluded, 
when data permit, because they represent double-counting, 
which distorts the productivity measures. 

Labor. Employee hours indexes, which represent the labor 
input, measure the aggregate number of employee hours. 
These hours are the sum of production worker hours and 
nonproduction worker hours, both of which are calculated 
with BLS data (primarily from the Current Employment Sta- 
tistics Survey). The labor input data are the same as those 
used in the previously published BLS output-per-hour series 
for this industry. 

Capital. A broad definition of capital input, including equip- 
ment, structures, land, and inventories, is used to measure the 
flow of services derived from the stock of physical assets. 
Financial assets are not included. 

For productivity measurement, the appropriate concept of 
capital is “productive” capital stock, which represents the stock 
used to produce the capital services employed in current pro- 
duction. To measure the productive stock, it is necessary, for 
each type of asset, to take account of the loss of efficiency of 
the asset as it ages. For each type of asset, it is necessary to 
aggregate assets of different vintages. For BLS productivity 
measures generally, including those in this article, a concave 
form of the age-efficiency pattern (efficiency declines more 
slowly during the earlier years) is chosen. 

In combining the various types of capital stock, the 
weights applied are cost shares based on implicit rental prices 
of each type of asset. These prices reflect the implicit rate of 
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return to capital, the rate of depreciation, capital gains, and 
taxes. For an extensive discussion of the measurement of 
capital, see Trends in Multifactor Productivity, 1948-81, 
Bulletin 2178 (Bureau of Labor Statistics, 1983). 

Intermediate purchases. Intermediate purchases include 
materials, fuels, electricity, and purchased business services. 
Materials measured in real terms refer to items consumed or 
put into production during the year. Freight charges and other 
direct charges incurred by an establishment in acquiring these 
materials also are included. The data from which the esti- 
mates of intermediate inputs are derived include all purchased 
materials and fuels, regardless of whether they were pur- 
chased by the individual establishment from other compa- 
nies, transferred to it from other establishments within the 

same company, or withdrawn from inventory during the year. 
An estimate of intra-industry transactions is removed from 
materials and fuels. 

Annual estimates of the cost of services purchased from 
other business firms also are required for the measurement of 
multifactor productivity in a total output framework. An esti- 
mate of the constant-dollar cost of these services is included 
in the intermediate purchases input. 

Cost shares for capital, labor, and infer-mediate 
purchases. Weights are needed to combine the indexes of 
the major inputs into a combined input measure. The weights 
for the heating, air conditioning, and refrigeration equipment 
industry are derived by dividing an estimate of cost in current 
dollars for each input by the total cost of all inputs. 

LABSTAT Available via World Wide Web 

LAESTAT, the Bureau of Labor Statistics public database, provides 
current and historical data for many BLS surveys as well as numerous 
news releases. 

LABSTAT Public Access has introduced a new production Internet 
service over the World Wide Web. BLS and regional offices programs 
are described using hypertext pages. Access to LABSTAT data and 
news releases is provided by a link to the BLS gopher server. The URL 
is: 

http://stats.bls.gov/blshome.html 

If you have questions or comments regarding the LABSTAT system 
on the Internet, address e-mail to: 

labstat.helpdesk@bls.gov 

Monthly Labor Review May 1997 13 


