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1. INTRODUCTION 

Most neoclassical trade models specify continuous substitution pos- 
sibilities between imported and domestic goods in comparable product 
categories. A common form of this in practical work is based on a 
constant elasticity of substitution (CES) specification derived from 
Armington ( 1969). Although the Armington model has been widely 
adopted, little direct econometric estimation of CES elasticities has 
been undertaken, leaving modelers to rely on judgmental values and 
sensitivity analysis. ’ In this article, we provide Armington estimates 
for detailed mining and manufacturing sectors of the United States. 

Using data from a number of government sources, we have devel- 
oped time series on prices and quanlities of imported and domestic 
goods (in domestic use) for 163 sectors. For most of these, we were 
able to specify an estimating equation that yielded statistically signif- 
icant CES elasticities. In the next section, the CES specification of 
impcir-t demand is reviewed. Section 3 discusses the database that was 
assembled for the estimates presented in Section 4. Section 5 presents 
some concluding remarks. 
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2. MODELING IMPORT BEHAVIOR WITH THE CES 

Trade theory usually views import behavior from the 
the economy as a whole. This is equivalent to considering an aggregate 
agent who views imported and domestic goods in similar product 
categories as substitutes in consumption. If this representative con- 
sumer has a well-behaved utility function, then the consumption de- 
sision is amenable to neoclassical utility maximization or, in a dual 
formulation, expenditure minimization. 

The hypothetical representative consumer obtains utility from a com- 
posite (Q) of imported (A4) and domestic (D) goods, and we assume 
there are continuous substitution possibilities between the latter. The 
decision problem is then to choose a mix of M and D that minimizes 
expenditure, given respective prices pM and pD and the desired level 
of Q. in the Armington specification, a CES functionai form is chosen 
for Q: 

where CY and p are calibrated parameters and u is the (constant) elas- 
ticity of substitution between imports and domestic goods. The solution 
to the consumer’s optimization problem will then be to choose imports 
and domestic goods whose ratio satisfies the first-order condition 

MID = RPW - PH(pdp,,W’, (2) 

which is the familiar equivalence between rates of substitution and 
relative prices.* The parameter 0: also can be interpreted as the com- 
pensated price elasticity of import demand. 

Assuming that the utilities in composite consumption are weakly 
separable. Armington elasticities can be estimated for disaggregated 
commodity categories.” These can then used to determine import de- 
mand elasticities in multisectoral simulation models.4 

‘de Melo and Robinson (1989) give a more extended treatment of CES import behavior in a 
general equilibrium model. 

‘See Section 2 of Winters (1984) for a discussion of sepa-ability assumptions. 

%ee, for example, Dervis, de Melo. and Robinson (19PI). 
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Applied multisecto 
accounting matripes (S s) as their basic informati 
the data source of 
input-output table of the 
our estimates of Armingto 
that are directly conformable to BEA sectors.6 

Tne estimation of Armington elasticities requires data on both import 
prices and real-valued imports. To generate these series, quarterly 
import data for the years 19804988 were extracted from U.S. De- 
partment of Commerce data tapes by seven-digit TSUSA item. These 
data then were concorded to the 163 sectors. Laspeyres price indices 
were computed for each sector as 

where & is the base-period import share of TSUSA item i, r (I) is 
the unit value of TSUSA item i in quarter t, and pi” (0) is the unit 
value of TSUSA item i in the base period. The base period was chosen 
as the second quarter of 1987 for mining sectors and the second quarter 
of 1986 for manufacturing sectors. These import price indices were 
used to deflate imports to obtain real import series. 

The Armington estimation also requires data on prices of the cor- 
responding domestic goods and real values of domestic sales of do- 
mestic goods. Producer price indices (PPI) were used as a proxy for 
the prices of the domestic goods. These were obtained from U.S. 
Department of Labor data tapes on a four-digit SIC basis and were 
concorded to the 163 estimating sectors. In cases in which more than 
one producer price series concorded with a sector, the series were 
aggregated using domestic output weights ( 1986 for manufacturing, 
1987 for mining). Domestic output for these base periods was obtained 
from U.S. Department of Commerce data tapes few manufacturing 
sectors and the Census of Mining for mining sectors. The PPI are 

?he U.S. International Trade Commission, for example, has constmc’ti a h@ly disaggre- 
gated SAM to calibrate a computable genera! equilibrium model for trek policy analysis. See 
Reinert and Roland-Hoist (1992). 

“A table detailing the concordance between the 163 esti sting sxlors mend the corns 
BEA and SIC sectors is available from the authors. 
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monthly data, and an average of the PPI over the 3 months of each 
quarter was used. 

The core data for the development of a domestic output series are 
the Federal Reserve Bank’s Indices of Industrial Production (1lP) ’ The 
I1P classification was concorded to the 163 sectors. In cabes in w 
more than on: IIP concorded with a sector, the series were aggregated 
using TIP series weights. The IIP series are monthly, and a 3-moritii 
average was taken as the quarterly value. 

The IlP data provide series for domestic production. 
estimate the Armington functions. we require data on domestic sales 
of domestic ;aods, that is, domestic production less exports. To do 
this, we first rescsled the IIP series so that they express domestic 
production as a proportion of the base-year average quarterly produc- 
tion. Again, the base years are 1987 for mining and 1986 for manu- 
facturing. Next, we applied base-year output to these series to generate 
series of real outpu;. Finally, we subtracted real export series to obtain 
series of real domestic sales. To generate the real export series, quar- 
terly export data for the years 1980- 1988 were extracted from U.S. 
Department of Commerce data tapes by seven-digit Schedule B item. 
These data then were concorded to the 163 estimating sectors. In order 
to deflate the exports, Laspeyres price indices were computed in a 
manner equivalent to Equation 3. 

To estimate the CES elasticities of substitution between imports and 
domestic goods, we take a logarithmic form of the first-order conditions 
of Equation 2 above, that is. 

log[iwDl = c-r log(p/(l - p,j + fJ logj&/p,,] (4) 

and supplement this with quarterly dummy variables (di) to specify the 
estimating equation 

?’ = I?,, + h,.\- + h,ci, + h,d, + h,d_$. (5) 

where .Y = log@&,,) and h, = o is the Armington elasticity. 
We compared this relatively parsimonious model with more complex 

specifications, including trends, lagged dependent variables, and 
gamma-distributed lag models, and found that Equation 5 performed 



Cochrane-Orcutt scheme to correct for autocomlation. 
summarized in Table i . Of the 163 sectors estimated, I 

Armington estimates that were significant at the 5 percent level. In 
addition to these. 14 had significant residual serial correlation. 15 had 
insufficient data, and the remainder of the estimated coefficients were 
insignificant. The residually autocorrelated sectors are indicated with 
an asterisk next tl their respective Durbin-Watson statistics iu Tabfc 
I, and the sectors with insufficient data, as well as those with negative 
coefficients, are omitted from the table. 

5. CONCLUDING REMARKS 

This article mtched the Armington specification of substitution be- 
tween imports 2nd domestic goods with U.S. trade data to obtain 
econometric estimates of the Armington elasticities for 163 mining 
and manufacturing sectors. In about two-thirds of the cases, positive 
and statistically significant estimates were obtained. tndividually, or 
in weighted aggregations, these estimates can be used to sharpen the 
behavioral specification of applied trade models. 

Our general results indicate that substitution possibilities between 
U.S. domestic goods and importables are indeed limited. with signif- 
icant elasticities ranging between a low of 0.14 and a high of 3.49. 
This implies, among other things, that commodities at this level of 
aggregation are far from perfect substitutes. and there is ample scope 
for price differences and distortions without complete special; .&ion in 
trade. Imperfect substitutability calls into question a variety of ef~es~~~le 
protection and welfare measures that impose the law of one price on 
domestic and imported commodities. 
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Table 1: Estimated Armington Elasticities 

Sect Elast t ti DW DOF Lh?scription 

I 
4 
5 
6 

8 
9 

11 

12 
15 
17 

18 
19 

2G 
21 

22 

24 
25 
26 
27 
28 

29 

30 
-_I 

ii 

34 
35 

36 
37 

38 
39 
40 

41 
43 

44 

45 

46 

47 

48 

50 

52 

53 

56 

57 

59 

60 

11.22 
0.16 

0.31 

0.97 

1.13 
1.68 

1.00 

1.99 
0.67 
1.16 

0.35 
1.88 

1.26 
0.59 

1.11 
0.13 

0.02 
3.49 

0.15 
1.49 

0.93 

0.06 

1.85 
0.27 

0.69 
0.15 

0.99 
0.54 

0.82 
1.21 

0.57 
2.53 

0.45 
2.18 

0.64 
0.58 

1.73 

0.06 
1.02 
0.43 

0.05 

0.97 

1.50 

1.42 

0.97 

1.63 

0.23 
2.30* 

17.84* 

1.78 

3.30* 

33.92* 
6.74* 

3.10* 
2.84* 
8.04* 
7.90* 

6.24* 

1.67 

7.68* 

6.57* 
0.80 
6.95* 
tL46* 
4.75’ 

2.82* 
0.14 
. .q.. ‘t. A c 
5. rti* 

I .52 
3.28* 

6.21* 
3.96” 
7.41* 

2.55* 
1.91 

9.80* 

3.55* 
3.?4* 

2.60* 

0.64 
8.53* 

2.10* 

20.13* 

9.92* 
0.91 

16.60* 

6.92* 
8.19” 

1.00 

.64 1.93 

.21 2.12 

.50 2.13 

.% 1.83 
A0 1.87 

.28 1.06* 

.99 2.23 

.88 1.80 

.79 1.75 

.32 2.32 

.70 1.19 

.90 1.30 

.56 1.29 

.56 1.41 

.76 1.51 

.56 1.29 

.72 2.22 

.75 2.08 

.86 2.76 

.65 0.95* 

.40 2.51 

.05 2.77 

.45 2.70 

.47 1.74 

.45 I .97 

.57 2.23 

.54 1.62 

.54 1.89 

.88 1.22 

.77 1.32 

.44 1.43 

.75 1.12* 

.38 1.80 

.74 1.19 

.55 1.47 

.13 2.92 

.84 0.83 

.22 2.01 

.96 2 14 

.77 1.45 

.15 1.7i 

.86 2.65 

.62 1.50 

.68 2.27 
39 ! .30 

10 
30 
24 
10 

IO 

30 

12 

30 
18 

30 
30 

6 

30 
8 

28 
30 

30 
14 

30 
24 

30 
30 

22 
30 

26 

30 
30 

30 
12 

8 
6 

30 
30 

6 
22 

26 

12 

30 
30 

30 

30 

30 
30 

30 

6 

Iron and ferroalloy ore5 mining 

Coal mining 

Crude petroleum and natural gas 
Stone. sand, and gravel 
Chemical and fertilizer mineral mining 
Meat packing plants and prepared meats 

creamery butter 

Cheese, natural and processed 

Fluid milk 

Flour and other grain mill products 

Cereals and flour 

Dog, cat, and other pet food 

Prepared feeds, n.e.c. 

Wet corn milling 

Bread, cake, cookies, and crackers 

Chocolate and other confectionary products 

Malt and malt beverages 

Wine, brandy. and brandy spirits 

Distilled liquor, except brandy 

Soft drinks, flavorings, and syrups 

Vegetable oil miiis 

Animal and marine fats and oils 

Shortening and cooking oils 

Sea foods, ice, and pasta 

Cigarettes 

Cigars 

Tobacco 

Yarn, thread, and broadwoven fabric mills 

Narrow fabric mills 

Floor coverings 

Felt, lace, and other textile goods 

Hosiery 

Apparel made from purchased materials 

House furnishings, textile bags, canvas 

Logging camps and logging contractors 

Sawmills 

Hardwood dimension and flooring mills 

Millwork. wood kitchens and cabinets 

Wood pallets, skids. and containers 

Wood preserving and particleboard 

Household furniture 

Paper mills, except building papers 

Paperboard mills 

Sanitary paper products 

Building paper and board mills 

(Table P continues) 
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61 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
76 
77 
78 
79 
80 
81 
83 
84 
85 
86 
87 
88 
90 
91 
93 
94 
95 
% 
97 
103 
I06 
107 
108 
109 
II0 
III 
112 
113 
115 
116 
117 
iE8 

1.6% 
I.48 
0.98 
I.00 
0. 
0. 
0. 
O.% 
I.71 
0.87 
0.66 
1.09 
0.58 
0.40 
0.02 
0.29 
0.01 
I.46 
I.07 
1.27 
0.36 
0.23 
1.09 
1.04 
0.88 
0.84 
i Jc 

0:8; 
0.76 
3.08 
O-6? 
0.91 
0.16 

0.22 
1.17 
11.20 
0.22 
0.21 
0.30 

10. IS” 
4.57* 
9.26+ 
43.12' 
11.48" 
4.17" 
3.62* 
l8.73+ 
11.55' 
4.47f 
2.31* 
6.49* 
I.44 
I.53 
0.34 
4.32+ 
0.14 
1.71* 
1.89' 
l4.85* 
11.95* 
1.13 
12.73* 
28.48* 
24.13" 

c-94* 

7.38" 
16.13* 
7.75' 
4.06* 
2.17* 
0.98 
1.30 
2.76' 
1.37 
6.26+ 
2.34* 
2.34+ 
23.65* 
0.48 
8.87* 
2.75* 
1.25 

21.74" 
17.75" 

.85 1.98 
1.39 
1.39 

.94 0.86 

.82 1.36 
-52 2.81 
.29 2.17 
-91 z._w 
.35 1.77 

56 2.42 
.68 2.39 
.I0 0.94" 
-31 2.90 
-98 1.68 
.80 1.14* 
-06 0.76* 
-86 0.67* 
.97 1.89 
.46 2.12 
.74 1.03' 
.77 2.12 
-88 2.13 
-87 1.71 
.70 2.35 
-53 1.08 
.I2 1.46 
.29 2.68 
.57 1.1 
.45 1.7 
.75 0.91" 
.25 1.57 
.43 1.8 
.98 1.79 
53 1.23 
.7: 1.37 
.22 0.x* 
.29 2.10 
.96 2.37 
.91 3. 

IO 
IO 
1 
30 
26 
22 
30 
3Q 
18 
30 
30 
30 
30 
30 
30 
30 
30 
10 
10 
8 
28 
XI 
16 
10 
30 
29 
IO 
10 
L-i 
30 
30 
30 
20 
30 

Mkcellmeous plastics products 

l&&3 ~~~8 and finishing 
atbet Eeatl?er gd5 
Glass and glass pducts,exeept containers 

Glass c~~ntainers 
Cement. hydraulic 

Brick and structwa! c:q i!!c 

Ceramic wall and floor tile 

Ceramic plumbing and electrical supplieb 

China and earthenware products 

Stone and nonmedic mineral products 

Primaty steel 

Iron and steel fourtdries 

Metal heat treating and primary metal 

Primary copper 

Qther nonferrous ro,lling, drawing. insulating 
etal barrels. drums and pails 
eta! p~~rnb~r‘~ fixr i-es. heating equipment 

Fabricated metal work 
Fabricated ?late work (boiler shops) 



638 K.A. Reinert and D.W. Roland-Hoist 

Table I: E>tim;ttcd Armington Ela\ticitic$ 

I I9 I .06 
120 0.97 

121 0.94 

I22 0.79 

123 0.69 

124 0.26 

I25 0.83 

127 0.85 

I28 1.22 

I29 0.20 

130 0.72 

131 2.69 

i32 i.i3 

133 I.01 

134 1.97 

I35 1.99 

136 0.09 

137 0.82 

138 1.41 

139 0.63 

I40 1.42 

i4t 0.62 

1143 2.65 

144 0.36 

145 i.!b 

146 0.76 

147 0.62 

149 0.30 

150 0.92 

151 1.73 

i53 0.65 

I55 0.89 

157 0.89 

I58 1.05 

I59 0 66 

160 0.28 

i62 0. I4 

I I .08* 
7.60* 

io.79* 

8.01* 

7.05* 

2.77* 

io.I39* 

5.60* 

9.67* 

2. i3* 

3.30” 

2.60* 

5.9i* 

i9.66* 

ii .77* 

3.32* 

1.12 

3.59* 

3.52* 

4.ig* 

16.54* 

9.80* 

I I .60* 

5.99* 

ILOP 

3.30* 

3.21* 

2.47* 

.5.07* 

6.30* 

2.31* 

1.64 

22.52” 

is. 1s* 

2.61* 

2.26* 

4.17* 

.96 1.52 

65 1.42 

.79 2.37 

.91 2.17 

.53 0.91* 

.39 2.72 

.86 I .02* 

.49 1.07* 

.90 1.84 

I6 2.23 

.58 I.28 

.I8 2.10 

.64 2.45 

.93 2.08 

.86 1.75 

.72 1.13 

.3cl 2.16 

.67 2.63 

.63 1.33 

.7s 0.47 

.97 I .47 

.75 2.48 

.92 I.82 

.59 I :17 

.92 1.39 

.68 1.09 

.55 1.60 

.26 1.64 

.67 0.98 

.9t 1.98 

.93 I.17 

.45 1.65 

.98 1.95 

96 I .48 

.86 0.65 

.43 2.80 

.40 1.14* 

IO 

30 

30 

8 

30 

34 

30 

30 

IO 

30 

8 

30 

30 

30 

I8 

4 

30 

IO 

10 

6 

6 

30 

10 

26 

10 

6 

8 

22 

12 

10 

8 

s 

6 

IO 

IO 

I6 

30 

Farm and garden machinery and equipment 

Construction. mining. oil Geld machinery 

Elevators. conveyors, cranes 

Machine tools and power driven hand tools 

Spectai industry machinery 

Pumps, compressors. blowers. fans. furnaces 

Bail and roller be;l;ings. transmiss. equip. 

Electrical computing equipment 

Service industry machines 

Transformers. switchgear and swltchboard 

Electrical indus!rial apparatus 

Household cooking equipment 

Household refrigerator and freezers 

Household laundry equipment 

Electric housewares and fans 

Household vacuum cleaners 

Sewing machines, household appliances 

Electric lamps, lighting, wiring devices 

Radio, TV. phonograph records and tapes 

Telephone and telegraph apparatus 

Radio and TV communication equipment 

Electron tubes 

Storage batteries 

Electrical equipment and buppiies 

Motor vehicles parts and accessories 

Aircraft 

Aircraft and missile equipment, n.e.c. 

Boat building and repairing 

Railroad equipment 

Motorcycles. bicycles, and parts 

Transpottation equipment, n.e.c. 

Ordnance and accessories 

Engineering, scientific, optical equipment 

Measuring devices, environmental controls 

Surgical. mcdicai. and dental equipment 

Watches, clocks, and ophthalmic goods 

Jewelry. musical imtruments, toys 

Note: Eiast is estimated Armington elasticity of substitution. I is the t statistic; an asterisk 

next to this number indicates the estimated elasticity is statistically significant at the 5 percent 

level. RZ is the R-squared value. DW is the Durbin-Watson statistic; an asterisk next to the latter 

value indicates significant residual serial ccrrelation. DOF is ihe degrees of freedom for the 

estimation. 
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