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Abstract

The Texas Manufacturing Outlook Survey (TMOS) is a monthly survey of area
manufacturers conducted by the Federal Reserve Bank of Dallas. TMOS indexes provide
timely information on manufacturing activity in Texas, which is useful for understanding
broader changes in regional economic conditions. This paper describes the survey
methodology and analyzes the explanatory and predictive power of TMOS indexes with
regard to other measures of state economic activity. Regression analysis shows that
several TMOS indexes successfully track changes in Texas employment, gross domestic
product and consumer price index. Forecasting exercises show that several TMOS
indexes are also useful in predicting future changes in some of these regional economic
indicators.
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1. Introduction

Business surveys such as the Dallas Fed’s Texas Manufacturing Outlook Survey (TMOS) are
used to monitor economic activity and expectations about future growth. They typically also
provide timelier information than other regional data sources. In the U.S., several of these
surveys focus on the manufacturing sector since its trends are particularly useful for
understanding changes in the general economy. This is because manufacturing is more cyclically
sensitive and tends to lead overall economic growth.! One such business survey is the Institute
for Supply Management’s (ISM) Report on Business, which has reported its monthly national
manufacturing Purchasing Managers’ Index (PMI) index since 1948.2 Other monthly U.S.
manufacturing surveys include regional surveys published by a number of the Federal Reserve
banks, including Philadelphia (started in 1968), Richmond (started in 1993), New York (started

in 2001), Kansas City (started in 2001) and Dallas (started in 2004).

These Fed surveys can provide an early look at economic conditions within the Banks’
respective geographic regions before official statistics become available. Since its inception in
2004, TMOS has become widely used by analysts and commonly cited by local and national
business media outlets, including the Dallas Morning News, the Austin American-Statesman,
Wall Street Journal, Fortune, Reuters and Bloomberg. TMOS provides real-time information on

changes in activity in Texas’ manufacturing sector, which, as noted above, has implications for

!'See Stock, James H. & Watson, Mark W., 1999. "Business cycle fluctuations in U.S. macroeconomic time series,"
in: J. B. Taylor & M. Woodford (ed.), Handbook of Macroeconomics, edition 1, vol. 1, chapter 1, pp. 3-64. See also
Zarnowitz, Victor, 1992. “Composite Indexes of Leading, Coincident, and Lagging Indicators,” in: Zarnowitz,
Victor (ed.), Business Cycles: Theory, History, Indicators, and Forecasting, chapter 11, pp. 316-356.

2 The ISM PMI index has proven a valuable tool in forecasting U.S. gross domestic product growth. See Koenig,
Evan F. (2002), “Using the Purchasing Managers’ Index to Assess the Economy’s Strength and the Likely Direction
of Monetary Policy,” Federal Reserve Bank of Dallas Economic and Financial Policy Review, vol. 1, no. 6.



broader economic activity in the region. In 2022, manufacturing accounted for 6.9% of Texas

employment.

The most important gauge of TMOS’ value is whether its indexes are correlated with economic
activity in Texas. Berger (2010) shows that the TMOS production, employment, and new orders
indexes each help explain monthly changes in Texas manufacturing employment, Texas
manufacturing industrial production and the Texas manufacturing business-cycle index. This
paper updates an earlier working paper, Canas and Kerr (2014), that built on Berger’s research to
explore how well TMOS indexes correlate with changes in overall Texas employment, Texas
gross domestic product (GDP) and the headline consumer price index (CPI) for Texas. In

addition, we do a forecast evaluation.

2. TMOS Methodology

TMOS is one of several Dallas Fed surveys which include TMOS’s two sister surveys, the Texas
Service Sector Outlook Survey and the Texas Retail Outlook Survey, as well as the Banking
Conditions Survey, the Energy Survey and the Agricultural Survey.? The surveys provide
information that helps the Dallas Fed fulfill its role as part of the nation’s central bank system,
providing valuable insight into regional economic conditions and informing monetary policy
decisions. The survey data fill a gap in regional economic data, which are limited, not generally
timely, and are also subject to large and delayed revisions. For example, state employment data

from the Bureau of Labor Statistics are released with a three-week lag and are extensively

3 These surveys can be found on the Dallas Fed website at www.dallasfed.org/research/surveys.



revised in subsequent months and years. State level GDP data from the Bureau of Economic

Analysis are also available with a substantial lag and are subject to revision.

Manufacturing executives responding to TMOS report on how business conditions have changed
for a number of indicators, such as production, new orders, prices and employment. Respondents
are also asked to report on how they perceive broader economic conditions have changed, such
as general business activity. All questions ask whether the indicator has increased, decreased or
remained unchanged over the prior month.* Survey responses are used to calculate diffusion
indexes by subtracting the percentage of respondents reporting a decrease from the percentage
reporting an increase. When the share of firms reporting an increase exceeds the share reporting
a decrease, the index will be greater than zero, suggesting the indicator has increased over the
prior month. If the share of firms reporting a decrease exceeds the share reporting an increase,
the index will be below zero, suggesting the indicator has decreased over the prior month. In
addition to asking about month-to-month changes, the survey also asks about expectations six

months ahead for the same group of indicators.

Survey Design and Implementation

The Dallas Fed began collecting TMOS data in June 2004. The original sampling frame was
drawn from Reference USA, a business database that listed over 45,000 Texas manufacturing
firms. Solicitations to participate went out to single-location companies or company headquarters

in Texas; branches were excluded to avoid duplicate responses from affiliated operations. We

4 The sample survey form can be found on the Dallas Fed website at
www.dallasfed.org/~/media/documents/research/surveys/tmos/documents/form.pdf.



focused on firms with more than 100 employees, although for some industries it was necessary to
include smaller entities (Sigalla, et. al 2007). Letters of invitation were sent to 2,500 randomly
selected Texas manufacturing firms meeting the criteria in April 2004, and executives from 130
firms agreed to participate. There were roughly 65 to 80 survey responses received each month
during the first three years. The survey sample was expanded in January 2007 with a second
round of invitation letters, and smaller-scale recruitment efforts have taken place on an ongoing
basis since. As of January 2023, nearly 140 firms receive the survey, and about 100 respond each

month.

TMOS is sent via email mid-month to executives at Texas manufacturing firms, and participants
have seven business days to submit their survey responses. The diffusion indexes calculated from
the survey responses are seasonally adjusted in order to discern underlying economic trends. Full
reports of results along with the collection dates and number of firms responding are published
on the Dallas Fed website on the last Monday of each month. Comments from respondents’
completed surveys are also published, anonymously, with permission. The Dallas Fed began
releasing TMOS results to the public in November 2005. Survey results were reported on a

seasonally adjusted basis starting in August 2009.

Seasonal Adjustment

The Dallas Fed uses the X12 seasonal-adjustment procedure, developed by the U.S. Census
Bureau, to statistically remove seasonal effects. TMOS respondents are explicitly asked to take
seasonal variations into account when assessing firm performance each month. However, as of
January 2023, the X12 results indicate that 29 of the 33 indexes contained statistically significant
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seasonality.® For these indexes, the increase, decrease and no change components are each
adjusted. The indexes are then re-computed using the adjusted components. If the three adjusted
component series (increase, decrease, and no change) do not sum to 100 percent, they are
normalized to add up to 100. In January each year, the Dallas Fed revises historical data for

TMOS by recalculating the seasonal factors to account for an additional year of data.
Representativeness of the TMOS sample

In order for the data received from TMOS to be generally representative of the Texas
manufacturing sector, it is important that the industry composition of the survey panel be in line
with the industry composition of manufacturing in Texas. The Dallas Fed uses employment
shares for industries (using three-digit North American Industry Classification System (NAICS)
codes) within the Texas manufacturing sector to set a target composition for the panel of TMOS
participants. For example, if food manufacturing (NAICS 311) accounts for 12 percent of Texas
manufacturing employment, ideally 12 percent of TMOS participants would be food
manufacturers. A breakout of the industry distributions of Texas manufacturing employment and
the TBOS sample are shown in Figures 1a and 1b. While not perfect, the industry composition of
the TMOS sample very closely mirrors that of manufacturing in Texas, and efforts are always
ongoing by Dallas Fed staff to better hone the representativeness of the TMOS sample by adding

participants in underrepresented industries.

5> A current list of the seasonal indexes is found at www.dallasfed.org/research/surveys/tmos/seasonal.



Figure 1a. Industry Distribution of Texas Manufacturing Employment, 2023

d-

o

= Food Manufacturing

= Chemical Manufacturing

= Plastics and Rubber Products Manufacturing

= Nonmetallic Mineral Product Manufacturing

= Fabricated Metal Product Manufacturing

= Machinery Manufacturing

= Computer and Electronic Product Manufacturing
= Transportation Equipment Manufacturing

= Other

Figure 1b. Industry Distribution of TMOS Sample, 2023
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NOTE: Shown in Figure 1a are Texas manufacturing employment shares for the top eight NAICS industries, which
account for 75 percent of total Texas manufacturing employment.
SOURCE: Bureau of Labor Statistics.
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Maintaining the TMOS Sample

Ongoing recruitment efforts are required to maintain a robust and representative survey panel.
Firms discontinue involvement over time due to companies merging, changing the location or
nature of their operations, going out of business, or due to participating executives changing

roles, leaving the company or electing to no longer participate.

In the first quarter of each year, Dallas Fed economists analyze the representativeness of the
existing TMOS panel. They identify target industries (by three-digit NAICS codes) where the
survey panel is underrepresented. We also look at the sample distribution by geography and firm
size, as well as how many are women and/or minority-owned firms. Recruitment efforts for the
year focus on shoring up underrepresentation in any of these stratifications, so that the sample

closely matches the distribution seen in Texas, as well as bolstering the overall sample size.

Methods of recruitment have included mailed letters of invitation, invitation emails or phone
calls, as well as personal interactions at Dallas Fed events and when Dallas Fed economists give
presentations to various groups (distributing a handout or providing a QR code on a presentation
slide). New participants are enrolled for the next monthly survey on a rolling basis. In addition to
adding new participants, it is also important to hold on to existing ones. Dallas Fed staff enacted
procedure in 2012 to systematically follow-up with non-responding survey participants in an

effort to minimize attrition and boost response rates.®

¢ Staff members call participants who do not respond to three consecutive monthly surveys to resolve any issues and
encourage a resumption of participation. A similar follow-up call is placed to participants after six months in a row
of non-response, and then an email is sent after nine months, followed by a letter after 11 months. These
correspondences usually incite participation to resume, but if a participant does not respond to a survey for 12



3. TMOS Contribution to Regional Analysis

The Dallas Fed’s TMOS adds considerable value to the existing body of U.S. business surveys,

including other Fed manufacturing surveys.

Large Size of Manufacturing Sector

Texas accounts for almost 10 percent of U.S. manufacturing output, the highest share among the
regions that Fed surveys cover, as shown in Table 1. Manufacturing output grew in Texas in the

period 2017 to 2022, though not as fast as in the U.S. or as fast as Texas GDP overall.

Table 1. Comparison of Manufacturing GDP across Fed Survey Geographies

Share of U.S. Mfg. Mfg. GDP growth,
Region Mfg. GDP, 2022 GDP, 2022 2017-2022
$2022 millions percent percent

Texas 164,923 9.2 5.7

New York 55,264 3.1 1.4

Third District* 112,858 6.3 4.1

Fifth District®* 154,066 8.6 0.3

Tenth District*** 103,224 5.8 13.6

U.S. 1,788,039 - 8.0

*Third District numbers include PA, NJ, and DE. **Fifth District numbers include MD, WV, VA, NC, SC, and DC.
***Tenth District numbers include MO, NE, KS, OK, WY, CO, and NM.

NOTES: These figures are not a perfect measure of the areas represented by each survey. The Third District includes
only parts of PA and NJ, the Fifth District does not include all of WV, and the Tenth District includes only parts of
MO and NM.

SOURCES: Bureau of Economic Analysis; Bureau of Labor Statistics.

consecutive months, they are removed from the panel. Participants are also removed from the panel at the request of
the company or participant.
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Survey Collection Period

TMOS data are collected in the latter half of the month to allow responding companies to get a
real sense of business activity for that month. This adds unique value to the TMOS data, as most
of the other Fed manufacturing surveys collect data early in the month (Table 2), and it is
possible that respondents to these surveys could be responding based on the prior month’s
performance. Because of TMOS’s later collection period, it is typically the last of the Fed
manufacturing survey reports released. For almost half of the Federal Open Market Committee

meetings, TMOS is the most recent Fed manufacturing survey data available.

Table 2. Collection Periods and Release Dates for Manufacturing Surveys, January 2023
Dec. 2022 Jan. 2023

Th F S SUMTWThF SSuMTWThF SSUM T WTh F S SuMTWThF S SuMT
New York Fed 293031123456 7289 1011121314151618 19 20 21 22 23 24 2526 27 28 29 30 31
PhiladelphiaFed 29 30 31 1 2 3 45 6 7 8 910111213141516 17 1820 2122 23 24 2526 2728 29 30 31
Richmond Fed 293031123456 78 910111213141516 17 18 19 20 21 22 23@25 26 27 28 29 30 31
Kansas City Fed 293031123456 7 8 910111213141516 1718 19 20 21 22 23 24 2527 28 29 3031
Dallas Fed 293031123 456 78 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28 2931

NOTES: Shaded areas mark survey collection periods. Boxed dates mark survey release dates. January 2023 is used
as an example of a typical month. Collection periods and release dates may vary from month to month.

Survey Indexes

TMOS includes data on production—a well-defined, quantifiable measure of manufacturing
output that is not collected by most other Fed surveys. This adds value alongside measures of
general business conditions, which tend to reflect perceptions of broad economic activity rather
than actual output. While each of the Fed surveys asks about employment numbers, only TMOS
and one other inquire about wages. Also, TMOS has four unique survey variables not available
in the other Fed surveys: growth rate of orders, capital expenditures, company outlook and

uncertainty regarding firms’ outlook.
11



Survey Sample

TMOS receives about 100 survey responses each month—typically the highest among the Fed
manufacturing surveys. In addition to a survey sample that is robust in number, it is also
imperative that the composition of the sample be roughly in line with the composition of the
sector it is intending to measure. The industry distribution of the TMOS sample is closely
aligned with the industry distribution within Texas’ manufacturing sector, as shown in Figures la

and 1b, and the sample’s geographical and size distribution is quite aligned as well.

4. TMOS Performance with Regional Economic Indicators

Monthly surveys of regional manufacturing activity can provide an early look at current
economic conditions before official statistics become available. The most important gauge of
their value, however, is whether the indexes are correlated with the economic activity they are

intended to measure.

We examined the explanatory power of TMOS indexes for several state economic indicators—
employment, gross domestic product, and headline CPI. We used autoregressive regression
models to estimate how closely each index follows Texas economic activity. To avoid bias from

the COVID-19 pandemic’s impact, we excluded data from the year 2020.

Employment

Chart 1 plots the monthly change in Texas employment against the TMOS employment index.
The index, like all TMOS indexes, is centered at zero, meaning that values greater than zero are

consistent with growth. In general, the TMOS employment index tracks changes in Texas payroll

12



employment growth data from the Bureau of Labor Statistics, the timeliest and most
comprehensive official indicator of state economic activity (even though the data are released

with a lag and heavily revised in subsequent months).

Chart 1. TMOS Employment Index Tracks Monthly Changes in Texas Employment

TMOS index, 3SMMA M/M growth rate, 3MMA, percent
50 1 r 1.0
40 4 Fo0s8
30 4 F 0.6
20 1 F 0.4
10 4 F 0.2

0 — —— T T T —— T T — — T T 0.0
-10 F-0.2
-20 + F-0.4
230 4 F-0.6
40 L 0.8
-50 - L 10

'07 '08 '09 '10 '11 '12 '13 '14 '15 '16 '17 '18 '19 20 21 '22 '23
NOTE: Data are monthly through October 2023.
SOURCES: Bureau of Labor Statistics; Texas Workforce Commission; Federal Reserve Bank of Dallas' Texas Manufacturing Outlook Survey.

Several studies have explored how well surveys of business activity correlate with regional
economic indicators. Trebing (1998) finds that the Philadelphia Fed’s Manufacturing Business
Outlook Survey (MBOS) employment index was positively correlated with month-over-month
changes in manufacturing employment and average manufacturing workweeks in the Third
Federal Reserve District. Harris et al. (2004) show that the Richmond Fed’s Fifth District Survey
of Manufacturing Activity headline index highly correlates with Fifth District personal income.
In addition, the authors find that the survey’s employment index leads changes in the Fifth

District’s manufacturing employment by one quarter. Keeton and Verba (2004) show the Kansas

13



City Fed’s employment indexes from the Survey of Tenth District Manufacturers provide
substantial information about current and future growth in Tenth District manufacturing

employment.

Survey indexes may also provide additional information about regional indicators beyond that
contained in their past values. Trebing (1998) regressed monthly changes in U.S. manufacturing
production index against 12 lagged values of change in the index plus Philadelphia’s MBOS
general activity index and finds that the model was able to account for 14 percentage points more
of the monthly variation in U.S. manufacturing production when the MBOS diffusion index was
added to the regression. Similarly, Keeton and Verba (2004) regressed monthly changes in Tenth
Federal Reserve District employment on lagged values of changes in district employment plus
the Kansas City Fed survey’s manufacturing composite index and find that explanatory power

substantially increases after including the survey index in the regression.

Following the steps of previous studies, we regressed monthly changes in Texas employment on

its lagged values plus TMOS indexes to test if the survey indexes provide any information about

current employment growth beyond that contained in past values of employment growth. The lag
length of k=3 was chosen following the Akaike Information Criterion (AIC). We used the

following equation:

k
ATXEMPL, = f, + B;TMOS, + Z aj ATXEMPL,_j + u, (1)

Jj=1

where ATXEMP: is the log difference in Texas employment and 7TMOS:; is the index variable in

levels. The expected sign of the TMOS: coefficient is positive and ; should be seen as the
14



change in the job growth rate that corresponds to a one-point increase in the value of the index.

The year 2020 was excluded because of the initial disruption from the COVID-19 pandemic.

Regression results show that the three prior values of employment growth explain 33 percent of
the change in a given month’s employment growth. Adding TMOS variables to these lagged
values of employment growth provides an additional 14 percentage points of explanatory power
as evidenced by the adjusted R? values noted in Table 3. All coefficients are statistically
significant and with the expected sign. According to the regression results, each one-point
increase in the TMOS employment index, for instance, implies a 0.01 percentage point increase
in the monthly change of Texas employment. The TMOS employment and capacity utilization

indexes show the best fit.

Table 3 also shows the breakeven point, a value for the TMOS index that is consistent with no
change in Texas employment growth. The breakeven point is equal to the negative of the ratio of
the estimated intercept and slope coefficient. For example, if in equation (1) ATXEMP: is zero—
that is, no change in employment from the previous month—and S, is 5 and f; is 2, then the
TMOS breakeven point should be -2.5 to be consistent with no change in state employment. Only
values above the breakeven point suggest growth for the current month, and values below the
breakeven point suggest a decline. Breakeven points for additional TMOS indexes can be found

in Appendix Al.

15



Table 3. Texas Employment Growth Regressions

Coefficient Adjusted Breakeven

TMOS Index (t statistic) R? point
No index 0.328
Labor market indexes
Employment 0.012

(7.105) 0.472 -8.168
Hours worked 0.010

(6.387) 0.449 -9.955
Future employment 0.006

(5.328) 0.416 5.810
Output indexes
Capacity utilization 0.009

(6.593) 0.455 -6.048
Unfilled orders 0.010

(6.284) 0.446 -13.800
Growth rate of orders 0.007

(6.187) 0.443 -15.615
New orders 0.006

(6.116) 0.440 -10.563
Production 0.008

(5.895) 0.433 -5.040
Shipments 0.007

(5.803) 0.431 -7.435
Capital expenditures 0.009

(5.399) 0.418 -7.645

NOTES: Table displays the 10 TMOS indexes that are most highly correlated with Texas employment. The period is
2007:05 to 2023:10, excluding 2020 because of the initial disruption from the COVID-19 pandemic. Texas
employment is in log difference. Regressions include three lags of employment growth.

Economic Activity

We also used regression analysis to ascertain whether TMOS indexes have statistically

significant explanatory power for quarterly state real GDP growth, and we find that they do. The

prior quarter’s real GDP growth explains only 10 percent of the variation in real GDP growth in

a given quarter. The addition of TMOS indexes pushes the adjusted R? up as high as 38 percent.

16



The model excludes 2020 and includes a one-quarter lag (k=1) to account for any variation

explained by the previous quarter’s real GDP growth and was as follows:

k
ATXGDP, = By + p,TMOS, + Z a; ATXGDP,_; + u, )
=1

ATXGDP, is real GDP growth from period t-1 to t, and TMOS, represents the level of a given
TMOS diffusion index in period t. Table 4 lays out the regression results for the most relevant
indexes. Business activity is the TMOS index with the most explanatory power for Texas real
GDP, followed by company outlook and growth rate of orders. Chart 2 shows the three-month
moving average of the TMOS business activity index alongside a three-quarter moving average

of Texas real GDP growth and illustrates that they track each other closely.

Chart 2. TMOS Business Activity Index Correlates Well with Changes in Texas Real GDP

TMOS index, 3-quarter MA Q/Q growth rate, 3-quarter MA, percent
40 -

30
20

10 1

T T T T T 1
S = N W ks O

0 T T T T 77— L T - T T T —T T T AW A —

-10 4

-20 4

30 4

-40 -

50 4

T T T T T T
' ' ' ' ' ' ' ' '
R e T e e Y S e N

-60 -
'07 '08 '09 '10 '11 12 '13 '14 '15 '16 17 '18 '19 20 21 22 '23
NOTES: Chart displays the TMOS index most highly correlated with Texas gross state product. Data through Q1 2023.
SOURCES: Bureau of Economic Analvsis. Federal Reserve Bank of Dallas' Texas Manufacturing Outlook Survev.
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A 1-point increase in the business activity index implies a 0.03 percentage point increase in
Texas quarterly real GDP growth. For each regression, we also calculated a breakeven point,
dividing the negative estimated intercept by the slope, to identify the level for the TMOS index
that is consistent with no change in Texas real GDP growth. Breakeven points for additional

TMOS indexes can be found in Appendix A2.

Table 4. Texas Real GDP Regressions

Coefficient Adjusted Breakeven

TMOS Index (t statistic) R? point
No index 0.096
Sentiment indexes
Business activity 0.030

(5.165) 0.377 -28.095
Company outlook 0.036

(4.558) 0.329 -18.630
Output indexes
Growth rate of orders 0.039

(4.525) 0.327 -21.390
Capacity utilization 0.045

(4.338) 0.312 -10.642
New orders 0.036

(4.314) 0.310 -17.386
Production 0.045

(4.307) 0.309 -9.301
Unfilled orders 0.051

(4.208) 0.309 -17.778
Shipments 0.043

(4.267) 0.306 -11.795
Labor market indexes
Hours worked 0.043 0292 15.340

(4.088) ' e

(3.725) ' o

NOTES: Table displays the 10 TMOS indexes most highly correlated with Texas real GDP. The period is 2007:Q3

to 2023:Q1, excluding 2020 because of the initial disruption from the COVID-19 pandemic. Texas real GDP is in
log difference. Regressions include one lag of real GDP growth.
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Inflation

Texas headline CPI—which is a weighted average by labor force of the metropolitan area CPIs
for Houston and Dallas-Fort Worth—can be volatile, yet TMOS indexes are able to explain a
significant amount of variation in it. As expected, the survey’s price indexes are more highly
correlated with CPI compared with output or labor market indicators. Chart 3 shows the six-
month moving average of the prices paid for raw materials index, along with the six-month

moving average of the monthly percent change in Texas headline CPI.

Chart 3. TMOS Prices Paid for Raw Materials Index Highly Correlated with Texas CPI

TMOS index, 6MMA M/M growth rate, 6MMA,, percent
100 - - 1.2

TMOS Prices Paid for Raw

Materials Index
75 -
L 08
50 4 F 0.6
F 0.4
25 -
L 0.2
0 0

Texas CPI X L 02
225 4
F -0.4
_50 4 - -0.6
07 08 '09 '10 '11 '12 '13 '14 '15 '16 '17 '18 '19 20 21 22 23

NOTE: Data through October 2023.
SOURCES: Bureau of Labor Statistics, Federal Reserve Bank of Dallas' Texas Manufacturing Outlook Survey.

19



As with employment and GDP, we conducted regression analyses to find the explanatory power
of TMOS indexes and changes in state CP1. Our headline CPI model excludes 2020 and uses a

two-month lag (k=2). The model was:

k
j=1

ATXCPI, represents the log change in the headline CPI. Table 5 displays the results. The baseline
model explains 53 percent of CPI variation, then TMOS adds 15 percentage points to the
explanatory power of the two prior CPI growth readings alone. Indexes for prices paid for raw
materials and current and future prices received for finished goods perform best. A 1-point
increase in the prices paid for raw materials index implies a 0.004 percentage point increase in

Texas headline CPI growth.
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Table 5. Texas CPI Regressions

Coefficient Adjusted Breakeven

TMOS Index (t statistic) R? point
No index 0.529
Price indexes
Prices paid for raw materials 0.004

(5.451) 0.679 -7.512
Prices received for finished goods 0.006

(5.178) 0.674 -14.585
Future prices received for finished goods

P 8 0.005 0.662 -2.215

(4.355)
Labor market indexes
Wages and benefits 0.006

(4.188) 0.659 2.460
Future wages and benefits 0.006

(4.184) 0.659 20.090
Hours worked 0.005

(3.633) 0.652 -17.823
Output indexes
Delivery time 0.006

(3.491) 0.650 -16.947
Capacity utilization 0.004

(3.178) 0.646 -17.014
Capital expenditures 0.004

(2.994) 0.644 -17.929
Production 0.003

(2.951) 0.644 -17.425

NOTES: Table displays the 10 TMOS indexes most highly correlated with Texas headline CPI. Full results are

shown in Appendix A3. The period is 2007:04 to 2023:10, excluding 2020 because of the initial disruption from the
COVID-19 pandemic. Texas headline CPI is in log difference. Regressions include two lags of Texas headline CPI

growth.

5. TMOS Indexes and Forecasting Regional Economic Indicators

In addition to analyzing the explanatory power of concurrent economic data, TMOS indexes can

also be evaluated based on their ability to forecast economic data. Schiller and Trebing (2003)

find the Philadelphia Fed’s MBOS is as accurate as national surveys in predicting the monthly
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change in the U.S. industrial production index for manufacturing.” Harris et al (2004) find that
the Richmond Survey of Manufacturing Activity adds to the ability to forecast the manufacturing
PMI from ISM, especially when combined with the Philadelphia Fed’s Manufacturing Survey
results. Kerr et al (2014) find that the Dallas Fed’s Texas Manufacturing Outlook Survey

performs well forecasting the ISM manufacturing index and U.S. industrial production.

Lagged models were used to forecast changes in Texas employment and headline CPI. In the
case of Texas real GDP growth, the use of TMOS data does not result in a better forecast over

the sample period—the basic model with one lag of GDP growth outperformed the indexes.
Employment

Multiple TMOS variables outperformed the baseline model (Table 6). The employment index
contributed the most to improved accuracy of the forecast for monthly changes in Texas
employment as indicated by the lowest root mean squared forecast error (RMSFE), followed by
future employment and hours worked. There was a total of 14 TMOS indexes that outperformed

the baseline model (full results shown in Appendix A4).

7 More recently, the Philadelphia Fed released a 2018 article showing the current general activity index's predictive
power of U.S. recessions.
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https://www.philadelphiafed.org/-/media/frbp/assets/economy/articles/economic-insights/2018/q4/eiq418-mbos.pdf

Table 6. Forecasting Changes in Texas Employment

TMOS Index RMSFE
Employment 0.851
Future employment 0.901
Hours worked 0.913
Capital expenditures 0.921
Unfilled orders 0.928
Baseline model 1

NOTES: A lower relative root mean squared forecast error (RMSFE) indicates better forecasting performance.

The baseline model has three lags of Texas employment growth and no TMOS index. The sample period is May
2007 to March 2022, excluding 2020; forecasts run from April 2022 to March 2023. Each entry represents a separate
regression, and all include three lags of the dependent variable (Texas employment growth). The top five best
performing TMOS indexes with the lowest RMSFE are included.

Inflation

Current and future wages and benefits indexes are best suited for forecasting Texas CPI changes
(Table 7). Prices received for finished goods and three other TMOS indexes are also useful in

predicting changes in CPI (full results shown in Appendix AS).

Table 7. Forecasting Changes in Texas CPI

TMOS Index RMSFE
Wages and benefits 0.826
Future wages and benefits 0.913
Prices received for finished goods 0.927
Employment 0.944
Delivery time 0.989
Baseline model 1

NOTES: A lower relative root mean squared forecast error (RMSFE) indicates better forecasting performance.
The baseline model has two lags of Texas CPI growth and no TMOS index. The sample period is May 2007 to
March 2022, excluding 2020; forecasts run from April 2022 to March 2023. Each entry represents a separate
regression, and all include two lags of the dependent variable (Texas CPI). The top five best performing TMOS
indexes with the lowest RMSFE are included.
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6. Summary

The Texas Manufacturing Outlook Survey, a monthly survey of the state’s manufacturing sector
conducted by the Dallas Fed, tracks economic activity in Texas in a timelier manner than other
data available. TMOS indexes help explain up to 47 percent of monthly changes in Texas total
nonfarm employment, which is the best official measure of state economic conditions but is
released with a three-week lag and subject to revision. They also help account for up to 38 and

68 percent of variation in quarterly Texas real GDP and monthly headline CPI, respectively.

Forecasting exercises show that several TMOS indexes, particularly employment and future
employment, are powerful in predicting future changes in Texas employment. The TMOS wages
and benefits index, as well as the future wages and benefits index, best help forecast state

headline CPI movements.
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8. Appendix

Table Al. Texas Employment Regressions

TMOS Index Constant Coefficient Adjusted Break-even
(t statistic) (t statistic) R? Point*
Empléymeft. | (3-_%9151 ) (‘;-2 1)25) 0.472 8.168
Capacity utilization ((;%Z‘é ) (%(;%93) 0.455 -6.048
Hours worked ((4)1(;96?3 ) (%gg;) 0.449 -9.955
Unfilled orders ((;19‘;%) (%glga) 0.446 -13.800
Growth rate of orders ((;-.IO(B : (%—2%77) 0.443 -15.615
New oréers (2-3651 ) (%:(1266) 0440  -10.563
Pr(?ductlon (g%z 95) (%%%i_) 0.433 -5.040
Shlp.ments | &%59 %) (‘;-%%73) 0.431 -7.435
Capital expenditures 0(;)?8 ((;(;%99) 0.418 7 645
Future empl.oyment B (:(1(4)‘391) ((;(;g% ) 0416 5210
General business activity (()4018 95) (%g(:é) 0.414 -21.039
C(?mpany éuﬂook | ?392612) (()59?55) 0.411 -12.450
Prices rece.lved for ﬁn.lshed goods ((;%7933) (%%(161) 0.407 -12.060
Futl.lre cap-ltal expenditures (—_(()) % 1669 : ((3‘(;%61 ) 0.401 2418
De.hvery .tlme | &1&%) (()4(.)4(1)79) 0.392 -11.566
Prices pal(.i for raw maj[erlals | ()((())g ((4)1(;(2)52 ) 0.389 -5.338
Future ﬁnlshed. goods inventories ((;(E)g‘; : ((;%%Z%) 0.379 -11.532
Future produ.ctlon. N (—_(;(is;:l}, : ((;(;(())4; ) 0377 19.977
Future ca%)acrty utilization (‘_%%185 ) (%%(;‘;) 0.376 17.775
Future sh'lpment's | (‘_%%%2) (g%(;‘;) 0.376 18.908
Future prices paid for raw materials (-_(133796) (g(;(ﬁ ) 0.372 11.247
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Future prices received for finished 0.000 0.004

e (:0.007) (3.56) 0.369 0.037

Future new orders (‘226162) (g?g;) 0.367 17.858
Future growth rate.of orderis | (—_(i(;éiéé : ((;(‘)‘(‘)é ) 0.366 10.688
Future general business activity 8%2753) (22231 ) 0.365 -10.439
Future company outlook ?00?13) ((;g(é?é : 0.364 20.819
Wages and benefits (:(())%2662) ((;2361) 0.364 4.320

Future hours worked (%(1233) ?30?96) 0.361 -0.529
Future wages and benefits (-(11918?5) (%%%69) 0.356 21.135
Future unijllled o'rders 8(;123 ) (‘;%59 ; 0.353 -6.223
Fl-,ltl‘.lre delivery ‘tlme | (222326 : (%(;%71) 0.351 -11.122
Finished goods inventories (327652 ) 8(;(()% ) 0.333 -22.169

*The break-even point is defined as the level of the diffusion index consistent with no change in the underlying official statistic
according to the regression model. It is equivalent to the negative of the ratio of the estimated intercept and slope coefficient.
NOTES: Indexes are ordered by adjusted R2. Regressions are based on the estimation period 2007:05 to 2023:10,

excluding 2020. Regressions include three lags of employment growth. Texas employment is in log difference.
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Table A2. Texas Gross Domestic Product Regressions

TMOS Index

Business activity
Company outlook

Growth rate of orders
Capacity utilization

New orders

Production

Unfilled orders

Shipments

Hours worked
Employment

Future business activity
Capital expenditures
Future hours worked
Future capital expenditures
Future employment

Future finished goods inventories
Future shipments

Future growth rate of orders
Future company outlook
Future capacity utilization
Delivery time

Future delivery time

Constant
(t statistic)

0.846
(6.197)
0.674
(5.156)
0.841
(5.834)
0.483
(3.73)
0.626
(4.787)
0.419
(3.177)
0.909
(5.841)
0.512
(3.953)
0.659
(4.915)
0.562
4.21)
0.430
(3.135)
0.518
(3.849)
0.176
(1.038)
0.164
(0.951)
0.099
(0.526)
0.769
(4.958)
-0.293
(-0.965)
-0.090
(-0.364)
0.261
(1.582)
-0.287
(-0.926)
0.689
(4.619)
0.730
(4.623)

Coefficient
(t statistic)

0.030
(5.165)
0.036
(4.558)
0.039
(4.525)
0.045
(4.338)
0.036
(4.314)
0.045
(4.307)
0.051
(4.298)
0.043
(4.267)
0.043
(4.088)
0.036
(3.725)
0.023
(3.627)
0.038
(3.571)
0.057
(3.513)
0.034
(3.478)
0.029
(3.363)
0.050
(3.2)
0.029
(3.059)
0.030
(3.039)
0.024
(3.027)
0.030
(2.965)
0.039
(2.848)
0.055
(2.675)

Adjusted Break-even

R?
0.377
0.329
0.327
0.312
0.310
0.309
0.309
0.306
0.292
0.263
0.255
0.251
0.247
0.244
0.235
0.223
0.212
0.211
0.210
0.205
0.197

0.185

Point*

-28.095

-18.630

-21.390

-10.642

-17.386

-9.301

-17.778

-11.795

-15.340

-15.755

-18.570

-13.731

-3.079

-4.824

3414

-15.440

10.225

2.997

-10.954

9.724

-17.671

-13.162
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Future prices paid for raw materials 0.030 0.019

| (0.125) (2.617) 0.181 -1.602
Future production (_-(())262957 ) (322156 ) 0.181 8.968

Future new orders (_%2199) (%%%2) 0.180 6.311

Fu.ture un'ﬁlled orders | 8'@%25 ) (%g‘;%) 0.174 -12.162
Prices pa1-d for ravil materials | (332%25 : ?;2;) 0.172 -30.087
Z(I;:)ljirse prlc'es recelved.for finished 8371(;) (3%1975) 0.147 -15.845
Prices received for finished goods ((;55 1;71) 8%16‘; ) 0.140 -35.869
Future wages and benefits (_%3252 ) 8(;155) 0.128 4.646

V\'fa'ges and bene'ﬁts | 83555 15) 8%1716) 0.099 -31.916
Finished goods inventories ((;62(4)‘(4)‘ : ((())(; gg) 0.086 -57.001

*The break-even point is defined as the level of the diffusion index consistent with no change in the underlying official statistic
according to the regression model. It is equivalent to the negative of the ratio of the estimated intercept and slope coefficient.

NOTES: Indexes are ordered by adjusted R2. Regressions are based on the estimation period 2007:Q3 to 2023:Q1,
excluding 2020. Texas real GDP is in log difference. Regressions include one lag of real GDP growth.
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Table A3. Texas Headline CPI Regressions

TMOS Index

Prices paid for raw materials
Prices received for finished goods
Future prices received for finished
goods

Wages and benefits

Future wages and benefits

Hours worked

Delivery time

Capacity utilization

Capital expenditures

Production

Employment

Future prices paid for raw materials
Growth rate of orders

New orders

Future employment

Future finished goods inventories
Finished goods inventories
Future capital expenditures
Unfilled orders

General business activity
Shipments

Company outlook

Constant
(t statistic)

0.029
(1.544)
0.081
(4.983)
0.011
(0.493)
-0.014
(-0.498)
-0.113
(-2.316)
0.080
(4.786)
0.095
(5.441)
0.064
(3.663)
0.068
(3.919)
0.059
(3.258)
0.070
(4.049)
0.006
(0.197)
0.094
(5.262)
0.078
(4.606)
0.029
(1.17)
0.091
(5.087)
0.099
(5.148)
0.042
(1.796)
0.099
(5.052)
0.086
4.91)
0.070
(3.946)
0.077
(4.488)

Coefficient
(t statistic)

0.004
(5.451)
0.006
(5.178)
0.005
(4.355)
0.006
(4.188)
0.006
(4.184)
0.005
(3.633)
0.006
(3.491)
0.004
(3.178)
0.004
(2.994)
0.003
(2.951)
0.003
(2.925)
0.003
(2.88)
0.003
(2.818)
0.003
(2.808)
0.003
(2.659)
0.004
(2.436)
0.004
(2.339)
0.003
(2.222)
0.003
(2.165)
0.002
(2.087)
0.002
(2.059)
0.002
(1.802)

Adjusted Break-even

R?
0.679
0.674
0.662
0.659
0.659
0.652
0.650
0.646
0.644
0.644
0.643
0.643
0.642
0.642
0.641
0.638
0.638
0.637
0.636
0.635
0.635

0.633

Point*

-7.512

-14.585

-2.215

2.460

20.090

-17.823

-16.947

-17.014

-17.929

-17.425

-21.126

-2.102

-32.039

-28.276

-10.392

-22.253

-23.048

-16.228

-30.333

-56.102

-30.818

-46.061
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Future delivery time 0.088 0.003

| 4737) (1.393) 0.631 -27.564
Future shipments | . ((())%32 % ; 8%%18) 0.630 24.654
Future general business activity ((;%Zé : 8(())(;17) 0.629 -89.630
Future Comp‘ilny o.uflooik (%.%6556 ; ((())..%(4)116) 0.629 -73.960
Future capacity utilization 8%‘;?;) (%%313) 0.629 -44.839
Future hours W.orked (g(igi ) (%%(;25) 0.628 -42.031
Future production (()103562) (%(;%11) 0.628 -64.687
Future growth rate of orders 8%6216) (%%(;17) 0.628 -76.780
Future new orders 8%1 76) (%%%) 0.628 -80.500
Future unfilled orders (3-.385% : ('_%g% 0.627 129.694

*The break-even point is defined as the level of the diffusion index consistent with no change in the underlying official statistic
according to the regression model. It is equivalent to the negative of the ratio of the estimated intercept and slope coefficient.
NOTES: Indexes are ordered by adjusted R?. Regressions are based on the estimation period 2007:04 to 2023:10,

excluding 2020. Texas headline CPI is in log difference. Regressions include two lags of Texas headline CPI growth.
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Table A4. Texas Employment Forecasts

TMOS Index RMSFE
Employment 0.851
Future employment 0.901
Hours worked 0.913
Capital expenditures 0.921
Unfilled orders 0.928
Prices received for finished goods 0.937
Future capital expenditures 0.951
Future finished goods inventories 0.956
Future wages and benefits 0.974
Prices paid for raw materials 0.981
Delivery time 0.981
Future prices received for finished goods 0.987
Wages and benefits 0.991
Future hours worked 0.994
Finished goods inventories 1.006
Future unfilled orders 1.007
Future delivery time 1.018
Capacity utilization 1.028
Future company outlook 1.042
Future prices paid for raw materials 1.048
Growth rate of orders 1.051
Future general business activity 1.054
General business activity 1.055
Future capacity utilization 1.057
Production 1.066
Future production 1.077
Shipments 1.085
Company outlook 1.086
New orders 1.095
Future growth rate of orders 1.116
Future shipments 1.148
Future new orders 1.165

NOTES: Forecasts were based on regressions estimated from 2007:05 to
2022:03, excluding 2020, and a forecasting period of 2022:04 to 2023:03. Texas
employment is in log difference.



Table AS. Texas Headline CPI Forecasts

TMOS Index RMSFE
Wages and benefits 0.826
Future wages and benefits 0.913
Prices received for finished goods 0.927
Employment 0.944
Delivery time 0.989
Finished goods inventories 0.996
Future unfilled orders 1.029
Hours worked 1.045
Capital expenditures 1.046
Capacity utilization 1.078
Future hours worked 1.083
Unfilled orders 1.096
Future capital expenditures 1.108
Future employment 1.126
Future finished goods inventories 1.127
Production 1.129
Shipments 1.140
Future prices received for finished goods 1.163
Prices paid for raw materials 1.166
General business activity 1.180
Future delivery time 1.185
Future general business activity 1.221
Company outlook 1.232
Future company outlook 1.238
Growth rate of orders 1.255
Future growth rate of orders 1.276
New orders 1.279
Future production 1.306
Future capacity utilization 1.320
Future prices paid for raw materials 1.393
Future new orders 1.395
Future shipments 1.446

NOTES: Forecasts were based on regressions estimated from 2007:05 to 2022:03,
excluding 2020, and a forecasting period of 2022:04 to 2023:03. Texas headline
CPlI is in log difference.



	1. Introduction
	2. TMOS Methodology
	Survey Design and Implementation
	Seasonal Adjustment
	Representativeness of the TMOS sample
	Maintaining the TMOS Sample

	3. TMOS Contribution to Regional Analysis
	Large Size of Manufacturing Sector
	Survey Collection Period
	Survey Indexes
	Survey Sample

	4. TMOS Performance with Regional Economic Indicators
	Economic Activity
	Inflation

	5. TMOS Indexes and Forecasting Regional Economic Indicators
	Employment
	Multiple TMOS variables outperformed the baseline model (Table 6). The employment index contributed the most to improved accuracy of the forecast for monthly changes in Texas employment as indicated by the lowest root mean squared forecast error (RMSF...
	Inflation

	6. Summary
	7. References
	8. Appendix



