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ABSTRACT 
 

Purpose of this paper is to demonstrate the demand of knit apparel products, and make a case for 

implementation of new knitting technologies to further bolster the U.S. reshoring movement. Time-

series forecasting with ARIMA model was applied in analyzing the available data. Major findings 

include that there is a potential for picking knit apparel as a sustained reshoring efforts based on 

the consumer demand for these product categories and a product category for which a major 

investment is warranted.  

 

This study will shed some light on knit apparel imports which have not been studied in the past as 

a possible area of investment for reshoring and technology development. 

 

Keywords: knit apparel industry, time-series analysis, reshoring, U.S. manufacturing, imports and 

demand 

 

INTRODUCTION 

Since the decline of the United States 

textile manufacturing in the 1980s, many 

experts in the industry are skeptical that the 

textile industry will ever truly return with 

“reshoring” efforts. Innovation in business 

has become crucial to the survival of a 

company and economy of countries. The 

textiles industry is no different. We can see 

that innovation has taken many turns over the 

last twenty years, and particularly interesting 

is the development of new knitting 

technologies. Several of these new 

innovations have been touted as the “way of 

the future” for the textile industry, but data 

does not exist to prove these new 

technologies are better business models than 

existing ones due to the infancy of this 

technology.  

The purpose of this study is to 

contribute towards the claim that the knit 

apparel market is growing and should receive 

investment of new technologies. Historical 

import and sales data related to the knit 

apparel industry will be analyzed by the use 

of ARIMA time-series modeling. With this 
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analysis, a case will be made for the 

investment of new knitting technologies and 

reshoring of this category for United States-

based apparel manufacturing.  

 

THE RESHORING OBJECTIVE 

Reshoring of the United States 

manufacturing sector has been a topic of 

interest in recent years as labor costs continue 

to rise in foreign producing countries, most 

notably in China.  Walmart has even joined 

this movement and has spearheaded an 

initiative to produce more of their 

merchandise in the United States by 

committing to purchase $250 billion in 

American-made goods by the year 2023.   

The argument has been made, however, that 

reshoring does not create as many local jobs 

as we’d like. (Ng, 2015) Because labor is 

relatively more expensive in the United 

States, companies must compensate the 

difference with a smaller labor force. This is 

where automation of a production stream is 

of the utmost importance. Without also 

implementing a new technology with high 

automation, there is little hope for any type of 

manufacturing renaissance the American 

people have hoped for. (Fox, 2016) 

There have been skeptics to the 

reshoring movement, as the numbers do not 

support a full shift to manufacturing in the 

United States. Claiming that Chinese labor 

prices are skyrocketing to unbearable levels 

has been somewhat refuted in recent months. 

The Information Technology & Innovation 

Foundation recently estimated the wages of 

Chinese workers to be just 12 percent of 

average U.S. wages in 2015. Though labor 

costs are rising in China, the comparison to 

United States wages is still no contest. To 

avoid these increasing labor costs, companies 

are generally turning to produce in other 

Asian countries, rather than turning to 

reshoring in the United States. (Tate, 2014) 

Many experts would argue the 

purpose of reshoring is to bring jobs back to 

the United States which have been eliminated 

due to outsourcing of labor. (Ng, 2015) It is 

also argued that the true definition of 

reshoring is merely to bring production back 

to the U.S. and the “jobs factor” is only a 

political one.  The jobs that are being 

“brought back” to America are not the jobs 

they are being replaced in other countries. 

Instead, the U.S. must rely on the highly-

skilled labor which resides in this country and 

technologies that automate manufacturing as 

much as possible.  

There still exists several factors that 

contribute towards the decision of a company 

to invest in reshoring of their manufacturing: 

landed cost, hidden cost and risk 

management. Having a complicated and 

lengthened supply chain poses many risks 

that have not been considered in the skeptic's 

argument against reshoring. (Barrentine & 

Whelan, 2015) 

What is often ignored and 

downplayed is the increasing trade deficit, 

which is of high concern to the stability of the 

U.S. economy. Figure 1 shows the United 

States trade deficit from 1992 to 2016. (U.S. 

Census Bureau, 2016) It shows a recent 

uptick in the trade deficit since 2008, yet the 

general trend line is still increasing at an 

alarming rate. This trade deficit has the 

potential to devalue the exchange rate of the 

U.S. dollar and upend the still-recovering 

U.S. economy. (Gabberty & Vambery, 2014) 

With careful consideration, reshoring efforts 

have the potential to turn the trade deficit 

around. (Barrentine & Whelan, 2015) It will 

be a slow process, without instant 

gratification. But like many other virtues in 

life, the best things are worth waiting for.
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Figure 1. United States Trade Deficit of Goods & Services, Retrieved from U.S. Census 

Bureau 

 

 

IbisWorld projects import penetration to 

increase in the manufacturing sector, at an 

estimated value in 2016 of 31.6%. Due to the 

stabilizing economy, outsourcing has 

increased already. Experts are anticipating 

that this trend will continue, but also benefit 

the U.S. manufacturing sector, where the 

product focus will shift to higher quality and 

high-value items. (IBISWorld, 2016) 

 

NEW KNITTING TECHNOLOGIES 

Taking into consideration the need 

for automation in order for U.S. reshoring 

efforts to succeed, the textile industry has 

made great strides in this respect through 

knitting technologies. Complete garment 

knitting has been touted as the “way of the 

future” and experts in the field agree that this 

technology will be the most wide stream 

method of knitting in the 21st century. (Tait, 

2008; Kanakaraj & Ramachandran, 2010) 

Complete garment knitwear is a 

fascinating and cutting edge technology that 

allows a seamless garment to be knit in one 

piece. This eliminates additional production 

steps and wasted material that are typical of 

cut & sew methods. WholeGarment® 

technology was first introduced in 1995 at 

ITMA, by Shima Seiki and since has had 

several iterations by the Japanese machine 

manufacturer. Stoll of Germany has also 

proved themselves as a market leader in this 

technology also by creating their own version 

named- Knit n’ Wear®. (Tait, 2008) Other 

players have also come into this technology 

scene for the overwhelming truth that, this is 

where the industry is heading.  

Seamless knitwear, is arguably the 

most innovative of all knitting ways and has 

been stated as being capable of reducing 

production costs up to forty percent. With 

minimal processing steps upon completion of 

a knitted item, the quantity of labor force 

requirements are significantly less for this 

method of knitting. (Isaacs, 2005) Complete 

garment knitting is technically very complex 
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and requires a highly-skilled workforce to 

operate the machines and software. (Eckert, 

2001) As stated before, the United States 

benefits in its degree of skilled workers- they 

need only the right kind of training for 

complete garment knitting to gain traction.  

Since the seamless knitting 

technologies are computerized there is great 

potential for small production runs with a 

wider range of variety. These machines could 

potentially create custom or made-to-

measure garments. This also means that the 

quality of each piece created repeatedly has 

the ability to remain consistent.  (Tait, 2008; 

Kanakaraj & Ramachandran, 2010) 

 Seamless knitting is gaining 

popularity and has the potential to hold 50% 

of the knitwear industry’s sales within the 

next ten years with sufficient training 

facilities.(Madhumathi, Ramakrishnan & 

Sankaran, 2012)It is also projected to 

continue its growth and potentially be one of 

the largest ‘next generation’ knitting 

technologies. (Rao, 2012) Experts are certain 

complete garment knitting is unlikely to be a 

passing fad and is truly the next step in 

knitwear production. (Millington, 2001) 

 

DEMAND OF KNIT PRODUCTS 

As we have seen thus far, complete 

garment knitting is a very important 

innovation for the textile industry due to its 

production efficiencies through automation. 

This method of production has the potential 

to create specialized products, with minimal 

processing and a reduced labor requirement. 

Since this technology is still in its infancy, 

very little data exists to justify its 

implementation in production, especially in a 

reshoring production scheme.  

However, a very important 

component to this justification is quantifying 

the demand for knitted apparel. If demand is 

increasing, then one could speculate that an 

investment in new technologies like complete 

garment knitting will not be wasted. Per 

capita disposable income is expected to rise 

in the United States, giving consumers the 

ability to spend on nonessential items like 

knit apparel. Demand for clothing is also 

anticipated to increase in the next few years. 

It is also mentioned that niche manufacturers 

will cater to customers who prefer their 

products to be manufactured in the U.S. and 

this domestic demand will increase with time. 

(Haider, 2015) 

Mintel Reports has found that of 

consumers surveyed, 50% of men and 46% of 

women has bought sweaters within the last 

twelve months. (Ghosh, 2016; Smith, 2015)  

Sweaters contain the second largest portion 

of the products and services segmentation for 

NAICS 31519 products in the United States, 

accounting for 23.5%. This is an important 

note to consider when deciding on the type of 

products to create domestically. (Haider, 

2015) 

 Import data already has confirmed 

that the knitting sector is leading, accounting 

for 82% of total garment imports in 2014. 

These import figures only continue to rise. 

(Smith, 2014) A simple logarithm forecast, 

based on clothing import data provided by the 

WTO is found in Figure 2. 
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Figure 2. Authors own, Adapted with WTO Clothing Import Data from 1990-2014 
 

Through the use of time-series 

analysis, financial data can reveal trends that 

might otherwise be over-inflated or under-

inflated. Through import data gathered from 

the Office of Textiles and Apparel (OTEXA) 

of the U.S. Department of Commerce, a 

prediction of knit apparel demand and a 

justification for the investment of knitting 

technologies will be made.  

 

METHODOLOGY 

As we will be forecasting import 

trade of knitted apparel for the United States, 

it is important to consider the evidence that is 

present to project future demand. The time-

series analysis method chosen for this study 

is a univariate Box-Jenkins, or ARIMA 

analysis. This type of forecasting allows for a 

combination or integrated (I) of time series 

and regression methods (“AR”, meaning 

autoregressive and “MA” meaning moving 

average) and is appropriate given the 

historical data provided by OTEXA. ARIMA 

models require two steps: first, to analyze the 

data series and second, to choose the best fit 

forecasting model. Historical data is 

correlated to itself, creating new variables 

based on a series of lags. The benefit to using 

ARIMA over other modeling methods is the 

ability to create explanatory variables and 

identify the lagged demand historical values, 

aiding in projections. (Chase, 2013) ARIMA 

has been used for a wide variety of prediction 

studies related to trade, given a long-range set 

of data provided by governmental 

organizations. (Lu, 2015; Ozbek, Akalin, 

Tpouz & Sennaroglu, 2011; Seyoum, 2007; 

Muhammad, Bashir & Ahmad, 1992) In this 

study, these calculations will be made within 

JMP software, using an autoregressive order 

of 1, and a moving average order of 1.   

The data for this analysis was found 

through the OTEXA website (Appendix A), 

which provides import and export trade data 

for specified groups within the textile supply 

chain. Categories relating to knit apparel 

were analyzed, including: cotton knit shirts, 

wool knit shirts, wool sweaters, man-made 

fiber knit shirts, man-made fiber sweaters, 

silk knit shirts, silk sweaters, silk blend 

sweaters and sweaters made of other non-

cotton fibers. The difference between knit 

shirts and sweaters, depends on the gauge, or 

thickness of knit. What you might expect to 

be considered a “sweater” would in fact be 

considered a knit shirt according to OTEXA. 

For this reason, all categories relating to knits 

were analyzed. Each data set were divided by 

market- “WG” (womens and girls) and “MB” 

(mens and boys). The information was very 

lengthy in content, with product quantity and 

value in U.S. dollars provided for every 

month. To simplify the data, the mean was 

found for a given year, based on the twelve 

months of data displayed. Each product 

category was ultimately added together to 
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understand the total quantity of knit related 

products imported for the years of 1989 thru 

2015. The hope during this analysis was to 

find any positive trend in U.S knit apparel 

imports to suggest a demand of products. 

(OTEXA, 2016) 

 

RESULTS 

The graphs below show the product 

categories with a positive growth trend using 

ARIMA forecasting in JMP. Because these 

are the areas of the knit apparel product sector 

with a positive relationship, attention must be 

paid to why these specific areas are in larger 

demand than others. It can be speculated that 

investing in a technology which specializes 

in manufacturing either wool, “other non-

cotton” fiber, and silk blend sweaters or silk 

knit shirts. 

 

 

 

Figures 3 & 4. Author’s own, ARIMA Forecasting of Wool Sweaters Mean Quantity 

Imports to the U.S., and Silk Knit Shirts Mean Quantity Imports to the U.S. 

 

 

Figure 5 & 6. Author’s own, ARIMA Forecasting of “Other Non-Cotton” Sweater Imports 

to U.S. and Silk Blend Sweater Imports to the U.S.  
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CONCLUSION 

This study demonstrated that the demand of 

knit apparel is sustainable in the United 

States, and asserts the growth is noteworthy 

as a potential area for reshoring within the 

textile industry. Based on the results of the 

ARIMA forecasting in this study, one can 

assert that an investment should be made 

towards an innovation which creates 

sweaters. We may assume with this 

information that consumer demand is driving 

this growth of imports for sweaters. Thanks 

to new innovations like complete garment 

knitting, the United States manufacturing 

sector may be able to grab their piece of this 

pie. Companies are constantly attempting to 

innovate and re-think their manufacturing 

efforts by moving from the lowest wage 

bidding country they can find. Will the textile 

industry recognize this demand growth as 

their opportunity to strike while the iron is 

hot? Or will they continue to scramble and 

find the cheapest labor possible and incur the 

costs and risks associated with outsourcing?  
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APPENDIX A 

Data from OTEXA website - Years 1989-2015 
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