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a b s t r a c t

Quick response (QR) system is a well-established industrial practice in fashion apparel. It
aims at enhancing inventory management by reducing lead time. In addition to employing 
a faster delivery mode, QR can be achieved by local sourcing (instead of offshore sourcing ).
This paper analytically studies how a properly designed carbon footprint taxation scheme 
can be impo sed on a QR system to enhance environmental sustainability via employing a
local manufacturer by offsetting the probable higher total logistics and production costs. By
examining both the single-ordering and the dual-ordering QR systems, we illustrate how 
the carbon footprint taxation scheme affects the optimal choice of sourcing decision. Our 
analytical findings reveal that a properly designe d carbon footprint taxation scheme by
governing body not only can successfully entice the fashion retailer to source from a local 
manufacturer, but it can also lead to a lower level of risk for the fashion retailer. A mean- 
risk improving scenario hence results and it provides a significant incentive to convince the 
fashion retailer to support the idea of joining QR when the carbon footprint tax is in place.

� 2013 Elsevier Ltd. All rights reserved.

1. Introductio n

Environm ental sustainab ility is receiving more and more public awareness all around the globe (Nagurney and Yu, 2012 ).
There are many reports and scientific studies which indicate that the world is facing very serious environm ental problems 
(see Lee, 2011 ). This issue is especiall y prominent in industries such as fashion apparel because the fashion supply chain is
known to create all kinds of pollutants (de Brito et al., 2008; Caniato et al., 2012; Lo et al., 2012; Perry, 2012 ). Measures to
stop environm entally unsustainabl e production, distribut ion and consumptio n are hence necessary (see Song and Leng, 2012 
for the discussions on carbon trading quota, tax and other related sustainability measures). Among these measure s, a recent 
proposal is to impose carbon footprint tax 1 (Larsen et al., 2012 ) as a kind of environm ental protecti on tax on business oper- 
ations. One idea of this kind of carbon footprint tax is to penalize companies on environm ental-unfrie ndly ‘‘long-di stance’’ pro- 
duction and distributio n via increasing the tax on them (Gemechu et al., 2012 ). For example, if a fashion retailer chooses to
source its merchandi se from manufacturer s located far away from the retail market (i.e., offshore sourcing), the correspondin g
long shipping distance will incur a substant ial carbon footprint tax. Thus, the presence of this kind of carbon footprint tax helps 
entice the fashion retailers to source from nearby manufacturers and this will directly lead to reduced pollutan ts and help 
enhance environmen tal sustainabil ity.
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On the other hand, in the fashion industry, in order to cope with the ever changing demand driven by the volatile fashion 
trend in the market, quick response (QR) has been a well-establishe d practice for over two decades (Choi and Chow, 2008 ).
The idea of quick response is to cut lead time and respond fast to market changes. With a reduced lead time, quick response 
helps to match market demand and supply better and this will directly reduce the amount of product leftover as well as the 
need of markdown and salvage of the unsold products. In addition to the implementation of versatile information systems 
(Choi and Sethi, 2010 ), many QR programs also employ local/nearby manufactur ers as suppliers because this strategy can 
ensure a timely inventory supply in response to market demand changes. From this perspective, a QR program with sourcing 
from local manufactur ers is also a program which is environmentall y friendly in the sense that the required carbon footprint 
in shipping is much reduced compared to the sourcing scheme from far-away offshore manufactur ers.

Motivated by the industrial practice of QR in fashion apparel and the proposal of carbon footprint taxation scheme, this 
paper analytically studies how a properly designed carbon footprint taxation scheme can be imposed into a QR system to
enhance environmental sustainabili ty by offsetting the probable higher total logistics and production costs in employing lo- 
cal supplier. By examining both the single-ordering and the dual-ordering QR systems, we illustrate how the carbon foot- 
print taxation scheme affects the optimal choice of sourcing decision. Our analytical findings reveal that a well-des igned 
carbon footprint taxation scheme by governing body not only can successfu lly entice the fashion retailer to source from 
the local supplier, but it can also help to lower the level of risk for the fashion retailer. A mean-risk improving scenario hence 
results and it provides a significant incentive to convince the fashion retailer to support the idea of participatin g in QR in the 
presence of carbon footprint tax.

The organization of the rest of this paper is given as follows. Section 2 presents a concise literature review. Section 3
shows the basic analytical QR model with Bayesian forecast updating and carbon footprint taxation scheme. Section 4 de-
scribes the findings and analytica l results for the case with single ordering. Section 5 presents the dynamic inventory policy 
and insights for the case with dual ordering flexibility. Section 6 concludes the paper with a discussion on future research. To
enhance exposition, all proofs are relegated to Appendix A.

2. Literature review 

This paper relates to two areas in the literature, namely QR programs, and carbon footprint related green operations man- 
agement. We provide a concise review of some recent papers as follows.

QR programs are a well-establishe d industrial practice first implemented in the American apparel industry (Iyer and Ber- 
gen, 1997 ). The features of QR include: (i) reducing lead time (Choi et al., 2003 ), (ii) respondi ng fast to the consumer demand 
(Pourakbar et al., 2009 ), (iii) achieving high inventory service level (Iyer and Bergen, 1997 ), (iv) utilizing market informat ion 
to drive the supply chain operations (Donohue, 2000 ). In the operation s managemen t literature, Iyer and Bergen (1997) pio-
neered a study on QR supply chain with a formal analytical informat ion updating model. They found that under QR in their 
model setting, the retailer is always benefited but the manufactur er suffers if the inventory service level is larger than 50%
(the usual case). With reference to real world industrial practice, they proposed various practical policies, such as wholesale 
pricing commitmen t, service level commitment, and total volume commitment, which can help to achieve Pareto improve- 
ment in the QR supply chain. After that, Gurnani and Tang (1999) considered the optimal inventory policy with dual ordering 
flexibility. They considered the situation that the retailer can place orders at two distinct stages (i.e. time points). At the ear- 
lier stage (Stage 1), the ordering cost is known while the market demand is less accurate. At the later stage (Stage 2), after 
information updating, the market demand is more accurate but the ordering cost is unknown before reaching Stage 2. They 
formulated the problem by using the bivariate normal distribution with which market demand and the information factor 
are modelled. They developed the optimal inventory policy. They examined the cases with worthles s and perfect informat ion 
and generated a number of important insights. Similar to Gurnani and Tang (1999), Choi et al. (2003) examined an optimal 
two-stage two-orde ring policy. By employin g the informat ion updating model similar to Iyer and Bergen (1997), they con- 
structed a dynamic optimization model and derived the optimal inventory policy. They generated further insights by study- 
ing the service level and level of risk associated with the optimal inventory policy. Some other QR related analytica l studies 
include: (i) A mean–variance analysis of QR program and the achievabilit y of supply chain coordination (Choi and Chow,
2008), (ii) a study on whether the manufac turer can benefit from selling to the better forecasting retailer in a supply chain 
context (Taylor and Xiao, 2010 ), (iii) an exploration on unreliable retail inventory problem with a forecast update (Tiwari
et al., 2011 ), and (iv) an analytica l study of multi-item quick response system with budget constraint (Serel, 2012 ). For de- 
tails of more related literature on QR,2 readers can refer to Choi and Sethi (2010) and the referenc es therein.

Green operations managemen t is a very timely area. There are more and more published studies in the literature. For 
example, Sundarakani et al. (2010) investigated the carbon footprint in a supply chain context. They formulated an analytical 
model based on the methods such as long-range Lagrangian and the Eulerian transport. They approximat ed the three-dim en- 
sional infinite carbon footprint model by some finite differenc e methods to enhance the derivation of optimal solution. They 
argued that including carbon footprint into the supply chain model can be very influential. Bae et al. (2011) developed a two- 
stage game theoretic model to explore the managemen t of green transportation fleets. Their model includes factors such as

2 Other industrial prac tices related to QR include vendor managed inventory (VMI) and collaborat ive planning, forecasting and replenishment (CPFR). See Yao
and Dresner (2008) for a related study.
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