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Abstract
The purpose of this study was to examine the effects of supply chain integration on environmental
performance of food manufacturing companies in Jordan. Data for this study were collected from
one hundred and nineteen food companies. To answer the study questions, and to verify its hypotheses, descriptive statistical tools and linear regression tests were used. The study results indicated that supply chain integration positively affected environmental performance. Additionally,
the results showed that supply chain integration positively affected environmental control and
pollution management.
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1. Introduction
Over the past 15 years, awareness concerning environmental changes was apparently increasing among population and industries. International agencies and national governments have increased their efforts concerning natural resources depletion, ozone depletion, gas emissions and waste reduction. Such efforts entail significant adjustments and changes in production processes and supply chain planning. Therefore, in order to maintain the
same level of production, in an environmentally and sustainable way, the traditional way of managing manufacturing operations has to be modified in order to respond to environmental concerns [1].
Supply chain describes the various processes and procedures starting from acquiring the needed raw materials
from suppliers and ending with the delivery of finished goods to final consumers. Stock and Boyer [2] defined
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SCM as “The management of a network of relationships within a firm and between interdependent organizations
and business units consisting of material suppliers, purchasing, production facilities, logistics, marketing, and
related systems that facilitate the forward and reverse flow of materials, services, finances and information from
the original producer to final customer with the benefits of adding value, maximizing profitability through efficiencies, and achieving customer satisfaction”. Integration was defined as “the quality of the state of collaboration that exists among departments that are required to achieve unity of effort by the demands of the environment” [3]. The definition of supply chain integration is extended in our study to include upstream suppliers and
downstream customers. Supply chain integration has been a challenging task for many companies, despite the
strong consensus over the strategic importance of its implementation (e.g. [4]-[6]).
While reviewing the supply chain related literature, we found that most of the published research focused on
investing the relationship between supply chain integration and operational or business performance (e.g. [7][10]) as well as the linkages between SCI and other operational or business practices (e.g. [11]-[14]). Although
sufficient literature existed concerning green supply chain management, a limited number of research papers attempted to discuss the linkages between supply chain integration and environmental performance. Additionally,
we failed to find published research concerning this relationship in developing countries. Therefore, this study
attempts to address this research gap by investigating the impact of supply chain integration on environmental
performance in a developing country, Jordan.

2. Literature Review
2.1. Environmental Situation in Jordan
Jordan produces significant amount of waste each year. Per capita daily waste in Jordan is around 1kg, and more
than 2 million tons of municipal solid waste is produced per year [15]. Several landfills exist in Jordan. Main
ones are Rusaifeh and Al Ghabawi; they receive daily waste of 60 and 3000 tons respectively. Al Ghabawi is a
sanitary one where gas produced by waste is used for electrical production. The annual medical and hazardous
industrial waste is estimated to be 4000 and 15,000 tons respectively. The recycling rate in Jordan is 5% of the
waste, while in Europe it is around 60%. Jordan imports 98% of its energy needs, at a cost of 25% of its GDP.
Zarqa Governorate industrial plants produce 75% of the total pollution in Jordan [15].
With a 500 million meters deficiency, Jordan is counted the fourth most water poor country. Jordan laws lack
waste management texts, but efforts seem underway. For instance, the Gulf of Aqaba Environmental Action
Plan (GAEAP) calls to audit of power plant, update plans for oil spills, improve air and marine water quality and
manage protected marine areas. The Jordanian wildlife is threatened by industrial pollution. This water shortage
led to the damage of Azraq Oasis. The annual estimated water required for Jordan is approximately one billion
cubic meters. This number is expected to reach 1.5 billion by year 2020. Cities of Amman, Zarqa, Balqa and
Madaba generate 68% of solid chemical waste. Most of the plants in the central region are located in the country’s capital city of Amman and produce chemical products such as detergent and paint. Southern Jordan is
home to only eight chemical plants, these produce 31.5% of the country’s chemical waste. The plants based in
southern cities such as Karak, Maan, Tafileh, and Aqaba produce mainly paint and fertilizers [15] [16]. Jordan is
known for its mineral resources, such as phosphate, potash, uranium, copper, and others. Mining and processing
these minerals, is an internationally significant industry in Jordan. Products obtained from the extraction of these
minerals are increasingly transformed to chemicals then exported. Possessing these resources can be a basis for
downstream cluster of chemical industry [17].

2.2. Supply Chain Integration
SCI has been defined as “the degree to which a manufacturer strategically collaborates with its supply chain
partners and collaboratively manages intra- and inter-organization processes” [5].
Integration between a buying firm and its suppliers and customers occurs in order to improve operations in the
buying firm as well as in the supply network. There is a wide agreement among researchers that internal integration is as important as external integration (e.g. [5] [7] [18] [19]).
One way to view SC integration is based on two perspectives that can be referred to as logistical integration
and technological integration [20]. Both perspectives can include suppliers and customers.
Logistical integration has been investigated under different terms such as supply management [21], supplier
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cooperation [7], and supplier involvement [22]. While several factors can be considered in viewing this perspective of integration, including both informational and delivery aspects [23], many researchers has asserted that the
idea of information flow between supply chain partners is the main predictor of delivery integration and performance [24]-[26]. Thus, logistical integration is an effective and reliable information exchange mechanism in the
supply chain that facilitates delivery activities. Dyer and Nobeoka [27] referred to this type of information as
explicit since it involves easily transferable knowledge. Therefore, high logistical integration is characterized by
timely and effectively information sharing. Moreover, high logistical integration enhances the flexibility and
responsiveness to unexpected situations and facilitates the adaptability of supply chain partners to external requirements and pressures. Information integration is expected to bring different benefits to supply chain partners.
Such benefits include, but not limited to, improved communication, commonly used performance measures and
improvement goals, ability to adapt changes to product specifications, timely received updates concerning delivery status, improved coordination, supported task completion mechanism, and improved technical infrastructure [7] [19] [28] [29]. Examples of shared information among supply chain partners may include production
planning, inventory levels, demand status, lead times, forecasting issues, operating procedures, resources, and
logistics [7] [30]-[32].
Technological integration can be defined as an implicit knowledge sharing between two or more partners in
the supply chain in strategic aspects [20]. Such aspects may include mass customization [33]-[35] and new
product development and design [4] [36]. Information sharing in this type of integration is usually related to
specific projects rather than targeting regular operational activities. This shared information facilitates modifications related to process and product aspects as well as to managerial and administrative aspects. As such, technological integration can be regarded as an effective tool to promote innovative activities [37]. Therefore, the
degree of such integration depends heavily on the quality and amount of shared information as well as on the
degree of involving supply chain partners in process design and new product development activities. Trust and
long-term strategic partnership are major prerequisites for such integration [11] [38]. Technological integration
offers mutual benefits for supply chain partners. For example, supplier having a sound expertise may assist in
process re-design and new product development resulting in increased process effectiveness and shortened new
product launch time [39]. On the other hand, the buying firm may assist its suppliers in achieving a high level of
quality [22] [34], set up time reduction [40], and in development efforts directed towards strategic manufacturing goals [41] [42]. Process integration is often viewed as a vital aspect of SCI and is expected to contribute to
internal operational performance and to external performance to customers and society. It helps in analyzing and
developing operational activities among the supply chain partners to meet certain requirements such as customer
needs, regulations, and mass customization requirements [11] [41] [43] [44].

2.3. Environmental Performance
There is an agreement among researchers that environmental performance lacks a common measure and structure despite the fact that the different measures of environmental performance applied by researchers reflect a
common understanding of the concept to mean the environmental effect of a firm [45]. Environmental performance can be viewed as an outcome of Environmental Management System (EMS) [46]. EMS is defined as
“part of the overall management system that includes organizational structure, planning activities, responsibilities, practices, procedures, processes and resources for developing, implementing, achieving, reviewing and
maintaining the environmental policy” [47]. Sroufe [48] asserted that EMS attempts to enhance compliance and
decrease waste. He pointed to compliance as having effective environmental control that allows the firm to
comply with legal standards. He further indicated that waste reduction is concerned with pollution prevention
starting from the design phase. Whitelaw [49] argued that environmental control includes the identification of all
the environmental sides of the firm’s activities, prioritizing them using logic, and focusing the efforts to find
ways to improve the environmental situation by reducing the environmental effects of significant activities. According to Washington State Department of Ecology [50], pollution prevention was defined as “the use of
processes or practices that reduce or eliminate the use of hazardous substances and the generation of pollutants
or wastes at the source”. They further indicated that successful pollution prevention strategy requires effective
environmental control system that includes prevention policy, execution, and measurement and monitoring.
Papadopoulos and Giama [51] indicated that effective environmental performance should include operative
measures related to waste and pollution as well as management measures related to control procedures by the
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management. Similarly, Chien and Shih [52] measured environmental performance in terms of management
performance concerned with control procedures and operational performance related to pollution and waste disposal.
Based on the above review, we measure environmental performance in terms of the two following dimensions:
Environmental control: Systematic actions undertaken by the firm to promote environmental awareness in
order to recognize, control, and reduce acts causing environmental harm so that to ensure environmental compliance to regulations.
Pollution management: Systematic actions undertaken by the firm to reduce and prevent all sources of waste
that may potentially generate pollution so that the levels of pollution are minimized.

2.4. Supply Chain Integration and Environmental Performance
Dubey et al. [53] using a sample of 174 firms in rubber goods manufacturing companies in India found that supplier integration positively affects environmental performance. Green et al. [54] found that green supply chain
practices implemented by manufacturing companies positively affect environmental performance as well as organizational performance. Hsu and Hu [55] investigated the impact of GSCM on environmental performance in
Taiwanese electronic manufacturing companies. The results revealed positive relationship between GSCM and
environmental performance. Their findings pointed to the crucial role of environmental control procedures such
as product testing reports, management commitment, and the existence of environmental database in enhancing
environmental performance.
Another study conducted in Taiwan by Chien and Shih [52] found that GSCM practices such as green procurement, environmental management of suppliers, and green manufacturing positively affect environmental
performance of electrical and electronic companies. Muma et al. [56] investigated the effect of GSCM on environmental performance in tea processing companies in Kenya. They found that green procurement, green distribution, and green manufacturing were insignificantly related to environmental performance.

3. Theoretical Framework
3.1. Research Framework
The suggested framework for this study is shown in Figure 1. The framework illustrates the effect of SCI on
environmental performance in terms of environmental control and pollution management.

3.2. Research Hypotheses
Green and sustainable supply chain management have emerged due to environmental pressures on manufacturing companies to become environmentally friendly. SCI represents the key factor for such survival strategy. Internal environmental operations, green design, and integration with supply chain partners are regarded as main
green supply chain practices [57]. Green purchasing has been regarded as a vital enabler to facilitate green production [58]. Govindasamy [59] found that environmental purchasing and sustainable packaging were the main
sustainable supply chain management practices to prove their effects on the outcome of sustainable supply chain
performance. Although green supply chain has to be initiated internally, it cannot be successfully implemented
without integrating key suppliers. Supplier integration assists in protecting resources and controlling negative

Figure 1. Research framework.
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effects of production operations. The adoption of green or clean technology should be expanded to include suppliers. Such green technology along the supply chain is expected to reduce pollution levels and to encourage the
use of pollution control facilities. Hall [60] asserted that supplier integration represents key success factor to
achieve environmental change. Such integration will require collaboration in order to assist suppliers in developing environmental capabilities. However, it will require monitoring system in order to inspect suppliers’ operational practices and delivered materials [20]. Awareness of environmental issues should be shared with suppliers in order to assure their understanding of environmental regulations and their willingness to comply with
green supply chain requirements. Such integration is expected to improve environmental control and facilitate
the pollution management resulting in increased environmental performance. Additionally, Internal and crossfunctional integration of information and resources are regarded among main drivers to enhance environmental
practices and, thus, environmental performance [48].
Supply chain integration increases company’s ability to maximize the usage of green resources while minimizing production waste that leads to pollution [61]. Additionally, green and environmentally-friendly supply
chain practices reduce the levels of energy usage, decrease raw materials consumption, reduce inventory levels,
shorten production steps, and result in higher accuracy and lower costs [62] [63]. Moreover, supplier integration
facilitates the reuse and recycling of raw materials, minimizes the risk of violating regulation with regard to environmental issues, and eliminates the production of hazardous components and waste [52].
H1: Supply chain integration is positively related to the environmental performance.
H1a: Supply chain integration is positively related to the Environmental control.
H1b: Supply chain integration is positively related to the Pollution Management.

4. Research Method
4.1. Sample
The population of the study represented all food manufacturing companies in Jordan. The survey questionnaire
method was used to obtain data for this study. The measurement scales were adopted from previous related studies after conducting a thorough review of the published literature. A total of one hundred and fifty companies
were visited personally by the authors in order to improve the representation level. Companies in Jordan usually
do not pay attention to survey questionnaires sent by mail or e-mail, therefore we selected the personal visit approach. One manager was selected from each company to fill out the questionnaire. Those managers included
operations managers, purchasing managers, supply chain managers, and store managers. Some managers promised to fill out the questionnaires later due to their busy schedules; however, not all of them returned the questionnaires. Other managers declined to participate. Ultimately, one hundred and twenty eight questionnaires
were collected. Nine questionnaires were excluded due to different reasons. The number of final usable questionnaires used in the subsequent analysis was one hundred and nineteen representing a response rate of 79.3%.
This response rate is regarded high and very satisfactory compared with other studies in Jordan that selected the
personal visit approach to companies. For instance, Abdallah [64] and Obeidat et al. [65] received response rates
of 59.5% and 52% respectively.

4.2. Instruments
The question items used in our survey were adapted from some previous studies [5] [7] [24] [45] [52]. Our focus
was on ensuring high reliability and validity of our measurement instrument. We used eight question items to
measure supply chain integration. Four question items were used to measure environmental control and five
question items to measure pollution management. We required respondents to answer the question items using
five-point Likert scale where 1 indicated strong disagreement and 5 indicated strong agreement. Next, we used
factor analysis with principal component’s analysis to evaluate the validity of our constructs. Our criterion was
to keep question items that loaded onto one factor with factor loading greater than 0.40 and with eigenvalue for
the factor greater than 1. Two question items did not meet these requirements and were deleted from subsequent
analysis. We used Cronbach’s α-coefficient to assess the reliability of our constructs. All our scales met the
recommended standard of α ≥ 0.60 suggesting that they were internally consistent [66].
Table 1 shows the mean values, standard deviations, and Cronbach’s α-coefficients for our measurement
scales.
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5. Results

We started our analysis by testing hypothesis H1 which indicated that supply chain integration is positively related to environmental performance. Simple regression analysis was used to test the hypothesis. The results of
the regression analysis show that supply chain integration, the independent variable, is highly correlated with
environmental performance, the dependent variable (R = 0.726) as shown in Table 2. The table shows that the
value of R-square, which is the explained variance, is 0.527. This means that 52.7% of the variance (R-square)
in the environmental performance has been explained by the supply chain integration. The t-value of 16.576 is
significant at P < 0.01 level as it is greater than the tabulated value of 1.96. Thus, hypothesis H1 is accepted.
Next, we tested hypothesis H1a which indicated that supply chain integration is positively related to environmental control. Simple regression analysis was used to test the hypothesis. The results of the regression analysis
show that supply chain integration, the independent variable, is highly correlated with environmental control, the
dependent variable (R = 0.646) as shown in Table 3. The table shows that the value of R-square is 0.418. This
means that 41.8% of the variance in the environmental control has been explained by the supply chain integration. The t-value of 13.309 is significant at P < 0.01 indicating that the hypothesis is accepted.
Finally, we tested hypothesis H1b concerning the impact of supply chain integration on pollution management.
In a similar manner to previous hypotheses, simple regression analysis was used. The results of the regression
analysis show that supply chain integration, the independent variable, is highly correlated with pollution management, the dependent variable (R = 0.686) as shown in Table 4. The table shows that the value of R-square is
Table 1. Cronbach’s α-values, means, and standard deviations table type styles.
Measurement scale

Cronbach’s alpha value

Mean

Standard deviation

Supply chain integration

0.683

4.35

0.554

Environmental performance

0.806

3.89

0.842

Environmental control

0.745

3.70

0.961

Pollution management

0.615

4.07

0.724

Table 2. Regression analysis of environmental performance.
Variable
entered

Model
coefficients

(Constant)

−0.406*

SC integration
*

0.726

**

R

0.726

R2

Adj. R2

0.527

Std. error of
the estimate

t

Sig.

−1.544

0.124

0.525

0.52246

16.576

0.000

Adj. R2

Std. error of
the estimate

t

Sig.

−3.180

0.002

**

Unstandardized coefficient; Standardized coefficient.

Table 3. Regression analysis of environmental control.
Variable
entered

Model
coefficients

(Constant)

−1.176*

SC integration

0.646**

*

R

0.646

R2

0.418

0.415

0.73505

13.309

0.000

Adj. R2

Std. error of
the estimate

t

Sig.

0.646

0.519

14.806

0.000

**

Unstandardized coefficient; Standardized coefficient.

Table 4. Regression analysis of pollution management.
Variable
entered

Model
coefficients

(Constant)

0.172*

SC integration

0.686**

R

0.686

R2

0.470

*

Unstandardized coefficient; **Standardized coefficient.
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0.470. This means that 47% of the variance in the pollution management has been explained by the supply chain
integration. The t-value of 14.806 is significant at P < 0.01 indicating that hypothesis H1b is accepted.

6. Discussion and Conclusion
This study attempted to investigate the effect of supply chain integration on environmental performance in food
companies in Jordan. While previous research indicated a positive and significant influence of GSCM on environmental performance in developed countries, lack of studies in developing countries was evident in the published literature. Our results are consistent with the results of other studies conducted in the developed countries
(e.g. [67]-[69]). The results imply that awareness concerning environmental issues is taking place in developing
countries. As environmental pressures on manufacturing companies increase, the challenge will be to select suppliers who are devoted and keen to improve their environmental performance and adapt their operations to green
requirements. Such suppliers should bear in mind that environmentally-friendly manufacturing and supply chain
integration should not imply that quality and cost can be sacrificed [70]. Food companies willing to achieve high
environmental performance have to assist their suppliers in improving their environmental performance. Such
capable and aware suppliers can potentially be integrated into design projects to develop green products [71].
Our findings were inconsistent with the findings of Muma et al. [56] who found insignificant impact of
GSCM on environmental performance in Kenya. Such inconsistency could be attributed to the lack of environmental control in Kenyan companies as opposite to Jordanian food companies. Environmental control allows
companies to enhance environmental performance and set control systems and procedures that assign environmental-related responsibilities to different departments and managers. Prior training to managers and workers is
required in order to establish an effective accountability policy [72].
The results also indicate that pollution management has been significantly explained by the supply chain integration. A major problem in Jordan is that the recycling rate is 5% of the waste compared with a rate of 60% in
Europe [15]. While related governmental agencies face real challenges to increase this low rate, SC integration
represents an essential approach for food companies to reduce their waste and overall pollution. SC integration
promotes environmental practices such as solid return policy, usage of less hazardous materials in the products,
and improvements of the usage of recycled materials. The involvement and education of employee and supply
chain partners stimulate the overall environmental management system and contribute to higher levels of environmental performance.
The limitation of our study is that only food companies are included in our sample. Generally, the environmental situation and awareness in these companies are regarded favorable compared with other manufacturing
sectors. Future studies are needed with a sample representing different manufacturing sectors so that to improve
the generalizability of the results. Another limitation is that contextual factors such as company size, age, and
type are not considered in our study. Such factors may influence the proposed relationship; therefore further
similar studies with contextual factors are needed. Additional limitation exists in this study concerning the validity of the findings. Data were collected from single respondent in each food company. Although this method of
data collection is widely used in empirical studies, multiple respondents each of whom addresses her particular
field of expertise are expected to enhance the validity of the results.
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