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Abstract: To investigate the impact of online advertising and
consumer engagement on profits, an exponential demand
function is proposed to capture user behavior on a social media
platform with a two-echelon supply chain model. According to
the different subjects of advertising cost, three sales models
are proposed: manufacturers bearing advertising cost, retailers
bearing advertising cost, and manufactures and retailers

sharing advertising cost. Meanwhile, three corresponding
mathematical models are constructed for analysis. The
equilibrium results demonstrate that improving consumer
engagement can help the players earn more profits; however,
typical online retailers are often reluctant to bear costs under
any circumstances. When community diffusion is low, social
media platforms are willing to incur a proportion of advertising
costs to attract more user engagement. More meaningful
management insights indicate that community diffusion has a
more significant effect on manufacturers’ profit. In the context
of social media, supply chain players should leverage
advertising to improve social community diffusion rather than
focusing on the cost-sharing ratio.
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ontemporary online platforms are increasingly domi-
Cnating the retail and capital markets in e-commerce.
Successful startups operating as online platforms have be-
come the engines of economic growth in many countries.
The rise of online platforms has thoroughly changed the
landscape of traditional retail and promoted venture cap-
ital prosperity as a new driving force for global economic
growth''". Online platforms create value for users by re-
ducing information asymmetries or addressing their evol-
ving needs. However, because of low switching costs,
modern consumers switch between offline and online
As intermediaries, online platforms must not
only enhance consumer experience and surplus but also
increase customers’ loyalty (such as eBay. com in the

channels™'.
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United States and Taobao. com in China). Advertising is
used as a tool to expand the market and propagate brands
that reach and connect more consumers. Social media
companies often assume a proportion of advertising costs
in the online channel that is shared with online retailers.
The effect of social media advertising on consumer en-
gagement has been illustrated in previous research. For
example, Levi’s released promotional videos for jeans on
Facebook to attract consumers to like and participate in
discussions'”'. Superior advertising generates more user
engagement and purchases. Advertisers have been enthu-
siastically integrating social media into advertising pro-

™1 The role of social

grams to drive digital engagement
media advertising has been assessed in the fields of hospi-
tality, tourism, and travel, with unprecedented opportu-
nities for advertisers to engage and interact with their cus-

5-6 .
%1 Some researchers have examined the effect of

tomers
social media advertising content, referring to user-genera-
ted content or electronic word-of-mouth, on customer en-
gagement by using social media data, such as Facebook
71 determining that advertising attributes,
brand personality, brand customer service, and brand in-

timacy positively influence consumer engagement and

and Twitter'

help firms to improve social media marketing strategies,
while consumers also increasingly rely on social media in-
fluencers, which gives brands some control over the con-
tent. Examining whether consumer engagement produces
a significant return on investment is one of many touch-
points. A growing interest is how to portray the effect of
consumer engagement on social media advertising in a
supply chain model, which this study examines by dig-
ging deeper.

A robust body of literature has contributed work from
the supply chain perspective to systematically investigate
the impact of advertising. Advertising is considered to be
an effective demand generator that amplifies the payoffs
of marketing actors ( manufacturers and retailers). Adver-
tising-dependent demand models have been proposed to
characterize the effects of advertising'"”’. Consumer de-
mand depends on prices and advertising and is generally
described using linear functions. Such models have in-
cluded simple marketing channels that involve only one
supplier and one retailer. Later, more complex structures
that included two suppliers or two retailers were explored
in the supply chain literature. In recent years, cooperative
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advertising, in reference to national and local advertising
expenditure, has emerged as the dominant research direc-
tion, assuming linear functions for the advertising invest-

U721 At the same

ments of manufacturers and retailers
time, nonlinear functions ( power and exponential forms)
and three-level supply chains have also been examined in
previous research'”’.

Social media is increasingly employed as a more perva-
sive platform with which to conduct marketing and adver-
tising activities'*"”'. Its most salient feature is the expo-
nential diffusion of information among network vertices,
requiring a specific model to capture the spread and influ-
ence of such advertising. Social media marketing manag-
ers must adapt to effectively leverage social media plat-
forms to reach consumers. When retailers want to explore
the social media market, advertising investment decisions
should be made based on existing online channel invest-
ments. It is insightful to compare product prices and prof-
its across different online channels ( direct online and so-
cial media channels) to make optimal decisions.

The remainder of this study is organized as follows.
First, a two-echelon supply chain model is developed
with considering the social media advertising. Then,
equilibrium analysis in three scenarios are operated to
figure out optimal results. Consequently,
studies give useful findings of optimal advertising invest-

numerical

ment for the social media platform and profits of three
players.

1 Model

Social media sales have ushered in a new technologi-
cal paradigm, attracting significant advertising invest-
ment. In this study, we examine the differences between
the two channels of advertising investment. The optimal
investments between a normal online channel (A,) and a
social media channel (A,) are deduced using the model.
Typically, a two-echelon supply chain with one manufac-
turer and two retailers, as shown in Fig. 1, is proposed to
examine equilibrium leveraging backward induction. The
decision order moves from the manufacturer that deter-
mines the whole sale price. Retailers resolve the sale price

Manufacturer A/
Online Social | N

w | platform media ~w N\

y channel channel N,
4 Retailer R, Retailer R,
7

| -

2 P -

' | /5
C Consumers )
— Online platform channel; — - —m Social media channel

Fig.1 The supply chain structure considering advertising

based on the advertising undertaker deciding to make
an investment. This process is reversed when using back-
ward induction to deduce the optimal results.

Based on different promotional power, social media
marketing differs from normal online platforms in deter-
mining product sale prices (p, #p,).
function, the online platform follows the traditional linear
function of market demand, while the social media chan-
nel is proposed as an exponential form. The specific func-
tion of increased demand in social media advertising in-
vestment is exponentially expressed. The sale saturation
level is set to M. Parameter E represents consumer en-
gagement and measures the advertising reach and content
engagement among online users, including normal and
social media channels. In this context, consumers who
“like” or “thumbup” the advertisement represent positive-
ly engaged consumers, which measure the active level of
consumer preferences as an exogenous variable. Moreo-
ver, this measure motivates social media platforms to de-
vote more effort toward innovation by altering advertising
content and formats, which renders advertising investment
an endogenous variable. Given the differentiated pricing
across channels and types of engagement, channel compe-
tition is beyond the scope of this study. Better engage-

For the demand

ment is expected to lead to increased consumer demand.
The positive impact of consumer engagement represents
the demand function as follows:

d(pl):al _Bp1+/\El} (1)

d(p,) =a, —Bp, + AE,

where (i =1, 2) is consumer potential for market i, 8
represents sale price, p, indicates the sale price for chan-
nel i, E, denotes consumer engagement investment for
channel i, and A is the level of consumer engagement.

Referencing previous literature'™ '*™*' | this study mod-
els the demand function in the following multiplicative
form:

DOZk\/XId(pl) } 2)

D, =M(1-e ™)d(p,)

where A, is the advertising investment for the normal on-
line platform, A, is the advertising investment for the so-
cial media channel, k is the parameter of the advertising
investment for the normal online platform, n denotes the
advertising investment for the social media channel, and
M is the social media channel’s sale saturation level.

We consider three scenarios in which i) the manufac-
turer independently undertakes the cost of advertising
(such as Apple company advertising), ii) two retailers
assume the cost of advertising on normal and social
media online platforms, advertising on eBay and Face-
book, and iii) the manufacturer separately shares the
cost with the two retailers; for example, Apple ( manu-
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facturer) shares the advertising costs for the iPhone with
JD. com and Tmall. com. Without a loss of generality,
the cost of production is normalized to zero. The manu-
facturer and two retailer profits are expressed in the fol-
lowing equations.

Scenario 1  The manufacturer independently under-
takes the cost of advertising.

The manufacturer pays the fee for advertising, displa-
ying advertisements on online and social media platforms.
The advertising study explores increased market demand
and consumer engagement; thus, the profits of the two re-
tailers (7r,, 7r,) and the manufacturer (77, ) are obtained

m

as follows.

= (p, —w)k /A, (o, -Bp, +AE,)) (3)

m o= (p, —w)M(1 —e ™) (a, -Bp, +AE,)  (4)
m,=wlk JA (a, -Bp, +AE)) +

M(1 —e ™) (a, —Bp, +AE,)] = (A, +A,) (5)

Scenario 2 Normal and social media platforms as-
sume the costs of advertising.

In this scenario, the online and social media platforms
are motivated to advertise to earn more profits, and the
manufacturer benefits considerably without any expendi-
ture. The profit functions are presented in the following
equations:

7w =(p, -w)k /A (a, -Bp, +AE)) =A,  (6)
m = (p, —w)M(1 —e ™) (a, —Bp, +AE,) —A
(7)
T, =wlk ﬂ(al -Bp, +AE) +
M(1-e ™) (a, —Bp, +AE,) ] (8)

Scenario 3  Advertising cost-sharing between two re-
tailers and the manufacturer.
the online and social media platforms
assume a portion of the advertising cost () to share with

In this scenario,

the manufacturer. The profits of three participants in the
supply chain are obtained as follows:

7, =(p, -wk /A (a, -Bp, +AE)) —0A, (9)
m, = (p, —w)M(1 —e ™) (o, —Bp, + AE,) - 6A,
(10)

7o =wlk /A (o, -fp, +AE) + M(1 —e™™) -
(ay, —=Bp, +AE) ] —(1=60) (A, +A,)  (11)

We next examine the optimal results of the game to
determine the most reasonable scenario for the three
players in the supply chain. Revealing the relationships
between advertising investment,
ment, and the three players’ profits could help profes-
sionals to make optimal advertising decisions. The
equilibrium analyses below identify the best solutions
in the different scenarios.

consumer engage-

2 Equilibrium Analysis

2.1 Equilibrium analysis in Scenario 1
Although an exponential function may correspond well

with social media advertising in a social context,

challenging to calculate optimal solutions for prices and
profits,

it is

which is why researchers often employ linear ex-

pressions to portray the effects of advertising'"”'. To over-
come this problem on social media platforms, we refer-
ence Taylor’s formula to break the stalemate'™', rewriting

the function as follows:

2402 3,43 4
T nA, nmA nA
1-e =1 (l—nA2+ TEY + A1

)

Since the value of advertising investment is located in
[0, 1],
sult as follows:

we retain the first two items to obtain the new re-

n'A;
2

1 —6:71’A:27’,A2 -

In most instances, consumers encounter the same mar-
ket, and there are no differences in online advertising en-
gagement, regardless of whether ads are presented on so-
cial media or online shopping platforms.
tionable results, the potential market and consumer en-
gagement are set to a; =, =, E, = E, = E. Conse-

To achieve ac-

quently, the equilibrium results of the three scenarios can
be calculated in further expressions. For Scenario 1, the
equilibrium strategies are illustrated in Lemma 1.
Lemma 1 When the manufacturer independently un-
dertakes the cost of advertising, the equilibrium wholesale
price, sale prices, advertising investment, and players’

profits are as follows:

M _(X+/\E M# _ M= _3(C¥+)\E)
= 28 s> Py =Dy = 48
. K 1 88
Al = +AE =—-
! 256/32(0‘ " N Mn'(a+AE)’
2 2 4 4 2
7 =K (qiap), g M letAE) —64p
25683 32Mn B(a + AE)
2 2 4 4 2
128ﬂ 16Mn B(a + AE) 7

Proposition 1
obtained as follows:

Consumer engagement deviations are

ow" Ao 0Pl _apy 3.

0E "37% oF = oE ~45>°
dAY”
o 6’;;‘7(“,\15) =0
2 16 >0, Ty k’\2\a+)‘E) =0
IE ~ My’ (a +AE) IE 648
am" My’ 4BA
Ll B +AE) + —PA >0
JE 168 HavaB) + T My (a+ AE)
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amn KA s Mn'A 88\
= +AE)" + +AE) -
9E 3232(0‘ ) +7gg (a+AD) My’ (a +AE)’

Lemma 1 and Proposition 1 demonstrate that consumer
engagement leads to increased wholesale price, sales
price, and advertising investment. It is reasonable that
the cost bearer should invest more to attract more consum-
er engagement in advertising. Since the sponsor in this
scenario is the manufacturer, wholesale and retail prices
will rise with consumer engagement; however, retail and
manufacturer profits rise with high consumer engagement,
which indicates that more expenditure on advertising to
promote consumer engagement is beneficial for the whole
supply chain. In this scenario, even if only the manufac-
turer invests in the ad, all players benefit from advertising
and increased consumer interaction.

As shown in Proposition 1, the rates of change for con-
sumer engagement are all positive except for the
manufacturer’s profit. When social media advertising in-

vestment is low, the manufacturer’s profit will decrease to
M =
m

a certain extent. To assure the value =0, a higher

advertising investment () will elicit better consumer en-
gagement and profit, which is also the measurement of
the social community diffusion index. Therefore, for the
manufacturer, it is wise to advertise in a community with
a high clustering coefficient to increase profit.

2.2 Equilibrium analysis in Scenario 2

Lemma 2 When the retailers assume the cost of ad-
vertising, the equilibrium wholesale price, sale price, ad-
vertising investment, and players’ profits are as follows:

WR*_C\(+/\E R+ _ R _3(a+/\E) AR* _L
- ZB ’ p] _pZ - 4B > 2 -
wherein A}" has no optimal value which needs to satisfy
+ . k(a+AE)? /A ,
A -2 — . R = — 1 _ A , M = —
1 O T, 16B 1 KU

M(a+AE)* 1 p  (M+2k . /JA)(a+)E)’
28 g ™ T 168 :
Proposition 2  Changes in consumer engagement are
obtained as follows:

R+ R R* R+
aw =A20’ apilzapiz=37/\>0’ aAZ =0
9E 28 OE ~ OE 48 9E

Im" M\
OE —16’8(a+)\E)>0

Obviously, in Scenario 2, the online-shopping plat-
form cannot achieve optimal profit if it must bear the ad-

vertising cost instead of the manufacturer. In addition,
the manufacturer’s optimal profit cannot be achieved be-
cause the value of advertising investment on a normal
online platform is missing. Surprisingly,
media platform offers a solution in which it bears the ad-

the social

vertising cost. The motivation to assume this cost is to
accelerate community dissemination and produce an ex-
ponential increase in consumer demand; therefore, high-
er community dissemination requires lower advertising
investment.

In Proposition 2, the two retailers’ wholesale and sale
prices continue to rise as consumer engagement increases.
At the same level of consumer engagement (A) and sale
price (B3), sale prices will rise with a relatively larger ra-
tio. When retailers assume the cost of advertising, con-
sumer engagement has no relation with advertising invest-
ments on normal online shopping or social media plat-
forms. The retailers’ marginal profit on the social media
platform is positively correlated with consumer engage-
ment. When considering the strategy of assuming the ad-
vertising cost, the two retailers make radically different
decisions. The normal online platform does not fully ne-
gate the channel cost of advertising to obtain optimal pay-
off, which also results in the manufacturer not obtaining
optimal profit, while the social media channel is willing
to independently invest in advertising according to recip-
rocal community diffusion(%). It is more beneficial for
the retailer to draw additional consumer engagement in a
highly diffused social media community.

2.3 Equilibrium analysis in Scenario 3

Since the retailer on the normal online channel is reluc-
tant to independently shoulder the burden of advertising,
a cost-sharing strategy is logically proposed to seek an
equilibrium solution. In Scenario 3, each retailer shares
the cost of advertising in a proportion () of the whole
amount with the manufacturer. The equilibrium strategies
are deduced in Lemma 3.

Lemma 3 When two retailers and the manufacturer
share the cost of advertising, the equilibrium wholesale
price, sale prices, advertising investments, and players’
profits are as follows:

cs« _Q+AE 5. cse  3(a+AE)
= 2,3 > Py =P —T
e _ K(a+AE)" oo 1 8B(1-9)
L2568 (1= T T m My'(a+AE)’
s _K(a+AE)'(1-20)
° 2568°(1 - 6)

cs :szf(amE)“ - 8MnBO(a+ AE)’ +64B8°0(1 —0) (e + AE) —648°(1 - 9)°

i 8Mn’B(a + AE)’
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Proposition 3  Changes in consumer engagement are

w

obtained as follows:

CS * CS = CS
ow :izo, py _9p :3—’\20
oE 2B oE oE 4B

QAT A

F :64B2(1_9)2(a+)\E)320
amy" KA1 -20) 5
0E “eag(1-g) @B
om”" _MA _ 16BA6(1 - 6) L 24BA1-6)°
0E 88 Mn'(a+AE)’ Mny'(a+AE)*
CS =

M, KAMa+AE)’ +Mn2/\ Ll -0)°(3 -2a +AE)
E  328(1-6)° 48 My’ (o +AE)*

Lemma 3 indicates that the two retailers’ optimum
wholesale price and sale prices do not change when com-
pared with the first two scenarios. As the range of 6 is
(0, 1), in the same setting of other parameters, the opti-
mal advertising investments on normal and social media
platforms should be committed more than that in Scenario
1, while the social media platform assumes less invest-
ment than when it independently bears the cost of adver-
tising. The results are realistic in accordance with com-
mon sense. Carrying the cost of advertising alone incurs
more expenditure. Since the manufacturer is the item pro-
ducer that seeks to sell the product and establish its brand
through advertising, the normal online retailer may not
have a strong willingness to invest in advertising. In con-
increase demand
among social communities with the help of advertising
due to the effect of exponential diffusion. In addition, to
guarantee the optimal profit for the normal online retailer
(9mS°"), the proportion assumed cannot exceed 50% (1
—-26=0). Determining the optimal profits for the social
media channel retailer and the manufacturer requires nu-

trast, the social media retailer can

merical study after setting the values of parameters in
their expressions.

Proposition 3 illustrates the effects of consumer engage-
ment on prices and profits. Unsurprisingly, continuous
investment in consumer engagement leads to higher
wholesale and retail prices. To attract increased consumer
engagement, advertising investments continuously rise,
even when the manufacturer shares the cost with two re-
different In addition, the
manufacturer’s profit margin is greater than zero, mean-

tailers across channels.
ing that the producer will prefer interaction with custom-
ers, whereas only when the cost-sharing ratio is lower
than 0. 5 will sustainably increasing customer interaction
contribute to profit growth for a normal online retailer. In

the social media channel, the saturation level of sales and

advertising investment has a more important role in deter-
mining profit margins. For advertising cost-sharing in the
social media channel, the social media retailer’s profit
margin is further examined using simulation.

3 Numerical Studies

To clearly investigate changes in the advertising invest-
ments and profits of players in the supply chain, a numeri-
cal example is presented in this subsection to provide man-
agement insights into the proposed models. As we focus
on changes in advertising investment and consumer en-
gagement, the market potential and price parameters are
set to reasonable fixed values (a =0.5, 8=0.5). The lev-
el of consumer engagement and advertising investment on
a normal online platform are given values of 0.3, 0.5, and
0.7. The parameter of advertising investment on the social
media channel captures the capacity for advertising diffu-
sion among social communities. The powers of exponential
value are usually located at ( —2, -3), according to pow-
er-law distribution in the real world®". Therefore, the pa-
rameter of advertising investment on social media channels
isset as p= 1, 2, 3 based on the small-world effect and
sale saturation is set at 10 in this example.

In Scenario 1, from the horizontal view, the optimal
advertising investment for the normal online platform in-
creases with consumer engagement investment regardless
of the level of consumer engagement (A). For optimal
advertising investment on the social media platform, as
shown in Fig.2(a)-(c), the curves increase slowly with
gradual changes in consumer engagement based on a hori-
zontal comparison. When the diffusion indices of a social
community are 2 and 3, the changes in optimal advertis-
ing investment are slight overall. If the diffusion capacity
in a social community is low (5 =1), the social media
platform could invest a little when consumer engagement
is also low; however, in the higher interval, the social
media platform must invest more in advertising. Some-
times the value of advertising investment is larger than
that of high diffusion levels among social communities,
especially in circumstances with low consumer engage-
ment (A =0.3), and the advertising investment remains
high but stable when the community diffusion capacity is
3. Normally, the social media platform maintains rela-
tively stable advertising investment to attract consumer
engagement within a given social community. A higher
level of consumer engagement helps decrease advertising
investment.

To compare the changes in the three players’ profits,
we fix the level of consumer engagement (A =0.7) to
obtain the same patterns of change with other values. For
the same reason, when comparing the manufacturer’s re-
sults, the parameter of advertising investment on the nor-
mal online platform is set to 0.3. The scales of the three
players’ profits indicate that the manufacturer can gain
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Fig.2
platform. (a) Ad investment change (A =0.3); (b) Ad investment
change(A =0.5);(c) Ad investment change(A =0.7)

relatively higher values than the two retailers. In the three
simulated cases, the manufacturer’s profits are 10 times
that of the social media retailer. Nevertheless, the social
media platform is superior to the normal online platform
for generating profit. Notably, social media platforms are
being shaped into a major thriving market for the future.
Manufacturers that want to gain more profit will also in-
vest more in social media platform advertising.
Horizontally, for the normal online platform, increasing

advertising investment can double profits from 0.3 to 0.5
and from 0.5 to 0.7, respectively. As shown in Table 1,
advertising is confirmed to be a critical factor in obtaining
higher profit. Attracting higher consumer engagement has
the same effect; however, promoting consumer engagement
with the social media platform can result in gradual profit
increases. The growth of diffusion power (7)) in the social
community has a more notable effect on profit enhance-
ment than the improvement of consumer engagement.
Similarly, with added diffusion power, the manufacturer’s
payoff jumps in the same circumstances of consumer en-
gagement. Unfortunately, compared to the advertising in-
vestment parameter on the social media platform, the ad-
vertising investment parameter on the normal online plat-
form makes a negligible contribution to profit growth.
Therefore, it is wise for manufacturers to devote more ex-
penditure to advertising on the social media platform.

In Scenario 2, where the advertising cost is assumed
only by retailers, the normal online retailer will be reluc-
tant to invest in advertising. Although the optimal profit
of the social media channel can be achieved in Scenario
2, the simulated study provides some valuable insights.
Fig. 3 shows that the values of optimal advertising invest-
ment on social media platforms are all negative when the
level of consumer engagement is low (A =0.3). This im-
plies that the social media platform would not invest in
advertising when consumer engagement is low. Even
when consumer engagement is at a medium stage, the so-
cial media retailer should not make advertising invest-
ments in low diffusion communities (n =1). Normally,
two retailers are unwilling to independently undertake ad-
vertising costs. The social media platform is an optimal
advertising investment only with a relatively high level of
consumer engagement when the consumer engagement in-
vestment is in high intervals, and the value of exponential
power is large (5 =2 or 3). Therefore, the social media
platform will tend to independently bear the advertising
cost in social communities with high diffusion power and
high consumer engagement.

Table 1 Optimal profits of three players in Scenario 1 with simulated values when A =0.7

E 0.1 0.3 0.5 0.7 0.9 1.0
i (k=0.3) 0.000 2 0.000 4 0.000 7 0.001 4 0.002 3 0.002 9
aM* (k=0.5) 0.000 4 0.000 9 0.002 0 0.003 8 0.006 4 0.008 1
M (k=0.7) 0.000 8 0.001 9 0.004 0 0.007 4 0.012'5 0.0159
' (n=1) 0.126 1 0.2655 0.417 0 0.587 1 0.778 5 0.882 6
(g =2) 0.793 0 1.247 9 1.797 6 2.443 9 3.187 4 3.5957
M (n=3) 1.8190 2.830 1 4.060 2 5.5102 7.180 4 8.098 1
M (k=0.3,7=1) 1.800 4 2.647 3 3.863 1 5.383 4 7.1810 8.179 4
M (k=0.3,7=2) 7.8152 12.227 2 17.650 5 24.069 0 31.476 0 35.549 2
M (k=0.3,79=3) 18.028 1 28.078 1 40.347 2 54.828 3 71.518 6 80.691 8
M (k=0.7,9=1) 1.8017 2.650 5 3.869 6 5.3954 7.201 4 8.205 4
i (k=0.7,7=2) 7.816 5 12.230 4 17.657 0 24.089 0 31.496 4 35.5752
¥ (k=0.7,1m=3) 18.029 4 28.081 3 40.353 7 54.840 3 71.5390 80.717 7
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Fig.3 Changes in the social media retailer’s optimal profit in
Scenario 2

In Scenario 3, the two retailers take a proportion () of
the advertising cost and share costs with the manufacturer
in the supply chain. To determine the relationship be-
tween the sharing ratio and the three players’ profits, oth-
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Optimal advertising investment for the social media platform and profits of three players in Scenario 3. (a) Optimal advertis-
ing investment; (b) Optimal online retailer profit; (c) Optimal offline retailer profit; (d) Optimal manufacturer profit

Fig. 4

The downward trends of the normal online retailer’s
profit indicate that this player would be disinclined toward
assuming a high proportion of the advertising cost. If the
proportion reaches 50% , the normal online retailer re-
ceives no benefit at all. As expected, a higher parameter
of advertising investment in the low cost-sharing ratio can
help to earn higher profits. For the social media plat-
form, with normal community diffusion (n =2, 3),
profits exhibit signs of decline with a cost-sharing ratio
increase. Although lower community diffusion leads to
lower profit, it exhibits a slow upward trend followed by
a downward trend. This finding implies that the social
media platform can assume a certain percentage of adver-
tising cost when its social diffusion power is low. The
most important finding is that the manufacturer’s profit

er parameters are set as A =0.3, E=0.5, and k =0. 3.
To guarantee a positive profit for the normal online retail-
er, the sharing proportion satisfies #<<0. 5 in this exam-
ple. The findings clearly indicate that the normal online
retailer should add advertising investment in line with the
larger cost-sharing proportion in Lemma 3. After simula-
ting other equilibrium results, Fig. 4 reveals different
changes in advertising investment on the social media
platform. From the horizontal perspective, as community
diffusion increases, optimal advertising investment notice-
ably drops. When community diffusion is high, changes
in the cost-sharing proportion have a minimal meaningful
impact on advertising investment in the social media plat-
form. In other words, within a relatively high range,
community diffusion has a significant role in determining
optimal advertising investment.

40
n:
30F -1
-2
-3
W 20F
10
0 1 1 1 ]
0.1 0.2 0.3 0.4 0.5
0
(d

changes are minor in all three cases of increased cost-sha-
ring ratio, as the sharing ratio decrease of advertising cost
for the manufacturer does not bring significant profit
growth. Instead, increased community diffusion exerts a
substantial impact on profit. This finding provides useful
management insight that pursuing community diffusion
empowerment on social media platforms rather than cost-
sharing advertisement is more impactful for all players in
the supply chain.

4 Conclusions

1) When manufacturers sponsor advertising, social
media platforms outperform normal online platforms for
increasing profit. Manufacturers should focus on investing
resources in advertising and marketing on social media
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platforms and increase the virality of advertising content
to generate higher profit returns.

2) The normal online retailer is reluctant to independ-
ently assume the cost of advertising. In contrast, to pur-
sue optimal profit, social media platforms would rather
undertake the advertising cost alone in circumstances with
high diffusion power and high consumer engagement in
the social community. This indicates that social media
platforms can be confident in gaining high returns through
advertising. Manufacturers should actively cooperate with
mainstream social media platforms and allow them to help
with promotions and place advertisements.

3) In the advertising cost-sharing scenario, a high sha-
ring ratio is unfavorable for the normal online retailer.
Furthermore, it also cannot boost the manufacturer’s prof-
it with other parameters fixed. The social media platform
is initially willing to bear a larger proportion to attract
more users only when community diffusion is low.
Therefore, the most crucial management insight for all
players is to enhance community diffusion on the social
media platform rather than advertising expenditure.
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