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Facing the short supply of timber, China must actively improve the sustainability of its timber
import from Russia. Therefore, this paper evaluates the state of China-Russia timber trade in
2002-2016, in the context of the construction of the China-Mongolia-Russia (CMR) economic
corridor. Drawing on the Markov theory, the Grey prediction model was revised to predict the
trade value, log volume and sawn timber volume of China’s import of Russian timbers in 2017-
2025. The results show that the revised Grey-Markov model was 4.53%, 2.23% and 30.08%
higher than the Grey prediction model in the prediction accuracy of trade value, log import
volume, and sawn timber import volume between China and Russia, respectively; that the
import value will increase to USD 5.047 billion in 2025, the import volume of sawn timbers
will grow steadily in 2017-2025, while the import volume of logs will decline to 6.8025 million
m3 in 2025; these trends are mainly the result of the hike in log price and tariffs in Russia.
Based on the predicted results, the authors discussed about the mechanism of China-Russia
timber trade, and then put forward several suggestions: both countries should pursue
sustainable development, highlight the importance of infrastructure construction, establish
trade associations, cultivate a favourable investment environment, and encourage
technological innovations. The research findings shed new light on sustainable development

in the fields of forestry and trade.

1. INTRODUCTION

Recent years has seen a boom of timber-consuming
industries in China, ranging from papermaking, furniture-
making, to timber processing. As a result, the demand of
primary forest products (e.g. logs and sawn timbers) is soaring
in the domestic market. However, China has been facing a
short supply of timber since the implementation of forest
protection policies in 1998. The supply-demand gap has been
fluctuating between 35% and 51% [1]. In 2016, the shortage
of domestic timber increased to a staggering number of 300
million m?. To make up for the shortage, China began to import
huge amounts of forest products. Statistics from Food and
Agriculture Organization of the United Nations (UNFAO)
show that China spent USD 5.33 billion on importing 48.72
million m? of logs in 2016, several times of the spending (USD
1.06 billion on 7.33 million m®) in 1995.

Russia, the largest country in the world by area, is one of
the largest log exporters to China. With half of its territory
covered by forests, Russia boasts 1/5 of the forest area and 1/4
of the forest growing stock across the globe. The majority
(73%) of forest resources in Russia are concentrated in the Far
East, which is adjacent to Northeast China. Although much of
its forest stock remains unexploited, Russia has exported more
forest products than any other country. In 2016 alone, Russia
exported 20.7 million m* of logs and 26.7 million m? of sawn
timbers. Northeast Asia and North Europe are the destinations
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of 88% of these products. Over the years, China has occupied
an important share in Russia’s timber export, especially since
the launch of the China-Mongolia-Russia (CMR) economic
corridor [2, 3].

On July 9, 2015, China, Russia and Mongolia signed a
development plan to build the CMR economic corridor, with
the aim to boost their transport links and economic cooperation
[2]. This development plan is the integration of China’s Belt
and Road Initiative, Russia’s Trans-Eurasian Corridor
initiative, and Mongolia’s Prairie Road development initiative.
Running across the Eurasia continent, the CMR economic
corridor provides new opportunities to various fields (e.g.
trade, agriculture, and infrastructure), and exerts a powerful
impact on timber import/export between the member
countries.

Against this backdrop, China and Russia must actively
pursue the sustainable development of their timber trade.
Sustainable development is the organizing principle for
meeting human development goals while sustaining the ability
of natural systems to provide the natural resources and
ecosystem services that are critical to economy and society.
After the First Earth Summit in 1992 and the Johannesburg
Summit in 2002, the sustainable development of forestry has
been widely accepted as the key to combat climate change,
desertification, loss of biodiversity, and economic stagnation.
The sustainability of timber trade is an important aspect of the
sustainable development of forestry [4-12].
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Sponsored by the Russian government and the academic
circle, many Russian scholars have explored the state and
sustainability of China-Russia timber trade [13-19]. China
began to investigate China-Russia timber trade in the early
1990s, as state-owned forestry enterprises encountered a
severe lack of forest resources. So far, the sustainable
development of the trade has been examined from the aspects
of trade flow, structure, states, factors, policies and problems
[20-26]. For instance, the principle of sustainable development
was highlighted in 4 Guide on Sustainable Overseas Forests
Management and Utilization by Chinese Enterprises jointly
issued by China’s State Forestry Administration and Ministry
of Commerce in 2009 [27]. The existing studies have only
roughly outlined China-Russia timber trade, failing to develop
a systematic framework to predict the future trend of the trade.

There are various methods of trend prediction at home and
abroad, including macro econometric model [28-30],
prediction by regression analysis [31, 32], time series
prediction [33-36], and Grey prediction [37]. The first three
approaches require a large sample size, consume a long time,
and ignore the long-term data variation. By contrast, the Grey
prediction can solve uncertainty problems with a few data and
poor information. As its name suggest, the Grey prediction is
grounded on the grey theory, which accumulates and
normalizes the time-variation of raw data. The effect of Grey
prediction can be enhanced by the Markov model. Without
needing many continuous data or historical information, the
Markov model can predict the future trend with the state
transition probability from the current or recent dynamic data.
This model is suitable for trend prediction based on time series
with great fluctuations.

Considering the great fluctuations in China-Russia timber
trade, this paper revises the Grey prediction model based on
the Markov model, and applies the revised model (Grey-
Markov model) to predict the overall trend and promote the
sustainability of China-Russia timber trade in the context of
the CMR economic corridor. During the prediction, China-
Russia timber trade was treated as a grey system, involving
eigenvectors like trade value, log volume and sawn timber
volume, and the parameters of the differential equation model
were determined based on time-series data. Finally, several
suggestions were put forward to promote the sustainable
development of China-Russia timber trade.

2. METHODOLOGY
2.1 GM (1, 1) prediction model

The Grey prediction is generally implemented in the
following steps: setting up a dynamic or static white model
based on the known data series; solving the future grey model
through transform; iteratively improve the whiteness of the
grey model until the change law becomes clear. The Grey
prediction often utilizes the first-order single variable model
GM (1, 1), or the first-order multi-variable model GM (1, n).

The GM (1, 1), as a discrete form of differential equation
model, is a first-order linear dynamic model with one
univariate series capable of time series prediction. The
differential equation of the model can be expressed as:

dx
dt

+ax? =u

1)
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where, x(¥ is a series obtained through an accumulated
generating operation (AGO); t is the time; a and u are the grey
numbers for development and internal control, respectively.
Both a and u are parameters to be estimated.
The GM (1, 1) model can be established as follows [38]:
The nonnegative raw series corresponding to time series of
t can be expressed as:

X© ={x(1),x(2),....X" (n)} 2

Applying an AGO to formula (2), the 1-AGO series XV of
X©@can be obtained as:

X (k)= 3 X (i) k =1,2,....n

i=1

3)

Then, a and u can be solved by the least squares method.
It is further assumed that:

(4)

Then, the parameter vector to be identified is @ = [a, ul” =
(BTB)™1BTY. The time response series of the basic GM (1, 1)
can be described as:

A0 u u
X (k+)=(xO1)-D)e*+=
e a

()

The restored value of the time response series at time
(k + 1) can be expressed as:

A(0) A @

X (k+1)=x (k+1)-x (k),k=12,...n (6)

Next, the variable x© (k + 1) can be calculated as
A (0) A(0) A0)
X =|x

(1),x (2),...x

2.2 Grey-Markov prediction model

If the sample size is very limited, the Grey prediction cannot
achieve desirable effect, due to the difficulty in narrowing
down the interval of disorderly and volatile raw data. The
prediction errors of the GM (1, 1) model stems from the
following: when the model is fitted with the differential
equation, the data series produced through the AGOs must be
exponential, but a nonnegative time series is not necessarily
exponential. To eliminate the errors, it is necessary to derive a
state transition matrix (i.e. the deviation law) from the
deviations of the GM (1, 1) model over the simulation years,
and correct the predicted results into a range of probabilities.

Here, the GM (1, 1) model is revised based on the Markov
model. The basic ideal of the Markov model is to obtain a state



transition matrix from the raw data series, and apply it to
estimate the future trend. Suppose there are n possible states
of an event in the course of development, and the probability
that the event shifts from state E; to E; is the state transition
probability. Then, the state transition probability matrix can be
defined as:

Ri P R
P — PZl PZZ PZ n
P, P P

Based on the above matrix, it is possible to determine the

grey interval of future changes to timber trade. Then, the
median of the interval can be treated as the predicted value of
future timber trade G(k).

3. CASE STUDY

To verify its accuracy, both the GM (1, 1) model and the
proposed Grey-Markov prediction model were adopted to
predict China’s import of Russian timbers in 2002-2016
(Table 1), and then forecast that in 2017-2025. The data were
extracted from China Forestry Statistical Yearbooks and
China Customs Statistical Yearbooks issued in 2002-2016.

Table 1. Trade value, volume and proportion of China’s import of Russian timbers in 2002-2016

Log volume

Total volume of

Sawn timber

Total volume of

. - Proportion . . Proportion  Trade value/
Year imported from imported 104 volume imported imported sawn 104 billion USD
Russia/10* m® logs/10* m?® ° from Russia/10* m? timber/10* m® °
2002 1,480.84 2,433.30 60.86 55.16 548.37 10.06 10.47
2003 1,436.74 2,545.55 56.44 56.12 559.81 10.02 1041
2004 1,701.64 2,630.85 64.68 80.12 605.17 13.24 14.24
2005 2,004.32 2,936.80 68.25 105.67 605.42 17.45 17.74
2006 2,182.60 3,215.30 67.88 117.43 615.31 19.08 21.46
2007 2,539.57 3,713.26 68.39 158.55 655.78 24.18 29.69
2008 1,866.51 2,956.96 63.12 196.82 718.18 2741 29.59
2009 1,481.51 2,805.93 52.80 312.05 993.52 3141 23.36
2010 1,403.55 3,434.57 40.87 436.70 1,475.57 29.60 27.19
2011 1,406.51 4,232.10 33.23 607.33 2,155.45 28.18 34.36
2012 1,118.34 3,789.90 2951 621.67 2,062.86 30.14 28.46
2013 1,025.78 4,516.37 22,71 702.64 2,401.79 29.25 27.71
2014 1,137.61 5,119.00 22.22 790.21 2,565.20 30.81 28.94
2015 1,167.54 4,456.80 26.20 980.12 2,657.70 36.88 30.16
2016 1,276.03 4,687.36 27.22 1,343.58 3,194.33 42.06 31.50
3.1 GM (1, 1) prediction of China’s import of Russian r 1 )
. N @) @
timbers in 2002-2016 _E(X (1)+x?(2))
-15.675 1
Based on the data in Table 1, the GM (1, 1) model was _l(x(l)(2)+ xY (3)) 1 -28.000 1
established to predict the trade value of China’s import of B= 2 =
Russian timbers in 2002-2016. The nonnegative raw series
corresponding to time series of t can be expressed as: 1/ 4 L 1 -349.530 1
—E(x( (14)+x% (15))

X©® = 1047, 10.41, 14.24, 17.74, 21.46, 29.69,
29.59, 23.36, 27.19, 34.36, 28.46, 27.71, 28.94, 30.16,
31.50).

Applying an AGO to the raw data by formula (3), the
accumulated series can be obtained as:

X® =(10.47, 20.88, 35.12, 52.86, 74.32, 104.01,
133.60, 156.96, 184.15, 218.51, 246.97, 274.68,
303.62, 333.78, 365.28).

Substituting the above data into formula (4):

x(2) | 1041
)

v | X (3) _ 14.24
X(O) (15) 31.50

Substituting  parameter
[—0.047255
17.488

/\(1) 0 u
X (k+1)=(x! >(1)—g)e*ak

—(10.47- 1488
(-0.047255)

A9 A
x (k+D)=x "(k+1)

=(1- ea){x:‘ilt‘ ) —%} gk

Al
-X

T

u

+—
a

% 0.047255k

@ =[a,u]” = (B"B)"'BTY =
] into formulas (5) and (6), we have:

17.488

(-0.047255)

=(1—e'0'047255)(10,47_ 17.488 )60'047255k

(-0.047255)

Finally, the restored value can be obtained as:

561



(0 () ()

(2(0) (1), (2),....X (15)} =(10.47,

18.42,19.31, 20.24, 21.22, 22.25, 23.32, 24.45,
25.64, 26.88, 28.18, 29.54, 30.97, 32.47, 34.04).

X

Similarly, China’s import volumes of Russian logs and
sawn timers in 2002-2016 were predicted by the GM (1, 1)
model. The predicted trade value, log volume, and sawn
timber volume are listed in Tables 2-4, respectively.

3.2 Grey-Markov model prediction of China’s import of
Russian timbers in 2002-2016

The trade value, log volume, and sawn timber volume
predicted by the proposed Grey-Markov model are also listed
in Tables 2-4, respectively.

As shown in Tables 2-4, the Grey-Markov model
outperformed the GM (1, 1) in relative residual error and
prediction accuracy.

For example, the relative residual error of the GM (1, 1)

model on the trade value averaged at x = ﬁﬂf(l) + -+
§(15)|=6.06%. The mean accuracy (confidence) of the model

was (1 —x) * 100%= 93.94%>90%. After the model was
revised by the Markov model, the relative residual error
dropped to 1.53%, while the prediction accuracy increased by
4.53% from 93.94% to 98.47%. Obviously, the proposed
model is more accurate in forecasting the trade value China’s
timber import from Russia.

On the log volume, the revision of the model reduced the
relative residual error from 4.10% to 1.87%, and increased the
prediction accuracy by 2.23% from 95.90% to 98.13%.

On the sawn timber volume, the revision of the model
lowered the relative residual error by 30.17% from 30.55% to
0.38%, and pushed up the prediction accuracy by 30.08% from
69.54% to 99.62%.

Next, the residual errors &§(k) of the trade value, log
volume, and sawn timber volume predicted by the proposed
model were divided into three states, respectively (Table 5).
On this basis, the states of China-Russia timber trade were
determined for each year in 2002-2016 (Table 6).

Table 2. Predicted trade value of China’s import of Russian timbers

GM (1, 1) model

Grey-Markov model

Year l;:tv; Predicted Residual Relative Prediction Predicted Residual Relative Prediction
value (k) residual § (%0)  accuracy (%0) value 8(k) residual § (%0)  accuracy (%0)
2002 10.47 10.47 0.00 0.00 100.00 10.47 0.00 0.00 100.00
2003 10.41 18.42 -8.01 -76.95 23.05 12.92 -2.51 -24.11 75.89
2004 14.24 19.31 -5.07 -35.60 64.40 13.81 0.43 3.02 96.98
2005 17.74 20.24 -2.50 -14.09 85.91 19.74 -2.00 -11.27 88.73
2006 21.46 21.22 0.24 1.12 98.88 20.72 0.74 3.45 96.55
2007  29.69 22.25 7.44 25.06 74.94 26.99 2.70 9.09 90.91
2008 29.59 23.32 6.27 21.19 78.81 28.06 1.53 5.17 94.83
2009 23.36 24 .45 -1.09 -4.67 95.33 23.95 -0.59 -2.53 97.47
2010 27.19 25.64 1.55 5.70 94.30 25.14 2.05 7.54 92.46
2011  34.36 26.88 7.48 21.77 78.23 31.62 2.74 7.97 92.03
2012  28.46 28.18 0.28 0.98 99.02 27.68 0.78 2.74 97.26
2013 27.71 29.54 -1.83 -6.60 93.40 29.04 -1.33 -4.80 95.20
2014 28.94 30.97 -2.03 -7.01 92.99 30.47 -1.53 -5.29 94.71
2015 30.16 3247 -2.31 -7.66 92.34 31.97 -1.81 -6.00 94.00
2016 31.50 34.04 -2.54 -8.06 91.94 33.54 -2.04 -6.48 93.52
Table 3. Predicted volume of logs imported from Russia
GM (1, 1) model Grey-Markov model
Year l;:t‘;’ Predicted Residual rl;(;::::;ef l;l;ec(::;?yn Predicted Residual rI:sei:::;ef l;iec(ll:;lc(;,n
value (k) %) (%) value 6(k) %) (%)
2002 1,480.84 1,480.84 0.00 0.00 100.00 1,480.84 0.00 0.00 100.00
2003 1,436.74 2,023.71 -586.97 -40.85 59.15 1,673.62 -236.88 -16.49 83.51
2004 1,701.64 1,938.92 -237.28 -13.94 86.06 1,588.83 112.81 6.63 93.37
2005 2,004.32 1,857.68 146.64 7.32 92.68 1,981.34 22.98 1.15 98.85
2006 2,182.60 1,779.85 402.75 18.45 81.55 2,377.26 -194.66 -8.92 91.08
2007 2,539.57 1,705.28 834.29 32.85 67.15 2,302.69 236.88 9.33 90.67
2008 1,866.51 1,663.84 202.67 10.86 89.14 1,787.50 79.01 4.23 95.77
2009 1,481.51 1,565.38 -83.87 -5.66 94.34 1,689.04 -207.53 -14.01 85.99
2010 1,403.55 1,499.8 -96.25 -6.86 93.14 1,623.46 -219.91 -15.67 84.33
2011 1,406.51 1,436.96 -30.45 -2.16 97.84 1,560.62 -154.11 -10.96 89.04
2012 1,118.34 1,376.76 -258.42 -23.11 76.89 1,026.67 91.67 8.20 91.80
2013 1,025.78 1,319.07 -293.29 -28.59 71.41 968.98 56.80 5.54 94.46
2014 1,137.61 1,263.81 -126.20 -11.09 88.91 913.72 223.89 19.68 80.32
2015 1,167.54 1,210.86 -43.32 -3.71 96.29 1,334.52 -166.98 -14.30 85.70
2016 1,276.03 1,160.13 115.90 9.08 90.92 1,283.79 -7.76 -0.61 99.39
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Table 4. Predicted volume of sawn timbers imported from Russia

GM (1, 1) model

Grey-Markov model

Year l;::: Predicted Residual Relative Prediction  Predicted Residual  Relative Prediction
value a(k) residual § (%0)  accuracy (%) value 8(k)  residual § (%) accuracy (%)
2002 55.16 55.16 0.00 0.00 100.00 55.16 0.00 0.00 100.00
2003 56.12 102.74 -46.62 -83.07 16.93 50.67 5.45 9.71 90.29
2004 80.12 126.27 -46.15 -57.60 42.40 74.194 5.93 7.40 92.60
2005 105.67 155.18 -49.51 -46.85 53.15 103.11 2.56 2.42 97.58
2006 117.43 190.72 -73.29 -62.41 37.59 138.65 -21.22 -18.07 81.93
2007  158.55 234.40 -75.85 -47.84 52.16 182.32 -23.77 -14.99 85.01
2008 196.82 288.07 -91.25 -46.36 53.64 236.00 -39.18 -19.91 80.09
2009  312.05 354.04 -41.99 -13.46 86.54 301.97 10.08 3.23 96.77
2010  436.70 435.12 1.58 0.36 99.64 383.04 53.66 12.29 87.71
2011 607.33 534.76 72.57 11.95 88.05 482.68 124.65 20.52 79.48
2012 621.67 657.22 -35.55 -5.72 94.28 605.68 15.99 2.57 97.43
2013 702.64 807.72 -105.08 -14.96 85.04 755.65 -53.01 -7.54 92.46
2014 790.21 992.69 -202.48 -25.62 74.38 940.61 -150.40 -19.03 80.97
2015 980.12 1,220.00 -239.88 -24.47 75.53 1,167.90 -187.78 -19.16 80.84
2016  1,343.58  1,499.40 -155.82 -11.60 88.40 1,447.30 -103.72 -7.72 92.28
Table 5. State intervals
State Trade value Log volume Sawn timber volume
Ei [-2.51,-0.76) [-236.88, -78.96) [-187.78, -83.64)
Ea [-0.76, 0.99) [-78.96, 78.96) [-83.64,20.51)
Es [0.99, 2.74] [78.96, 236.88] [20.51, 124.65]
Table 6. States of China-Russia timber trade in 2002-2016
Year Trade value Log volume Sawn timber volume
Residual State Residual State Residual State
2002 0.00 E> 0.00 Ez 0.00 E2
2003 -2.51 E: -236.88 E: 5.45 E2
2004 0.43 E> 112.81 E;s 593 E2
2005 -2.00 Ei 22.98 Ez 2.56 Ez
2006 0.74 E: -194.66 Ei -21.22 Ex
2007 2.70 E; 236.88 Es -23.77 Ex
2008 1.53 E; 79.01 Es -39.18 Ex
2009 -0.59 E: -207.53 Ei 10.08 Ex
2010 2.05 E; -219.91 Ei 53.66 E;
2011 2.74 E; -154.11 E: 124.65 E;
2012 0.78 E> 91.67 E; 15.99 Ez
2013 -1.33 Ei 56.80 Ez -53.01 E>
2014 -1.53 Ei 223.89 Es -150.40 E;
2015 -1.81 Ei -166.98 Ei -187.78 E;
2016 -2.04 Ei -7.76 Ez -103.72 E;
3.3 Prediction of China’s import of Russian timbers in 2 1 3 2 00
2017-2025 6 6 6 2 2 2
po_|1 0 ajand 11 7 1
Based on Tables 1-5, the state transition probability matrix 912 2 2 = l9 909
for the trade value of China’s import of Russian timbers can 01 1 011
2 2 2 2 2 2

be established as:

trade —

MO NN OW
AN N[O OIN
ININENINE 1 fe)

Similarly, the state transition probability matrices Pioq and
Psawiog for log volume and sawn timber volume can be
respectively obtained as:
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Then, the future trade value of China’s import of Russian
timbers in 2017-2025 was predicted based on matriX Pirage.
Since the trade value fell in state E; in 2016 (Table 6), the
value is mostly likely to be in state E, in 2017, according to
the state transition probability matrix. It can be calculated that:

Y(17) = x©(16) — %(2.51 +0.76) = USD 3.328 hillion.

The trade values in the other years were forecasted in a similar
manner. Similarly, the volumes of logs and sawn timbers
imported from Russia in 2017-2025 were predicted by the
proposed model. The predicted trends of trade value, log
volume, and sawn timber volume are displayed in Figures 1-3,
respectively. It can be seen that the Grey-Markov model could



accurately predict the trade value, log volume and sawn timber
volume in China’s import of Russian timbers.

3.4 Results analysis

Three major trends were observed in Figures 1-3:

(1) The trade value of China’s timber import from Russia
will grow steadily. From 2017-2025, the annual trade value is
expected to reach USD 3.328 billion, 3.509 billion, 3.699

60

billion, 3.899 billion, 4.107 billion, 4.324 billion, 4.555
billion, 4.795 billion, and 5.047 billion. The steady growth is
the result of the combined effect of three factors: the
complementarity between the huge market demand in China
and the abundant forest resources of Russia, the
interchangeability between the timber products in China and
those in Russia, and the opportunities brought by the CMR

economic corridor.
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Figure 1. Predicted trend of trade value in 2017-2025
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Figure 3. Predicted trend of sawn timber volume in 2017-2025
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(2) The log volume will gradually decline from 2017 to
2025. The trend of log volume in 2002-2025 is attributable to
three reasons: First, the tariff increase in Russia has pushed up
the log price. In 2007, Russia marked up the export tariff on
timber products to 10%. The tariff was further increased by
30% each following year. This means Chinese enterprises had
to spent more to import the same amount of logs. Thus, the log
volume stood at 6.8025 million m? in 2025, 46.69% smaller
than that (12.7603 million m®) in 2016. Second, under the Belt
and Road Initiative, Chinese timber processors are investing
more overseas, and shifting their focus from processing of
primary timbers to the design of woodworks. The timber
products which used to be consumed in China are now sold to
other countries. Third, China is less dependent on Russian
forest resources, thanks to the growing trade of timber
products with the countries along the Land and Maritime Silk
Roads. For instance, China imported USD 8.33 billion of
charcoal, timbers and timber products from these countries.

(3) The sawn timber volume will grow rapidly. Contrary to
the trend of log volume, sawn timber volume is expected to
increase rapidly from 2017 to 2025. According to the proposed
model, the sawn timber volume will soar to 95.0769 million
m? in 2025, up by 607.64% from that in 2016. Meanwhile,
Russian sawn timbers will take up a greater proportion in
China’s total import of sawn timbers: the proportion will
expand from 10.06% in 2002 to 42.06% in 2016. The upward
trend of sawn timber volume is driven by the favourable
policies in Russia, and the growing demand in China’s
infrastructure construction. In fact, most developed countries
import more sawn timbers than logs. With a booming
economy, China will definitely import more and more sawn
timbers from Russia.

4. DISCUSSION

In the context of the CMR economic corridor, five
suggestions were presented to improve the sustainable
development of China-Russia timber trade:

4.1 Government efforts

First, the Chinese government should help its Russian
counterpart to enhance the ability of forest management. This
ability is crucial to the sustainability of the timber trade: it is
impossible to achieve a stable timber supply without
sufficiently large forest or a rational mode of forest
management. Second, the two governments should cooperate
closely in forest development and timber trade. For instance, a
long-term agreement may be concluded to form a stable import
channel, curb grey customs clearance, and standardize the
trade order. Third, the two countries should develop a mutual
recognition mechanism of timber products. Every batch of
imported timbers must carry a certificate of origin, and should
not be approved for processing or re-export before being
imported. The legal certification of the exporter is the
precondition for the sustainability of timber trade.

4.2 Infrastructure construction

In the context of the CMR economic corridor, infrastructure
construction is an important driver of the sustainable
development of China-Russia timber trade. The development
plan of the CMR economic corridor calls China, Mongolia,
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and Russia to join hands in developing infrastructure, such as
highways, railways, airports and seaports. These facilities are
fundamental to the cross-border transport of timber products.
China and Russia need to enhance the infrastructure at the
border ports (e.g. Heihe, Suifenhe, Manzhouli and Erenhot) by
the following measures: attract outside investment on timber
processing parks, especially on the deep processing facilities;
upgrade existing highways and railways, and build new high-
speed railways and border bridges; improve every aspect of
the logistics network (e.g. warehousing, transport, and
distribution), and enhance the capacities of border ports in
timber handling, transport and processing; strengthen the
financial, insurance, communication, and information
supports to timber trade.

4.3 Trade associations

The China-Russia timber trade is bottlenecked by the
shrinking profit margins of Russian timbers and the unbridled
competition (e.g. price war) among Chinese importers. To
eliminate the bottlenecks, it is necessary to establish trade
associations on timber import. These associations should
update market demand, supply sources, and port conditions to
member enterprises. In this way, the importers could pull
together to a good bargain, rather than scramble for resources
and partners. In Russia, the trade associations have already
assumed the functions of the former forestry bureau. Every
month, these associations set a unified export price, and punish
any exporter that violates the rule. Once founded, Chinese
trade associations should set up a timber tracking system based
on green procurement and forest certification. The system will
enable Chinese importers and processers trace the source of
timbers, and check if the imported timbers have passed
rigorous tests. These associations should also publicize the
harms of and forbid illegal logging and trade.

4.4 Investment environment

One of the strengths of the CMR economic corridor lies in
the investment cooperation on energy, high-tech,
manufacturing, agriculture, forestry, and animal husbandry.
The sustainable development of China-Russia timber trade
hinges on a favourable investment environment. The most
direct way to forge such an environment is to scale up foreign
direct investment (FDI). In addition to economic benefits, the
FDI mitigates the negative impacts of Russia’s tariff policies,
alleviates the pressure of timber import, and eases the resource
shortage in domestic timber market. The FDI should be
directed at the deep processing of timber and exploitation of
forest resources. To promote the investment on Russian
forestry, the Chinese government ought to increase freight
subsidies and reduce value-added tax (VAT) for investment
enterprises, and builds an overseas investment insurance
system to protect Chinese investors from political risks in
Russia.

4.5 Technological innovation

Technological innovation is an important direction for
sustainable development of China-Russia timber trade. After
two decades of development, both timber exporters and
importers have accumulated immense innovative potentials.
Numerous high-tech products are available for the renovation
of existing forestry enterprises. The technological innovations



on timber trade mainly involve information technology (IT),
nanotechnology, and biotechnology. The IT innovations,
namely, geographic information system (GIS), should be
applied to optimize the timber development strategy, and
facilitate fire control and supply management in timber
logging and transport. The nanotechnology innovations should
be adopted to optimize the composition of synthetic timber
products. The biotechnology innovations should be employed
to promote timber regeneration and biofuel production in
wood processing. The governments, enterprises and
researchers in China and Russia should work together to
integrate innovative technologies into the production and
processing of timber products.

5. CONCLUSIONS

This paper is the first attempt to analyse the sustainable
development of China’s import of Russian timbers in a
systematic manner. After reviewing the current state of China-
Russia timber trade, the authors set up a Grey-Markov model
to predict the import trend in 2017-2025, and then examined
the mechanism of timber trade between China and Russia.
Finally, several suggestions were presented to enhance the
sustainability of China-Russia timber trade. The main
conclusions are as follows:

(1) The Grey-Markov prediction model inherits the merits
of the grey system and the Markov chain in fitting volatile
small samples, and can objectively reflect the data features of
China-Russia timber trade.

(2) Our model predicts that the trade value and sawn timber
volume will grow steadily, while the log volume will decrease
year by year in 2017-2025. These trends are mainly resulted
from the hike in log price and tariffs in Russia.

(3) The prediction accuracies of the Grey prediction model
on the trade value, log volume and sawn timber volume of
China’s import of Russian timbers in 2017-2025 averaged at
93.94%, 95.90% and 69.54%, respectively. Meanwhile, the
Grey-Markov model, which is the Markov-based revision of
the Grey prediction model, achieved the mean accuracies of
98.47%, 98.13% and 99.62%, respectively, up by 4.53%,
2.23% and 30.08% from those of the Grey prediction model.

(4) For the sustainability of China-Russia timber trade, both
China and Russia should pursue sustainable development,
highlight the importance of infrastructure construction,
establish trade associations, cultivate a favourable investment
environment, and encourage technological innovations.
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