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Abstract—Thepaper mainly discusses prediction of water
consumption and precipitation and allocation among areas.
First of all, the vast area is divided into smaller parts
according to its water resources, measured by precipitation
in recent years. Precipitation and water consumption is
predicted within each part before deciding water
transportation plan among areas.
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| PREDICTION OF WATER RESOURCES

We first divided the vast area into smaller parts
according to its water resources, measured by precipitation
in recent years. Water consumption and precipitation in
former years are analyzed within those smaller areas and
prediction of their future volume is made. GM(1,1) model
is adopted in prediction of water consumption. But it

yields little fruit in predicting precipitation for 3 JangXi Huen, HubBi o

precipitation fluctuates fiercely as time goes by. Deviation 4 Yunian, GuangX, GuiZho, Chongring SChuen SR

still exists when we ameliorate the model with unbiased :ms;: S , i

_GM(l,l) model. Flnglly the introduction of Markov chain S ¢ :

is adopted to help gain an accurate result. 8 Ganshuy NngXa, NedMiengGu o B iag
Allocation of water among areas is turn into an 9:XZang Qg ! ;

unbalanced transportation problem. We further turn the L eng =

unbalanced problem into a balanced one by setting a visual

consumer. Then linear programming aiming at minimum Figure 1.

cost is adopted to solve the problem.

A. Prediction Of Water Consumption Under such division, water consumption from 2003 to

. . 2010 within each part is presented as below.(see Table I)

Here we take mainland China as an example. Based on TABLE |

precipitation, we divided the area into ten parts.(see Fig. 1)

Zone'Year 2003 2004 2005 2006 2007 2008 2009 2010

1 640.3 64973 64581 646.65 65879 659.57 66485 671.46
927.1 1061.3 1058.9 11151 11216 1161.1 1164.1 1174.6
7364 769.82 789.87 7922 81786 82854 84499 85291
7913 800.85  840.36 8475 849.88 855.53 865.14 867.16
1313 13142 13448 144.09 140.29 14238 140.61 14718
662.3 668.06  668.18 71406  689.51 699.85 706.29 698.45
478.1 48886 62444 53035 535,02 54387 570.13 588.71
352.5 367.29 375.82 378.65 37354 31213 374.11 376.09
9 543 58.16 63.84 67.23 6781 71.89 59.61 6597
10 500.7 49706 464.36 51343 517.74 52822 530.9 535.08

Let’s present the data in columnar section(see Fig. 2).
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Conclusion could be drawn that water consumption varies
slightly as time goes by.
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Figure 1.

For further prediction, variation of water consumption
is needed. Here we adopt GM(1,1) model to achieve the
goal.

First, EO (the origin sequence) is as below.

Eo=(E(1),E(2),...,.E(n))

E1 is gained after accumulated generating operation

E1=(E1(1),E1(2)....E1(n)
in which
k
E1()= =T EO(K), k=1,2,....n

Then back ground value array Z is constructed
according to EO

7=(2(2),2(3),...,2(n))
in which

z(k)=a (E1(k)+E1(k-1))(in most cases a=0.5)

As a result, we have

E(2) —z(2) 1
IE’ ( 3]] l—z(Bj 1
V= E {ﬂ,] e (n) 1

After least square estimation of parameter sequence,
we have

-(B"B) B'Y.

~[a]
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Then model can be decided and estimation of EO
computed.

E(F+1)= [Tm——] - b Z k=12,

E(k) = E,(k) —Eltfc—l)

Error checking is needed at last. The residual is
presented as

n

1
=X (E®-EG)

f=l

According to the model and the data, the outcome is
presented as below(see Fig. 3).
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Figure 2.

It is learned that variation of water consumption could
be highly stimulated by the model except abnormal data
from a few years. So we can reasonably predict
perspective water consumption in 2015,2020, 2025 within
each part.(see Table.ll)

TABLE Il

Zone\Year 2015 2020 2025
1 690. 78 713. 02 735.97
2 1304. 5 1433.71 1575.72
3 934. 35 1019.04 1111.41
4 915. 55 960. 65 1007. 97
5 157.4 169. 35 182. 22
6 736. 74 766. 18 796. 8
7 615. 96 657. 94 702.79
8 378. 66 382. 64 384. 65
9 70. 35 74. 32 78. 28
10 992. 32 648. 77 710. 59

We notice certain degree of growth in water
consumption, but with no noticeable fluctuation. Therefore,
the result is reliable.

B. Prediction Of Precipitation

Since large amount of data is needed, here we take
Nanjing as an example in case the data amount is
guaranteed. Precipitation in each part could be predicted
similarly.



1)GM(1,1)

Based on precipitation per year in Nanjing during 1971
to 2008, prediction of precipitation using GM(1,1) is
presented as below.

TABLE 11l
Year precipitation  Year precipitation  Year precipitation  Year  precipitation
1971 1009 1981 1049 1991 1828 2000 737
1972 1279 1982 1106 1992 884 2002 1076
1973 930 1983 1125 1993 1241 2003 1659
1974 1289 1984 961 1994 647 2004 895
1975 1341 1985 1014 1995 m 2005 994
1976 893 1986 m 1996 1232 2006 1106
1977 1148 1987 1379 1997 903 2007 1073
1978 532 1988 925 1998 1241 2008 974
1979 959 1989 1258 1999 1215
1980 1025 1990 952 2000 1031
5 Fig. 4
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We build the GM(1,1) model according to raw data in
Table I. Then we have X(1) after accumulated generation
operation of the sequence.
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Figure 4.

Similar to GM(1,1) model adopted
water consumption, expression of the
computed in matlab as below:

in prediction of
model could be

E(O)

— 0.000186
1) = 1060.9¢

Prediction is presented as below.
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Figure 5.
TABLE IV

Year predi- reltie Year predi- vetve  Year predi- relatve Year predi-  relative

cted error cted error cted  error cted  error

value value value value

of GM of GM of GM of GM
1971 1009 0 1981 106292 001 1991 106490 042 2001 106689 045
1972 106115 017 1982 106312 0.4 1992 106510 020 2002  1067.09 0.01
1973 106134 014 1983 106332 005 1993 106530 0.4 2003 106729 036
1974 106154 018 1984 106352 0.1 1994 106550 065 2004 106748 0.19
1975 106174 021 1985 106371 005 1995 106571 038 2005 106768 007
1976 106193 019 1986 106391 047 1996 106590 013 2006 106788 0.03
1977 106213 007 1987 106411 023 197 106609 018 2007 106808 0.00
1978 106233 100 1988 106431 015 1998 106629 014 2008 106828 0.10
1979 106253 011 1989 106451 015 1999 106649 012 2009 106848

1980 106272 004 1990 106471 012 2000 106669 003 2010

Quite different from prediction of water consumption,
precipitation is not effectively stimulated by the model for
drought and flood could lead to abnormal data. To
alleviate the impact of abnormal data, optimization with
smoothing treatment is introduced into the model.
2)Optimized GM(1,1)

According to our optimization, we suggest that a
sequence of n data is acquired.

X = xO(1),x©2),...,xO(n)
Newly processed data could be expressed as:

{xO@ -1)+2xO0) + O + 1)}

X(O)(t) — 2
€[2,n—1]
Ko - GO0 +x0@)
XOm) = XO(m—-1)+3xP(n)

4

And the expression of the ameliorated model is
presented as below:

EO

(k+1) = 1053.3¢0:00048
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Figure 6.

TABLE V

Year predicted  rela-  Year

Year  predict-

el-  Year  predicte- relat- predicted  relat-
ed value  tive a4 value ive value of tive value of ive
of erro. of erro-

optimized erro optimize- erro-

optimiz- T optimiz- 1 oM v aGM
ed GM ed GM

1971 10765 0 1981

1972 105380 006 1982

1973 105430 005 1983

1974 105480 013 1984

1975 105530 013 1985

105831 000 1991
105882 003 1992

1063.86 023 2001
1064.36 012 2002
106487 006 2003
106538 029 2004

106893 019
106943 006
106994 019
107045 004
107096 007

105932 002 1993
105982 004 1994
106033 014 1995
106083 011 1996
106133 004 1997

106588 025 2005

1976 105580 005 1986 1066.39 003 2006 107147 0.00

1977 105630 0.14 1987 1066.90 000 2007 107198 0.01
1978 105681 033 1988

1979 105731 022 1989

106184 005 1998 1067 .40 007 2008 107249 007

106234 003 1999 106791 009 2009

After comparison of the two models, we learn that
relative error of the ameliorated model is smaller than the
original one. However, deviation still exists. For a more
accurate prediction, we build a new model combining
advanced gray model stated above and Markov chain.
3)Optimized Grey- Markov Chain Model

Relative error of the advanced GM is analyzed and
divided into 6 states as below

106285 0.15 2000 106842 006 2010

Error 16-7 74 0 (-4 41 J-16
burst®
condition 1 ) ) 4 5 b

According to the precipitation data, we have state
matrix and single-step transition matrix.

2 010 20
/2 12 00 o\
i1 2 11 2 0}
002120
0103 01
0010 01
2/5 0 1/5 0 2/5 0
2/5 1/5 2/5 0 0 0 \
| 1/7 2/7 17 1/7 2/7 0 |
0 0 2/5 1/5 2/5 0
0 1/s 0 3/5 0 1/5
0 0 1/2 0 0 1/2

We decide the calculation formula based on the state of
relative error of former year. For example, we predict the
precipitation in 2008 to be 1071.98 whereas actually it was
974, then we indicate that precipitation in 2009 to be:
1071.98 + 1/2*(0.11*(0.2)-0.04*(0.6)-0.23*(0.2) )* 974=
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1048.6
We witness only small deviation from the actual value
after the precipitation is predicted. As a result, the
prediction is well-rounded.
However, this model leaves something to be desired:
State division of relative error is decided arbitrary.
Influence of abnormal data is not perfectly eliminated.

Il WATER ALLOCATION AMONG SMALL AREAS

Precipitation, x and water demand, y could be
predicted by Gray-Markov model built above. We simply
assume precipitation to be the only resource of water and it
can be fully exploited. Water abundance is measured by
D=x-y. Water allocation among small areas is in fact an
unbalanced transition problem. Those areas with D>0 are
decided as supplier while those with D<0 are decided as
consumer.

We suggest that water is transported via present river
or pipeline so that cost for newly-built transportation will
be zero. Transportation cost per distance is the same so
overall transportation cost is proportional to distance
between two areas. When the areas are big enough, we
simply decide the distance to be linear distance.

Taking mainland China as example, we have cost
matrix as below (based on division in Table.VI) :

~ TABLEVI

1 2 3 4 5 6 7 8 9 10
1 0 1109 748.4 1608 1857 1802 3299 2522 3354 4380
2 1109 0 831.6 1913 1220 803.8 2218 1774 332 1075
3 748.4 831.6 0 1137 1137 1220 2883 1802 2744 3687
1 1608 1913 1137 0 1441 1968 3659 1940 1774 2938
5 1857 1220 1137 1441 0 693 2245 665.2 2273 3493
6
7
8
9

1802 803.8 1220 1968 693 0 1691 1053 2994 3493
3299 2218 2883 3659 2245 1691 0 2051 4296 4380
2522 1774 1802 1940 665.2 1053 2051 0 2245 2522
3354 3326 2744 1774 2273 2994 4296 2245 0 1331
0 1380 4075 3687 2938 3493 3493 4380 2522 1331 0

Since overall precipitation overwhelms overall water
consumption, a visual consumer is decided as fm.
Fm(X)=0, fm(y)=% x-Xy. Then unbalanced transportation
is now turn into balanced transportation problem. In this
model, water transported to fm represents water stored
with in each area.

The transportation model we build is a black box. Input
precipitation and water consumption and the model will
automatically identify supplier and consumer as long as
overall  precipitation  overwhelms overall  water
consumption. The optimal plan will computed aiming at
minimum cost.

Input precipitation x; and y; in each area.D;=x;-y;.
D;is supply for suppler while D; is demand for consumer.
Then the problem could be describe by linear equations as
below

—

sum =
0<try <Ditry <y
Min(sum)

COSti]’ * trij



In which const;; presents transportation cost per
distance from area i to area j; trj represents
transportation volume from area i to area j.

The linear equations could be solved by linear
programming.

We input precipitation and water consumption in 2008
to exam the model and the result is as below.

TABLE VII

Area | ) 5 1 §

] 1338 14239 26677 40499 10471
: 23950 246.16 38334 598.72 21993
b 4513 46,16 50843 11851 38166
9 214.06 204,66 36062 10.06 189,01
10 6181 4119 23310 §0.95 1073
store 042 13 17761 7631 1096
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