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Abstract

Drought prediction is fundamental to the management of drought risks. This paper collects the monthly precipitation data in
1957~2009 from 19 meteorological stations in the Yellow River Basin, and sets up a log-linear model to predict the drought level
in the study period using the standardized precipitation index (SPI). Based on the SPI drought classification criterion, the drought
level sequences were established, the frequency of drought level conversion was determined, and the dominance and its confidence
interval were obtained by the log-linear model. In this way, meteorological drought level in one to two months was predicted. The
model verification shows that the expected frequency agrees well with the observed frequency, and the predicted drought level was
in line with the measured level. This means our model can accurately forecast the drought level in one to two months, and can be

used for early warning of drought in the short term.
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1. Introduction

Drought, as one of the natural calamities that
slowly develop from a complex origin which occurs in
the broadest area most frequently, seriously interferes
with sustainable development of human society,
ecological environment and it presents one of the most
severe impacts on natural disasters (Heim, 2002; Liu
et al., 2019). The spread of global warming makes the
drought exacerbate. We should effectively and
precisely forecast the drought to provide a powerful
scientific basis for technical measures such as drought
early warning and monitoring.

The drought indices underlie quantitative
analysis, monitoring, surveying and prediction of
drought. With drought indices, we can discern
statistical properties of drought, and take appropriate
measures against losses caused by it. There are
commonly used drought indices, including:
precipitation anomaly percent (%) (PAP) (Bhalme and
Mooley, 1980; Harman and Elton, 2015), precipitation
Z index (Z-index) (Chen et al., 2013; Wu et al., 2001),

Palmer drought severity index (PDSI) (Palmer, 1965;
Vicente-Serrano et al., 2011; Yang et al., 2018),
standardized precipitation index (SPI) (Mckee et al.,
1993). SPI features multiple time scales (1, 3, 6, 12
months, etc.). It is widely applied thanks to its
simplicity and good stability (McKee et al., 1995;
Morid et al., 2010). Forecasts of hydro logic droughts
can help in decision making in agriculture and water
resources management (Liang et al., 2019; Nicholas
and Battisti, 2008; Shah and Mishra, 2016; Yusof et
al., 2019). But traditional drought prediction methods
include the numerical and statistical prediction types,
which mainly adopt the mathematical tools to predict
and analyze the probability that drought will occur in
the future but at a relatively low rate. The features
available during the calculation of the log-linear
model (Paulo et al., 2005) and its confidence interval
can improve the prediction precision. In addition, the
log-linear model enables concise prediction algorithm,
objective and simple. With this model, drought level
transitions are useful for short term drought warning
in the study area.
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In this paper, The Yellow River basin was
selected as the research object. The Yellow River
Basin (YRB) is located between 32°N-42°N and
96°E-119°E (Fig. 1), controlling a drainage area of
795,000 km 2. From northwest to southeast, the
elevation presents a gradually decreased pattern and
ranges between 1 and 6199 m above the sea level. The
mean annual temperature varies between 4 and 14 °C.

Precipitation is unevenly distributed over YRB
which divides the whole basin into four climate zones
from northwest to southeast. In addition, precipitation
and temperature have significant seasonality, where
summer is generally rainy and hot while winter is cold
and dry.

Therefore, this paper attempts to predict the
meteorological drought levels by establishing a log-
linear model with 3D contingency Table. The SPI of
relevant stations in the Yellow River Basin are aimed,
providing the clues to fighting against drought and
reducing losses caused by the drought calamity.

2. Materials and methods
2.1. SPI

The Standardized Precipitation Index (SPI),
proposed by American scholar Mckee in 1993
(McKee et al., 1993), is widely used to describe and
compare droughts occurred in different periods and
under different climatic conditions. It adopts the T’
(gamma) distribution probability to describe the
change in annual precipitation, which can be available

from the normal standardization. With multiple time
scale, the SPI can supervise, compare and assess
different climate conditions at different time scales in
an area (Edwards and McKee, 1997). The SPI at 12-
month time scale clearly reflects periodic drought
changes and the effects that meteorological drought
plays on hydrological mechanism and water resources.
Table 1 includes the -classification standard for
drought grades (Moreira et al., 2008; Patel et al.,
2007).

2.2. 3D log-linear model

The log-linear model enables to analyze
discrete data or data converted in the form of
contingency table. There are 3 types of different
classification attributes for 3D contingency table:
marked as a, b, c. Among them, the attribute a has i
levels; the attribute b has j levels; the attribute ¢ has k
levels; i, j, k, le {1, 2, 3, 4}. These three attributes
represent the drought levels int-1, t and t+1 month,
respectively. The drought level can be represented by
1-4, that is, 1 means “no drought”; 2 means “light
drought”; 3 means “moderate drought”; 4 means
“heavy drought/severe drought”.

When the drought levels in adjacent months t-
1, t and t+1 are i, j and K, respectively, oij in Table 2
represents the frequency appeared. A drought level
transition 3D contingency table is shown in Table 2.
For example, o111 in the table represents the actual
frequency when the drought levels in adjacent three
months are averaged as 1.
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Fig. 1. Location of meteorological station over upper yellow river basin

Table 1. The classification standard for drought of SPI

drought grade Type of drought SPI
1 no drought SPI>0
2 light drought -1<SPI<0
3 moderate drought -1.5<SPI<-1
4 heavy drought /extreme drought SPI<-1.5
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Table 2. 3D contingency table for transitions between drought classes

3 S drought grade of T month

© c

50 1 2 3 4

% E drought grade of T+1 drought grade of T+1 drought grade of T+1 drought grade of T+1

3 - month month month month

56| 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 O111 | O112 | O113 | Ong | O121 | O122 | O123 | O124 | O131 | O132 | O133 | O34 | O1a1 | O1a2 | Owaz | Ora4
2 O211 | O212 | O213 | O214 | O221 | O222 | O223 | O224 | O231 | O232 | O233 | O234 | O241 | O242 | O243 | O244
3 O311 | O312 | O313 | O314 | O321 | O322 | O323 | O324 | O331 | O332 | O333 | O334 | O341 | O342 | O343 | Ozaa
4 O411 | O412 | O413 | Os414 | Os21 | O4a22 | Oa23 | Os24 | O431 | Os32 | O433 | Oa34 | Osa41 | Oss2 | Os43 | Oaas

The saturated form of 3D log-linear model is
Eq. (1):

INEy = A+ A0+ A5+ A5 + A2 + A + A + A5
(1

where: Ejjx represents the frequency as the drought
level transition model predicts; 4 is a constant; A%, A%
and A% represent the main effects of the drought levels
in the months t-1, t and t+1, respectively; A2, A> and
A%y represent the interaction effects (called the first-
order interaction effect) between drought levels in the
months t-1, t and t+1, respectively; A% represents
the interaction effect (called secondary interaction
effect) among three drought levels in the months t-1, t
and t+1, where: i, j, Kk, 1€{1, 2, 3, 4}.

2.3. Test on model goodness of fit

The goodness of fit is tested using x> (Agresi,
1990). The degree of freedom of the contingency
tables available by subtracting the number of
independent parameters from the total number of cells.
The test statistics is the logarithm of the ratio of the
actual observation frequency (Oijx) to the expected
frequency (Eji) of each cell, which can be used to
measure the deviation of actual observation frequency
from the expected frequency, called the likelihood
ratio statistics G, as shown in Eq (2):

G*= Zzzzoijk Iog(oijk / Eijk ) 2
i ] kK

The null hypothesisH,: the model better fits
data. By consulting the distribution table % the
boundary value y%, . is available when 0=0.05 and the
degree of freedom is v. When G?<y%.,, and the
significance level P>q, it is considered that the actual
observation frequency has a higher similarity to the
frequency model-predicted frequencies, then the null
hypothesis is true.

2.4. Dominance and confidence interval

The dominance is the ratio of the model-
predicted frequencies available when a drought level
is transferred into two other drought levels. It can
represent the probabilities when it is converted into
certain two drought levels, as shown in Eq. (3):

‘le|ij = Eijk / Ejkl (3)

where: i, j, k, 1€ {1,2,3,4} and k=1.
The logarithmic form of the dominance is
shown in Eq. (4):

Ina3,; =InE; —InE; 4)

ijl

When the samples of Qi are multiple, it is
considered that Qi roughly obeys the normal
distribution; for InQyyj, it can approximate the normal
distribution at a faster convergence rate. Therefore, by
calculating the estimated value of the asymptotic

standard error _far (In Qi ) , the asymptotic

confidence interval 1-a of |anIIij can be available (Eq.
5).

(InQy —Z,_, o4 Var(In€y),  InQy + (5)
+Zlfa/2dVar(ank”ij),

where: 7, . is the quartile of 1-a/2 for the normal

12
distribution.
The confidence interval of dominance |nQ

Klji
is (Eq. 6):

[exp(InQyy —Z,_, 4 Var(in€y;)), exp(In€yy; + (6)
2 o \ Var(InQ,;))]

When the dominance confidence interval
contains the value 1, it represents the probabilities the
drought level transitions i—j—k and i—j—I occur are
roughly equal; when the values in the confidence
interval of the dominance are all greater than (less
than) 1, the probability the drought level transition
i—j—k occurs is greater than (less than) that i—j—I
does. If the dominance confidence interval is too wide,
the interval estimation accuracy of the dominance is
lower, and the probability the drought level transition
i—j—k occurs is extremely low.

In the 3D contingency table, there are a total of
96 dominances. Among them, there are €z, €13,
914“]', Q23\ij, 924“]', Q34“j which contains 16 sub-
dominances. In the adjacent months, t-1, t and t+1, if t
represents the current month, the drought levels in the
current month (t) and the previous month (t-1) are
known, then the dominances and confidence intervals
can be available to realize the drought level capacity
after 1 month (t+1) and two months (t+2).
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3. Results
3.1. Establishment of log-linear model

(1) Data pre-processing
With the SPI at 19 meteorological stations in
the Yellow River Basin, the relevant drought level
sequences can be available. The transition frequency
of each drought level is calculated and a 3D
contingency Table for drought level transition is
established. For example, the Dingxin Station, the 3D
contingency Table of the observation frequency is
shown in Table 3.
(2) Analysis of model parameters
The high-dimensional interaction in the model
is statistically tested using the likelihood ratio chi-
square and Pearson chi-square. The results of Dingxin
Station are shown in Table 4. If the significance levels
from the third-order likelihood ratio and the Pearson
chi-square tests are both greater than 0.05, both tests
show that the 3D interaction has no statistical
significance. If the significance from the second-order
likelihood ratio and Pearson chi-square tests are 0.000

(<0.05), it is considered that the 2D interaction effect
and the main effect are statistically significant.

The parameter estimations for the Dingxin
station model are shown in Table 5. The results from
the goodness of fit test are shown in Table 6, and the
expected frequency of the drought level transition is
shown in Table 7. The constant A is 3.481; the main
effects in t-1 are 112, 1% and A3?, respectively; the main
effects in t are 41°, A,° and 45°, respectively; the main
effects in t+1 are 4:° A.° and As%, respectively; the
interaction effects in t-1 and t are 1112, 115®, 115%,
/121ab, ﬂzzab, ﬂz3ab, /131ab, /132ab and ﬂs3ab, respectively; the
interaction effects in t and t+1 are 111°, 112%¢, 13,
/lzlbc, lzzbc, /Izabc, lslbc, /lszbc and /lsabc, respectively; the
interaction effects in t-1 and t+1 are 4112, 115, 113%,
/lzlac, /Izzac, /123“, lslac, ﬂgzac and /1333°,respectively.

As shown in Table 6, the degree of freedom of
contingency Table is 27, the likelihood ratio statistic
G?=24.382<y%0s27=40.113, and the significance level
P=0.609>0.05. From Table 7, it is found that the
predicted frequency of model well fits the actually
observed frequency, this means that the model has a
good fit.

Table 3. 3D contingency Table for transitions between drought classes of Dingxin station

4 drought grade of T month
£ O g
Do 3 1 | 2 3 | 4
eshk § drought grade of T+1 month
° e 1 2 [ 3] 4 1 2 3 [ 4 1 2] 374 1 2 [ 3] 4
1 291 17 1 0 3 21 1 0 0 1 0 0 0 0 0 0
2 17 7 0 0 17 98 12 3 1 3 9 4 0 0 0 3
3 2 0 0 0 3 9 3 0 1 11 36 3 0 0 2 8
4 1 0 0 0 1 0 1 0 0 0 6 3 1 4 7 32
Table 4. Test of Model K-Level Interaction effect
K df _Ilkellhood ratlo_ _ Pearson _ Iterative number
chi square Sig. chi square Sig.
1 | 63 2511.276 0 9176.869 0 0
K-Way and High-order effects® 2 | 54 1642.329 0 5015.165 0 2
3127 24.382 0.609 22.059 0.734 8
1 9 868.947 0 4161.704 0 0
K-way effects® 2 | 27 1617.947 0 4993.106 0 0
3127 24.382 0.609 22.059 0.734 0
Table 5. Parameter estimation of model for Dingxin station
Parameter Estimate of Parameters (4=3.481)
2 =—64.975 2 =-9.281 2 =-3.823
Main Effects A =-64.975 A =-64.975 2 =-9.281
L =-21.672 A =-7.221 X =-4332
® —64.975 A = 64.975 ® =9.281
A =9.281 A =64.975 5 =11.941
»=3.823 ®-3.823 ®=3.823
b =64.975 b =7.221 b =4.332
Interactive Effects 2% =64.975 A% =17.221 A5 =13.001
b =3.096 2 =1.031 A% =8.045
*=21.672 *=7221 Ay =4.332
* ~3.096 2 =1.031 % =-1.616
* 1275 % =-2.354 *_1.275
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Table 6. Goodness- of- fit test method for Dingxin station

chi square df Sig.
likelihood ratio 24.382 27 0.609
Pearson 22.059 27 0.734

Table 7. Expected frequencies of drought class transitions for Dingxin station

drought grade of T month
drought grade of T-1 month L 2 | 3 | 4
drought grade of T+1 month
1 2 314 1 2 3 4 11 |2 3 411|123 4
1 288 | 20 |1 0| 6 18 1 0011 0 |[0JO]JO]O]|] O
2 20 3 0|0 14 100 1313014 8 510]101]0 3
3 2 0 0|0 3 9 3 O 19136 |[4]|]0|1]|2 7
4 1 0 |0]0O 1 1 0 |[0]O]1 7 L1 ]2]7] 34

3.2. Dominance and confidence interval

At Dingxin Station, the confidence intervals of
the dominance le\ij:Eiﬂ/Eijz and Q23\ij:Eij2/Eij3 are
shown in Tables 8 and 9. In the two tables, the values
at the upper level of each cell represent the
dominances, and those at the lower level are the
confidence intervals. The dominance Q; represents
the ratio of the drought level transitions i—j—1 to
i—j—2. If the dominance is greater than 1, the
probability that the former transition (i.e. i—j—1)
occurs is greater than that the latter transition (i.e.
i—j—2) does. It can be used to finish the later
predictions. For example, the value of the dominance
Qi1 is 14.097, and the confidence interval is [1.295,
766.107], the values are all greater than 1, this means
the possibilities that drought level transitions 1 —1—1
occur is higher than that 1—-1—2 does; the value of
dominance Qo311 is 23.614, the confidence interval is
[1.558, 446.519] in which the values are all greater
than 1, this means that the probability of drought level
transition 1—1—2 occurs is higher than that 1 -1—3
does. As described above, it is known that the
dominances Q1211 and Q311 are both greater than 1, so

the probability the drought level transition 1—1—1
occurs is greater than that 1 —1—3 does.

3.3. Test on goodness of fit

The logarithmic model of 3D contingency table
at 19 meteorological stations in the upstream of the
Yellow River is analyzed. The goodness of fit tested
is shown in Table 10. each likelihood ratio statistics
G? is less than the boundary value %.0s27=40.113 of
y?, and the significance levels P of the test are all
greater than 0=0.05: it is known that the real frequency
more fits that predicted by the model. It means that the
model has a good fit.

3.4. Analysis of expected frequency

For example, Yumen, Wugqiaoling and
Huajialing stations, the expected frequency predicted
by log-linear model for the drought level transition is
shown in Table 11. As show in Table 11, when the
drought level transition is 1—1—1, the frequency
predicted by model is the maximum, far greater than
that of other drought level transitions.

Table 8. Q12 and confidence interval for Dinxing station

drought grade of T-1 month drought grade of T month

1 2 | 3 4

| 14.097 0.330 0.147 1.600
1259 | 766.107 0.006 | 17.934 | 0.003 [ 7.989 0.029 | 217.382

5 6.149 0.144 0.064 0.047
0.113 [ 334.17 0.003 [ 7.826 0.001 | 3.478 0.001 [ 2554

3 12.908 0.301 0.134 0.102
0238 | 701.49 0.006 | 16358 | 0.002 | 7.282 0.002 | 5543

4 44.136 1.052 0.469 0.355
0.812 | 1329.858 0.019 | 57.171 | 0.009 | 25488 | 0.007 | 19.263

Table 9. Q3 and confidence interval for Dinxing station
drought grade of T-2 month drought grade of T-1 month

1 2 3 4

| 23.614 7.832 1.143 2.071
1.558 | 446.519 0274 | 190.613 0.074 | 28.676 0218 | 5326

5 38.054 9.823 2.34 3.405
2301 | 773477 0.513 [ 190.267 0.131 | 46392 0.167 | 67.842

3 2.433 0.552 0.125 0.204
0213 | 43217 0.031 | 11575 0.005 | 2753 0.009 | 3.657

4 4.569 1.416 0.269 0.24
0.425 | 89.198 0.16 | 31597 0.051 | 5967 0.022 | 8.027
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Table 10. Goodness- of- fit test method for every station

Station Name Degree of Freedom Statistic of Likelihood Ratio P Value
Yumen station 27 24918 0.579
Wugiaoling 27 33.344 0.186
Huajialing 27 28.010 0.410
Jiuquang 27 21.059 0.784
Wudu 27 12.977 0.992
Minxian 27 12.926 0.990
Dingxin 27 24.382 0.714
Duolun 27 31.019 0.270
Urate Zhongqi 27 21.664 0.735
Etuoqi 27 25.338 0.513
YinChun 27 13.682 0.972
Zhongning 27 30.285 0.367
Tongxin 27 22.436 0.624
Yanchi 27 24.358 0.603
Mado 27 19.239 0.861
Xinin 27 32.364 0.214
Duran 27 25.643 0.536
Yushu 27 16.529 0912

In the contingency table, the four drought level
transitions 1—1—1, 25252, 35353, 4544
show a distinct strong diagonal trend. It means that the
drought is persistent. That is to say, if there is a
drought occurred in an area, there is a high probability
that there will be persistent drought in the area for
several consecutive years.

Another obvious feature of the table is that the
drought evolution is a gradual accumulation process,
which does not leap forward, that is, the frequency of
occurrence of a large interval of drought level
transition is much less than that of a small interval of
drought level transition. For example, the frequency at
which the drought level transition 1—3—1 occurs is
far less than 1 —1—1 does.

3.5. Model test

After establishing a log-linear model, the 2010
drought level is predicted and compared with 2010
observation data to test the prediction validity. As

shown in Tables 12 and 13, the drought level
observations and predicted values at Yumen and
Huajialing stations are compared, respectively.

In Tables, we can see that the accuracy of
prediction in the period of 2 months is slightly less
than that in the period of 1 month, and most of the
prediction results in the period of 2 months include
two possibilities. In general, the actual drought levels
observed in most of the months are consistent with
those predicted by the model. Although there are some
disparities, the model predicted drought levels are all
in proximity to the actual drought level as observed.
All others are able to accurately or better predict the
drought level. All of these show that the prediction
accuracy made by the log-linear model is higher.

The reason why there is an inconsistency
between the model-predicted and observed actual
drought levels is that when the SPI value in t and t-1
months are at the boundary of the drought levels, the
actual drought levels observed in t and t+1 month are
sensitive to the changes in rainfall.

Table 11. Expected frequencies of drought class transitions for Yumen station, Wugqiaoling station and Huajialing station

4 drought grade of T month

£ O

S 1 | 2 3 | 4

e sk drought grade of T+1 month

° > 1 | 2 [ 3] 4] 1] 2 [ 3]Jal1]2] 3 ]Jal1]2]3] 4
Yumen station

1 296.3 | 20.3 1.3 0 10.7 16.6 0.7 0 0 1.1 0.9 0 0 0 0 0

2 22.1 7.3 0.6 0 17.8 1324 | 69 | 0.9 0 33 34 24 1 0.1 | 0.1 | 0.1 0.7

3 0 0 0 0 1.4 7.6 1 0.1 0 | 47| 119 | 64|06 |07 |21 85

4 0.5 03 | 0.1 0 0.1 1.5 041 0 0 1 57 32104 |12 ]77 ] 328
Wugiaoling station

1 2599 | 255 1 07 | 1.8 12 21.3 09 107101103 0.3 0.3 0 0.1 0 2

2 25.5 9.2 02 ] 02 | 21.1 1373 | 54 | 1.1 | 04 | 3.2 3.3 1 0 0.2 | 0.1 1.7

3 1.6 0.3 0 0 1.9 6.9 121 0 15163 (286 |16 0 |04 |12 ] 24

4 0 0 0 0 0 0.5 0.5 ] 0.1 0 [02] 58 0 [ 03]57 ]| 419
Huajialing station

1 262 234 1 0.8 | 0.8 | 129 18.4 2 0.6 0 0.2 0.7 0.1 0 0 0.4 0.6

2 24.2 104 | 02 | 0.2 | 19.6 | 1345 9 [ 28]02] 3 82 [ 07 ] 0 |02 |16 ] 23

3 0.8 0.2 0 0 2.5 112 {09 05|08 |84 | 285 |42 | 0 |02]16 ]| 42

4 0 0 0 0 0 1.9 0.1 | 0.1 0 [ 34 ] 45 | 11 0 1.6 | 54 | 23.9
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Table 12. Comparison between observed and predicted drought classes for Yumen station

Time Month of drought drought grade of T month drought grade of T+1month
t-2 t-1 observed predicted observed predicted
January 2 2 2 2/3 2 2/3
February 2 2 2 2/3 1 2/3
March 2 2 1 2/3 1 2/3
April 2 1 1 1 1 1
May 1 1 1 1 1 1/2
June 1 1 1 1 1 1/2
July 1 1 1 1 1 1/2
August 1 1 1 1 1 1/2
September 1 1 1 1 1 172
October 1 1 1 1 1 172
November 1 1 1 1 1 1/2
December 1 1 1 1 1 1/2
Table 13. Comparison between observed and predicted drought classes for Huajialing station
Time Month of drought drought grade of T month drought grade of T+1month
t-2 t-1 observed predicted observed predicted
January 3 3 3 2/3 3 2/3
February 3 3 3 2/3 3 2/3
March 3 3 3 2/3 3 2/3
April 3 3 3 2/3 2 2/3
May 3 3 2 2/3 2 2/3
June 3 2 2 2 2 2/3
July 2 2 2 2/3 3 2/3
August 2 2 3 2/3 2 2/3
September 2 3 2 3 2 2/3
October 3 2 2 2/3 2 2/3
November 2 2 2 2/3 2 2
December 2 2 2 2/3 2 2

At this time, if the predication follows the
transition dominance of the drought levels, then the
predicted drought level is likely to be different from
the actual value. As analyzed at the Yumen station: the
result predicted in a period of one month from April to
December is exactly equal to the observed values.
“1/2” in the predicted result in a period of 2 months
indicates that the probabilities that there are no
drought (level 1) and minor drought (level 2) exactly
equal, also consistent with the observation value “1”;
in the results predicted in one month from January to
March, the predicted value (“2/3”) in March is
inconsistent with the observed value (“1”). In the
results predicted in two months, the predicted values
(“2/3”) in February and March are inconsistent with
the observed values (“17).

As analyzed at the Huajialing Station: the
results predicted in June is exactly equal to the
observed value. “2/3” in the observed results of the
two-month  predication period indicates the
probabilities of the minor drought (Level 2) and
middle drought (level 3) occur are exactly the same,
also consistent with the observed value “2”; the result
(“3”) predicted in September is inconsistent with the
observed value (“2”). In the results predicted in a
period of two months, the result (“2”) from November
to December completely coincides with the observed
value (“2”). Conceptual data shows that the model has
a good prediction accuracy and can well predict the

drought level.
4. Discussions

The Yumen station and Huajialing station are
selected for verification, which the predicted length is
12. The predicted results which in the period of 1
month and in the period of 2 month are shown in Table
14. According to the table, it can be found that there
was only one inconsistency phenomena of the result
predicted in a period of 1 month, and two
inconsistency phenomena of the result predicted in a
period of 2 month of Yumen station for 12 months.
Similar results were shown for Huajialing station. All
this fully demonstrates the validity of the prediction.

Table 14. Summary of predicted drought level for
Huajialing station and Yumen station

Predicted resultina | Predicted resultin a
Station period of 1 month period of 2 month
Consistent | Inconsistent | Consistent| Inconsistent
number number number number
Yumen 1 11 10 2
Huajialing 1 11 10 2

The analysis shows that the log-linear model
can predict meteorological drought level consistent
with the actual value in a period of one month.
Although there is inconsistency possibly appeared in
some data, the predicted level is in proximity to the
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actually measured value. It is proved that this model
has a high prediction accuracy and can be used for
short-term drought warning in relevant watersheds.

5. Conclusions

Monthly precipitation data from 19 weather
stations in the Yellow River Basin from 1957 to 2009
are used to obtain the standard precipitation index
(SPI) sequence on the 12-month time scale. From the
statistics of various drought level transitions, a log-
linear model is established based on the 3D
contingency table to predict the short-term
meteorological drought level in the Yellow River
Basin.

The ratio of drought level transition
frequencies predicted by the model derives
appropriate dominance value and its confidence
interval. With 96 dominance and confidence intervals,
the drought levels in the next 1 ~ 2 month (s) are
predicted. In this way, the prediction precision has
been greatly improved. The algorithm can improve the
availability of drought monitoring information, and
provide the clues for water resources managers to take
measures against drought calamity.

Acknowledgements

This research was supported by National Natural Science
Foundation of China (51709221), National key research and
development plan projects (2017YFC0405901-2), Study on
the response mechanism of Drought and Flood in Guizhou
and countermeasures for disaster reduction (KT201705) and
Key Scientific Research Projects Plan of Henan Higher
Education Institutions (19A120008). Sincere gratitude is
extended to the editor and anonymous reviewers for their
professional comments and corrections, which greatly
improved the presentation of the paper.

References

Agresi A., (1990), Categorical Data Analysis, John Wiley,
New York.

Bhalme H.N., Mooley D.A., (1980), Large-scale
drought/floods and monsoon circulation, Monthly
Weather Review, 108, 1197-1211.

Chen L.L., Liu P.X., Yao Y.L., Zhu Z.J., Zhao M.J., (2013),
Variation characteristics of annual and spring
standardized precipitation index and Z index in
different climate regions of Gansu Province, Northwest
China in 1960-2010, Chinese Journal of Ecology, 32,
704-711.

Edwards D.C., McKee T.B., (1997), Characteristics of 20th
century drought in the united states at multiple time
scales, Department of Atmospheric Science, Colorado
State University, 634, 97-102.

Harman J.R., Elton W.M., (2015), The LaPorteprecipitation
anomaly, Annals of the Association of American
Geographers, 61, 468-480.

Heim R., (2002), A review of twentieth-century drought
indices used in the United States, Bulletin of the

1474

American Meteorological Society, 83, 1149-1165.

Liang Z.T., Hewitt R.R., Du Y., (2019), Research on design
method for the blue-green ecological network system to
deal with urban flooding: A case study of Charleston
Peninsula, International Journal of Design and Nature
and Ecodynamics, 14, 275-286.

Liu Q., Zhang G.L., Ali S., Wang X.P., Wang G.D., Pan
Z.K.,Zhang J.H., (2019), SPI-based drought simulation
and prediction using ARMA-GARCH model, Applied
Mathematics and Computation, 355, 96-107.

Mckee T.B., Doesken N.J., Kleist J., (1993), The
Relationship of Drought Frequency and Duration to
Time Scales, 8th Conf. on Applied Climatology,
Anaheim, 179-184.

McKee T.B., Doeskin N.J., Kleist J., (1995), Drought
Monitoring with Multiple Time Scales, Proc. of 9th
Conf. on Applied Climatology, Massachusetts:
American Meteorological Society, 233-236.

Moreira E.E., Coelho C.A., Paulo A.A., Pereira L.S., Mexia
J.T., (2008), SPI-based drought category prediction
using loglinear models, Journal of Hydrology, 354,
116-130.

Morid S., Smakhtin V., Bagherzadeh K., (2010), Drought
forecasting using artificial neural networks and time
series of drought indices, International Journal of
Climatology, 27, 2103-2111.

Nicholas R.E., Battisti D.S., (2008), Drought recurrence and
seasonal rainfall prediction in the Rio Yaqui Basin,
Mexico, Journal of Applied Meteorology and
Climatology, 47, 991-1005.

Palmer W.C., (1965), Meteorological drought, U.S.
Department of Commerce, Weather Bureau,
Washington, No.45, 1-58.

Patel N.R., Chopra P., Dadhwal V.K., (2007), Analyzing
spatial patterns of meteorological drought using
standardized precipitation index, Meteorological
Applications, 14, 329-336.

Paulo A.A., Ferreira E., Coelho C., Pereira L.S., (2005),
Drought class transition analysis through Markov and
Loglinear models, an approach to early warning,
Agricultural Water Management, 77, 59-81.

Shah R.D., Mishra V., (2016), Utility of Global Ensemble
Forecast System (GEFS) reforecast for medium-range
drought  prediction in India, Journal  of
Hydrometeorology, 17, 1-44.

Vicente-Serrano S.M., Begueria S., Lopez-Moreno J.I.,
(2011), Comment on “Characteristics and trends in
various forms of the Palmer Drought Severity Index
(PDSI) during 1900-2008” by Aiguo Dai, Journal of
Geophysical Research Atmospheres, 116, 41-41.

Wu H., Hayes M.J., Weiss A., Hu Q., (2001), An evaluation
of the standardized precipitation index, the China-Z-
indexand the statistical Z-score, International Journal
of Climatology, 21, 745-758.

Yang P., Xia J., Zhang Y., Zhan C.S., Qiao Y.F., (2018),
Comprehensive assessment of drought risk in the arid
region of Northwest China based on the global palmer
drought severity index gridded data, Science of the
Total Environment, 627, 951-962.

Yusof K.W., Hussain M., Mustafa M.R.U., (2019), Dam
operation under changing climate: Analysing water
availability and hydropower production from Murum
Dam in Sarawak, International Journal of Sustainable
Development and Planning, 14, 237-244.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


