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Abstract. Due to the short duration, high intensity and sudden intensity of torrential rain, mountain torrents
are easily formed in the northern hilly area.The distributed hydrological model is used as the main means of

rain-flood forecasting. Rainfall as an important input,its spatial interpolation accuracy and time scale directly
affect the forecast results.Therefore, in this paper, the spatial interpolation calculation and analysis of

rainstorm process with hourly scale is carried out in the northern hilly area. Taking Licheng district in Jinan
as the research area, the spatial interpolation methods, such as IDW,0K and OCK, are used to calculate the
spatial interpolation of 16 time-by-time rainstorm processes for 11 typical rainfall with different duration, and

the interpolation results are cross-validated and error analysis is carried out. The results show that the accuracy
of the collaborative Kriging interpolation considering the elevation is higher in the short duration rainstorm

process of the hilly area.

1 Introduction

As an important input factor of distributed hydrological
model, rainfall spatial interpolation accuracy and time
scale directly affect the prediction results of rain flood.
How to interpolate discrete rainfall data to obtain more
accurate rainfall spatial distribution information has
become a hot topic in hydrology. Li Jinjie'and others
compared the interpolation method of average monthly
rainfall in Southwest China, and proposed that the optimal
method should be selected based on different regions and
time scales;analysis of rainfall interpolation in different
terrain areas by Fanglin Dong? shows that considering the
influence of topography fluctuation on rainfall, the
interpolation accuracy can be improved;Cara Tobin3
compare the spatial interpolation of multi-factor
composite precipitation fields and input the hydrological
model to explore the influence of interpolation results on
runoff.The results show that the spatial interpolation
method combined with auxiliary variables can better
estimate the instantaneous rainfall and capture the spatial
distribution.

The rainstorm in the hilly area of northern China has
the characteristics of short duration, high intensity and
sudden intensity, and its rain flood forecast is still the
focus of mountain flood disaster research, and the input of
hydrological model is mostly hourly scale. And domestic
and foreign research is more inclined to day or above
scale.Therefore, it is necessary to carry out the time-by-
time interpolation analysis of rainstorm process.
IDW,0K,OCK are selected to analyze and compare,to
explore the applicability of different methods and the
degree of improvement of elevation factor.The temporal
spatial interpolation method of rainstorm process to meet

the actual demand is selected to provide a reference for the
simulation and research of rainstorm process in northern
hilly area.

2 Research areas and data sources

2.1 Regional overview of the study

The elevation of Licheng District of Jinan City decreases
from south to north, as shown in Fig. 1, the south and
middle are low hills, steep terrain, accounting for 83.4%
of the total area of the whole area. Average annual rainfall
in Licheng District is 665.7 mm, decreasing from south to
north with the change of topography, and the annual
distribution is concentrated in summer, and most of them
are short duration heavy precipitation. There are 13 rainfall
stations in Licheng District. The distribution map and list
are shown in Fig. 1 and Table 1.
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Fig. 1. DEM of LiCheng and Distribution of rainfall station.
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Under the influence of topography, geomorphology
and climatic conditions, the types of mountain torrents in
Licheng District are mostly river flood disasters.The
middle and upper reaches of the river are fast, Floods have
risen sharply, the peak value is high and the peak time is
short,The downstream terrain is gentle, often due to slow
flood discharge, south to north flooding caused serious
flood disaster.

Table 1. List of rainfall stations in Licheng, Jinan.

Station  |East longitude[North latitude|absolute altitude(m)
HTQ 117° 03’ 36° 42/ 24
DW 117° 11’ 36° 36’ 201
HC 117° 11’ 36° 43’ 53
Wiz 117° 19’ 36° 36’ 251
QJ 117° 18’ 36° 41’ 96
SCJZ 117° 15’ 36° 50’ 23
ZL 117° 17’ 36° 31’ 377
XY 117° 13’ 36° 30’ 282
QJZ 117° 03’ 36° 30’ 162
WP 117° 10’ 36° 24’ 292
LF 117° 07’ 36° 26’ 221
GNE 117° 02’ 36° 24’ 252
WHS 116° 58’ 36° 30’ 163

2.2 data sourcesFormatting the text

According to the analysis of the hourly rainfall data of
Licheng District from 2010 to 2014, the rainfall duration
of Licheng District is relatively short, which is basically
within 6 h. Taking into account the rainfall coverage and
rainfall intensity standards, according to the principle that
all rainfall stations have rainfall and at least one rainfall
station meets the rainstorm standard (>16 mm/h), a total
of 11 typical rainfall are selected. The duration and hourly
rainstorm process are shown in Table 2, and 16 hourly
rainstorm processes are obtained.

Table 2. Typical rainfall and the hourly rainstorm process.

No.1 | Pl by ration | No2 | Rainstorm
rainfall process

1 2012070801

2 2012070802
A 20120708 Sh 3 2012070803

4 2012070804

5 2012070805

6 2013060805
B 20130608 2h 7 2013060806
C 20100617 1h 8 2010061720
D 20100820 1h 9 2010082003
E 20100907 1h 10 2010090712
F 20110702 1h 11 2011070213
G 20120710 1h 12 2012071004
H 20120818 1h 13 2012081818
I 20130713 1h 14 2013071309
J 20130716 1h 15 2013071603
K 20130812 1h 16 2013081200

3 Research method

3.1. Inverse Distance Weight

IDW, based on the principle of similar similarity, it is
considered that the weight coefficient of the rainfall
station near the center point of the grid is a power function
of the distance between the rainfall station and the
interpolation point. The rainfall at the center point of the
grid is obtained by calculating the weighted average value
and as the average surface rainfall®.

1 1\t
P =2k e b (T om) (1)

D; = /(o — x1)% + (Yo — ¥1)? 2
The Pyis the estimated rainfall value; the P, is the
measured rainfall of the i (n) rainfall station; the Dj; is the
distance between the first rainfall station and the point to
be evaluated; the n is the power of the inverse distance D;,
and the selection standard is to reach the minimum
average absolute error.

3.2. Ordinary Kriging

OK is a method for unbiased optimal estimation of
regionalization variables in a limited region based on the
theory of differential function and structural analysis®. The
applicable premise is that the regionalization variable has
spatial correlation and satisfies the second order stationary
hypothesis.
P*(Xo) = Xy AP (x) (3)

The P*(X,) is the estimated rainfall value, the P(X;)
is the measured rainfall of the i (i=1,2,..., n) rainfall
stations, and A; is its linear combination coefficient.

The A; criteria selected arecriteria are

unbiased: E[P(X,) — P*(Xy)] = 0;

Optimal: Var[P(X,) — P*(X,)] = min.

Combined with the second order stationary hypothesis:

E[P(X)] = E[P(X + D)] = P Calculated:

=i =1
n “)
{Zi=1 Ay(xi, %) + P =y (xi, %0);

The y represents a semi-variant function, y(h) =

~E[P(X)— P(X + D)] 2,

3.3. Co-Kriging

OCK is to optimize the estimation of the main variable on
the basis of the common Kriging interpolation value, so as
to improve the of interpolation accuracy®. Auxiliary
variables need to be related to the main variable space and
easy to obtain data. The set of cooperative regionalization
variables can be represented by k sets of interrelated
random functions {p,(x),k =1,2,...,K}}. Under the
second order stationary hypothesis:
P‘%{O = Yk=1 2},::1 Aay, Pay, (%)

The k, is k=1,2,.., The main variable to be estimated

in the K regional variables,rainfall,the P‘ﬂ‘;o is the

synergistic Kriging estimate of rainfall, and the p,, (o) =
1,2,...,ny) is the measured rainfall in the region. The
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Ag, 1s the synergistic Kriging weighting coefficient to be
determined,can be obtained by Lagrange multiplier
method under unbiased and optimal conditions’:

kl -
Yo Zgir=1 Ak Cik (Uﬁk,, Uak) — Hk

= a, = 1,2, e, Ny
= Cko,k(Vko’v“k) v k=12,..,K (6)

Nk

Zak2=1lak0 = 1
Yok 1A, =0 Vk # kg

ag=1
The p; is Lagrange multiplier, the C, ) is the mean
value of mutual covariance, and the relationship between
mutual variation function and mutual covariance is as

follows:
Yirk(h) = Cr(0) = S [Cri () + Cr (] (7)

3.4. Study on Spatial Interpolation of Time-by-
Time Rainstorm in Regions

Taking the ArcGIS as the processing platform, the IDW,
the OK method and the OCK method provided by the
Geostatistical Analyst are used to analyze the data and
adjust the parameters of 16 hourly rainstorm processes in
Licheng District of Jinan City.

IDW mainly depends on the power value and the range
of the search neighborhood. The most reasonable result
can be obtained by taking the power value 0.5-3, further
optimizing and determining the power value by
minimizing the root mean square prediction error, and
adjusting the smoothing coefficient and the short and short
half axes according to the measured data with smoothing
as the neighborhood type. Part of the results are shown in
Fig. 2.
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Fig. 2. Partial IDW results of Rainstorm Processes.
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Fig. 3. Partial OK results of Rainstorm Processes.

The semi-variable function can check and quantify the
spatial autocorrelation. In the case of real but difficult to
calculate the semi-variable function directly, the semi-
variable function is usually modeled, that is, the
parameters of the mathematical curve are best fitted with
the measured data.

OK is based on the semi-variable function cloud
diagram, the fitting model is combined with the empirical
semi-variable function, and the best fitting of the semi-
variable function model is used to optimize the parameters
such as step size, block gold, partial base table and
variable path. Taking smoothing as the neighborhood type,
the smoothing coefficient and the long and short half axis
are adjusted. Some of the results are shown in Fig. 3.

Combined with the characteristics of annual average
rainfall decreasing with elevation from south to north,
elevation is selected as the auxiliary variable of rainfall.
Cross covariance cloud map is used to analyze the cross
correlation between rainfall and elevation at each rainfall
station8.Different semi-variable function models of
rainfall and elevation are fitted respectively, and the most
suitable data structure is selected to couple the model and
adjust the parameters to achieve the best fitting. Taking
smoothing as the neighborhood type, the smoothing
coefficient and the long and short half axis are adjusted.
Some of the results are shown in Fig. 4.
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Fig. 4. Partial OCK results of Rainstorm Processes.

4 Results Analysis and Discussion

4.1. Analysis of interpolation results

The interpolation results of the 2012070801 and
2013061806 rainstorm processes are shown in Fig. 5.As
can be seen, IDW, OK, OCK considering elevation can
roughly reflect the spatial distribution of rainfall in the
studied region. Among them, IDW the "bull's eye" at the
rain station, There are more rainfall mutations in space,
The change process is rough; OK. OCK reduced the
"bull's eye" phenomenon in IDW, Equilibrate the
maximum minima in the region, have more smooth
performance.The OCK is slightly inclined to the highest
elevation(southeast)relative to the OK rainstorm center,
Rainfall is also lower at the lowest elevation(northern).It
is consistent with the characteristics of annual average
rainfall decreasing with elevation from south to north.
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14 2013071309 4.369 3.784 3.246

15 2013071603 8.158 7.348 6.472

16 2013081200 5.686 5.704 5.454

mean value 5.618 4.993 4.480

NO.2 Rainstorm RMSE(mm)

) process IDW OK OCK

1 2010061720 5.781 5.577 4.988

2 2010082003 7.821 7.197 6.689

(a) IDW (b) OK (c) OCK 3 2010090712 6.792 6.246 6.080
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‘ 10 2012071004 6.801 5.981 5.610

11 2012081818 9.989 7.771 6.774

12 2013061805 6.135 5.630 5.344

13 2013061806 5.240 4.659 4.341

14 2013071309 5.492 4.735 4413

15 2013071603 10.246 8.538 7.648
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Surface rainfall of “2013061806” under different interpolation methods mean value 7214 6.384 5914
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Fig. 5. Partial results comparison chart of Rainstorm Processes
under different interpolation methods.

4.2. Cross validation analysis

The interpolation results are analyzed by cross verification:
one known point is omitted as the verification data in order,
and the other known points are used to predict the point,
S0 as to obtain the error between all known points and their
predicted values. The average absolute error (MAE) and

o M ow B 1o o~ e W

root mean square error (RMSE) are usually used to reflect RMSE of different interpolation methods
the actual situation of the predicted error and the degree of 12 RMSE(mm) mOCK WOK WIDW
dispersion respectively.’ 10
MAE = - 37X, — x| (®) .
RMSE = /%zy(xi —x)? ©9) g
The MAE is the average of the absolute error, RMSE !
the deviation between the predicted value and the 2 I
measured value. 0 No.2
The error results of interpolation of 16 rainstorms are 1284567 8 09 10111213 1411516
shown in Table 3 and Fig. 6. Fig. 6. Error analysis chart of cross validation results.
Table 3. Error analysis table of cross validation results. According to the chart above:
(1)Average absolute error: except that the error IDW
NO2 Rainstorm MAE(mm) during the 16th rainstorm is slightly less than OK,
process IDW OK OCK IDW>0K>OCK; for the remaining 15 Compared to IDW,
1 2010061720 5.204 4.789 | 4.254 The error between OK and OCK was reduced by 11.12%
2 2010082003 6.419 5.634 | 5.035 and 20.26% ,respectively. Therefore,IDW prediction error
3 2010090712 5.022 5.003 4.734 range is maximum, OCK_ minimum.
4 2011070213 8.816 8.321 7.743 ’ . .
5 2012070801 2408 21290 | 4056 (2)Root mean square error:16 rainstorm processes are
6 2012070802 4,060 3220 | 2.605 all IDW>OK>OCK,OCK,QK 18.02% .and'll.Sl% lower
7 2012070803 4.439 3668 3.607 than IDW, the OCK prediction deviation is small‘ef, thp
3 2012070804 8110 7044 | 6334 dispersion degree is smaller and the overall stability is
9 2012070805 2.812 2.128 [ 1.532 better.
10 2012071004 5.149 4909 | 4.041
11 2012081818 7.805 5751 | 4.741 4.3. Discussion
12 2013061805 4.832 4306 | 3.847
13 2013061806 4.600 4.145 | 3.980 According to the order of applicability of three spatial




E3S Web of Conferences 248, 03043 (2021)
CAES 2021

https://doi.org/10.1051/e3sconf/202124803043

interpolation methods for hourly rainstorm in Licheng
District of Jinan City, OCK>OK>IDW, are discussed as
follows:

(1)  The IDW error is obviously large because it
only considers distance in the interpolation process, and
has a higher dependence on the power value of distance
and the search neighborhood, in which the power power
power of distance reciprocal can not fully reflect the
correlation of rainfall space. Therefore, the interpolation
surface mutation is more, the error is larger.

(2) The spatial distribution of rainfall can be
described more accurately by using the best fitting model
of semi-variable function to quantify the autocorrelation
of the data OK compared with the IDW. Therefore OK it
has better overall correlation, avoids the phenomenon that
the sampling point must be the extreme point, the surface
of the interpolation result is smoother, and the prediction
of the extreme point position (rainstorm center) is more
accurate and the error is relatively small.

(3) OCK using elevation as auxiliary information
and based on the cross-correlation analysis of rainfall and
elevation, the semi-variant function model of rainfall and
elevation is coupled to make the predicted rainstorm
center more reasonable and more consistent with the
actual situation in the research area.

5 Conclusion

Taking Licheng District of Jinan City as the research area,
three different spatial interpolation methods are used to
calculate the time-by-time spatial interpolation of 16
rainstorm processes, and the interpolation results are
analyzed and the analyzed. The main conclusions are as
follows:

(1) The Inverse Distance Weight has many
mutations in space, and the phenomenon of "bull's eye" at
rainfall station is obvious;the Ordinary Kriging and the
Co- Kriging considering altitude equalizes the spatial
mutation, which is relatively smooth on the whole and
more reasonable in predicting the center position of
rainstorm.The latter correlates rainfall with elevation, and
interpolated surfaces are more realistic.

(2) The mean values of the mean absolute
errors(MAE) of Inverse Distance Weight, Ordinary
Kriging, Co- Kriging considering elevation are
5.618,4.993,4.480, respectively.The mean values of root
mean square error(RMSE) are 7.214,6.384,5.914,
respectively.The prediction error range of Co-Kriging
interpolation considering elevation is the smallest, the
dispersion is the smallest, the overall stability is the best,
and the accuracy is the highest.Therefore, for the short
duration rainstorm process in the northern hilly area with
topographic undulation, the Co- Kriging considering
elevation describes the spatial distribution of rainstorm
better, the accuracy is higher, the Ordinary Kriging is
the second, and the Inverse Distance Weighted
interpolation method is poor.
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