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Application of Kalman Filter Method in the Forecast of
Temperature in Nanchang
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Abstract A temperature forecasting model was created firstly based on the Kalman filter method, and then used to predict the highest and lowest temper-
ature in Nanchang station from October 27 to November 1, 2017. Finally, according to the empirical forecasting method, guidance forecasts were estab-
lished for the northern, central, and southern parts of Nanchang City. After inspection, it was found that the temperature prediction model established
based on the Kalman filter method in Nanchang station had good prediction performance, and especially in the 24-hour forecast, it had advantages over

the European Center. The accuracy of low temperature forecast was better than that of high temperature forecast.
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The change of temperature is closely related to people’ life,
and temperature forecast can guide citizens to wear clothes and
travel. With the improvement of living standards, citizens’ demand
for refined temperature forecast is increasing day by day. At
present, temperature forecast mainly relies on numerical model
results, and no in-depth research has been conducted on how to
correct numerical model results in local areas. The research on
the refined forecasting method fails to meet the current social
requirements.

The temperature in different places of a region is often affect-
ed by terrain, underlying surface, environment and other factors.
The numerical forecast data based on the average of regional ideal
state has certain differences in the forecast of such daily extreme
value. In daily work, forecasters need to revise numerical forecast
products according to experience, but the correction effect is often
greatly reduced because the revision method is not systematic and
quantitative.

Nanchang is located in the Poyang Lake area, and borders
Meiling in the north. There is heat island effect in the urban area.
Environmental factors make temperature forecast more complicat-
ed. Especially, the weather forecast of Nanchang as a provincial
capital has received more extensive attention, so it is urgent to
carry out relevant analysis and research.

In this paper, based on the monitoring data of temperature
over the years and the summarized forecast correction experience
of forecasters, a systematic quantitative temperature forecast cor-
rection method which can be used in daily forecast work was stud-
ied to provide technical support for future forecast. It is of great
significance to study the local correction scheme of temperature for

further improving the refined forecast of villages and towns.
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1 Data and methods
1.1 Data sources The data used in this study are from Jiangxi
Provincial Information Center, including ECGQ numerical forecast
data of Nanchang City during 2016 — 2017, temperature data of
national stations in Nanchang City from 2012 to 2016, and data of
regional automatic stations in Nanchang during 2012 —2016.

1.2 Research method At present, MOS forecasting method is
widely used in forecasting business, and it is a forecasting method
based on numerical forecasting model products. With the develop-
ment of numerical prediction, numerical models are constantly up-
dated and improved, and there will be some prediction errors in
the process of using MOS prediction method. Therefore, it is nee-
ded to explore a prediction model that can adapt to the change of a
numerical model. In recent years, Kalman filter method has been
used more and more in the establishment of prediction models,
and has achieved satisfactory results. In this paper, Kalman filter
method was combined with local forecasting experience to establish
a model suitable for the local maximum and minimum temperature

forecast methods in Nanchang.

2 Kalman filter principle

Kalman filter is a modern dynamic system analysis tech-
nique. It takes the system state space model as the analysis ob-
ject, and uses modern stochastic estimation theory to give the re-
cursive estimate of unbiased minimum variance of the system state
according to the system model affected by noise and the system ob-
servations containing noise interference. By using the basic idea of
filtering, the prediction equation can be modified by the feedback
information of the prediction error at the transfer time, and the
best estimate of the required physical parameters can be obtained
by processing a series of actual measurement data with errors. The
advantage of using Kalman filter method is that it does not need

too much historical data value of numerical forecast products, and
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can constantly revise the calculation equation, so it has a wide ap-
plication prospect.

It is assumed that the filtered objects constitute a certain form
of stochastic dynamic system, and based on this stochastic dynam-
ic system, recursive filtering is carried out. The composition of
stochastic dynamic system and the method of recursive filtering are
introduced as follows.

2.1 Composition of stochastic dynamic system The stochas-
tic dynamic system consists of two sets of equations; state equation
(1) and prediction equation (2) :

B =B +e&._, (1)

Y, =XB +¢&(t=1) (2)

State equation (1) describes the changing rule of the state of
a stochastic dynamic system. In the equation, B, is the coefficient
of the regression equation; &,_, is the dynamic noise; Y, is the
predicted value at time ¢, and can be expressed as a n-dimensional
variable :

Yo=lyiy s 0]

X, is the predictor at time ¢, and can be expressed as a matrix

of n x m dimensions:

Xy Xy T Xy,

Xy Xy Tttt Xy,
X, = :

Xy Xpp T Xy,

Based on the random vector of state at time ¢ — 1, the desired
random vector of state at time ¢ can be estimated by equation (1).
In the process of change from the state at time ¢ -1 to the state at
time ¢, the change of the random vector of the state is affected by
random perturbations (i. e. dynamic noise).

Prediction equation (2) describes the relationship between
state variable 8, and prediction variables Y, and X,. At the same
time, this relationship is affected by measurement noise v, , and its
mean is 0, v,=N(0, V), where V is variance.

It is supposed that sums are uncorrelated white noise, and
their mean is 0. Therefore, no matter how the number of calcula-
tions is increased, there is no need to store a lot of historical data
and data, and it is only needed to add, subtract, multiply and in-
vert the matrix, which is the advantage of Kalman filter method.
2.2 Kalman filter recurrence method The generalized least

square method is used, and the Kalman filter recurrence formula is

as follows:
Y, =XB,_,' (3)
R =C,_, +W (4)
5 =XRX +V (5)
A =RX's™ (6)
B =B +A(Y -Y) (7)
C, =R -A8A" (8)

Formula (3) is the prediction equation, where Y, is the
forecast value; X, is the forecast factor; B,_," is the regression
number. In formula (4), R, is the error variance matrix of 8 value

at time T, and W is the variance matrix of error setting value g, _,.

In formula (5), 8, is the prediction error variance matrix, and X"
is the transposed matrix of X, ; V is the variance matrix of measure-
ment noise. In formula (6), A, is the gain matrix, and § ' is the
inverse matrix of §,. In formula (7), Y, is the actual observed val-
ue of the forecast quantity. In formula (8), C, is the error vari-
ance matrix of 8,. By repeated calculation from formula (3) to
(8), the coefficients in the prediction equation can be corrected
while making the prediction.

B., C,, Wand V are the four important parameters during the

calculation, and the initial values and must be determined to
achieve the recursion process by repeatedly calculation.
2.3 Establishment of prediction equations As the tempera-
ture of Nanchang station represents that of surrounding areas, it is
decided to establish the prediction equation of temperature in Nan-
chang station. The forecast of temperature in other stations can be
revised by empirical means based on the results of Nanchang sta-
tion. The 2M temperature, 1 000 hPa temperature, 925 hPa tem-
perature and 850 hPa temperature predicted by ECGQ numerical
model at 20:00, as well as the daily minimum and maximum tem-
perature in the past 24 h are selected as the forecasting factors,
and the prediction equations of the minimum and maximum tem-
perature in Nanchang were established by using multiple regres-
sion method. Next, the minimum temperature in Nanchang station
is taken as an example.

Based on the sample data in 2016, the above regression
equation was established, and the regression coefficient was esti-
mated: B8, =[6.3107, 0.090 0, -0.3816, 1.221 4, 0.108 2,
0.5349].

Because it is obtained from the sample data through strict
mathematical calculation, so it is considered to be accurate, and it

is the zero matrix:

00000
0000 O
C,=|0 0 0 0 0
0000 O
00000

There is no particularly effective method to determine W and
V. The research shows that the initial values of these two parame-
ters are not sensitive to the correction of the regression coefficient,
so the empirical method is used here to determine them subjective-
ly. According to the assumption of white noise, the initial values

of W and V can be determined as follows;

50 0 0 0 O 0 0 0 0 O
0 50 0 0 O 0 10 0 0 O
w=0 0 5 O 0| V=0 0 10 0 O
0 0 0 5 O 0O 0 0 10 O
0 0 0 0 50 0 0 0 0 10

After the four parameter values of the recurrence start are de-
termined, the prediction equation of the minimum temperature can
be obtained according to the recurrence formulas (3) — (8) :

T, =6.3107 +0.097, — 0. 381 67,4, + 1.221 47,5 +
0.108 2Ty, +0.534 9T,

min -1
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Similarly, the prediction equation of the maximum tempera-

ture can be obtained as follows:
T. =5.4339+0.126 6T, —0.064 4T, + 1. 150 4T, +
0.250 1 Ty, +0.304 1T

max — 1

3 Subjective revision of district and county

temperature based on Nanchang station

Due to the differences in latitude and longitude, geographical
location and surrounding environment of the five national stations
in Nanchang City, there are some differences in the monitored
temperature of each station. There is a certain difference in tem-

perature under different weather conditions, so it is particularly

complicated to predict temperature. Hence, the temperature in the
five national stations in Nanchang City is predicted based on the
forecast of temperature in Nanchang station. By judging different
weather phenomena, weather processes, and sky conditions, the
maximum and minimum temperatures are distinguished and empir-
ically corrected.

3.1 Representative analysis of the national stations in Nan-
chang The annual values of each element from 2012 to 2016 are
compared and analyzed, respectively, and the average temperature
of all stations in the city (including the national stations in Nan-

chang) and national stations in Nanchang are shown in Table 1.

Table 1 Average temperature of all stations in the city and national stations in Nanchang

Average Average Maximum Minimum Average Extreme Relative
temperature // °C temperature // °C temperature // °C wind speed //m/s wind speed //m/s humidity // %

The whole city 18.87 38.70 -2.55 1.94 17.00 70.99

National stations 18.87 37.77 -1.93 1.75 14.43 74.08

Seen from the three-year average temperature, the average
temperature of the national stations was basically the same as that
of all stations in the city. From the maximum temperature, the
maximum temperature of the national stations was nearly 1 “C low-
er than that of the whole city. The minimum temperature of the
national stations was slightly higher than that of the whole city,
and the difference was less than 1 °C.

The average wind speed of the national stations was about
0.19 m/s smaller than that of the whole city, which was related to
the location of some regional stations on the banks of rivers and
lakes and on the roofs of buildings. The extreme wind speed of the
whole city was obviously larger than that of the national stations.

Seen from the average of relative humidity (only five regions

stations have stable data of relative humidity) , the average relative
humidity of the national stations was higher than that of regional
stations, and the difference was up to about 4% .
3.2 Comparative analysis of elements of each station in the
city From the above analysis, it can be seen that there were
some differences in the elements between urban and suburban are-
as of Nanchang City, especially the average temperature, the max-
imum temperature and the minimum temperature.

It can be seen from the average temperature in all stations of
the city (Fig. 1) that the average temperature in urban areas was
higher than that in mountainous suburbs. However, the increase
did not exceed 1.5 °C, and the reduction did not exceed 2 °C.
With the continuous expansion of Nanchang urban area in recent
years, the slightly low-temperature areas in the suburbs were only
some regional stations in Wanli District.

Similarly, the maximum temperature and minimum tempera-
ture in all stations of the city were analyzed. It is found that the
average of the maximum temperature in the national stations of
Nanchang was 0.93 °C lower than the average of the city, and the
absolute values of anomaly in most stations were within 1 °C. The
minimum temperature in all stations of the city was 0 — 1 “C higher

than the average of the whole city. The minimum temperature in

suburban stations was significantly lower, 1 —4 “C lower than the
average of the whole city.
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Fig.1 Average temperature in each station from 2012 to 2016

4 Trial run and test of the method

The new temperature forecast models were used to forecast
the temperature from October 27 to November 1, 2017, and the
forecast results were tested.

As shown in Fig. 2, when the temperature within 24 h was
predicted, the score of the maximum temperature predicted by
Kalman filter method was 91, and the score of European Center
was 73. The score of the minimum temperature predicted by Kal-
man filter method was 65, and the score of European Center was
74. As the time is 48 h, the maximum temperature was scored 56
by Kalman filter method and 61 by European Center. The mini-
mum temperature was scored 70 by Kalman filter method or Euro-
pean Center. When the time increased to 72 h, the maximum tem-
perature was scored 65 by Kalman filter method and 50 by Europe-
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an Center. The minimum temperature was scored 62 by Kalman
filter method and only 23 by European Center. It is concluded that
Kalman filter had a certain advantage over European Center in
prediction of the maximum temperature, especially in 24 h. In the
forecast of the minimum temperature, Kalman filter method also
had certain advantages. In the first 48 h, Kalman filter method
was comparable to European Center, and became better after

72 h.

-e- Maximum temperature (Buropean Center)

100 -= Minimum temperature (Buropean Center)
-a- Maximum temperature (Kalman filter)
-o- Minimum temperature (Kalman filter)
75
& 50
[}
A
25 F *
0 1 1 1 J
24 48 72 96 120
Time /I h

Fig.2 Score of the prediction of the maximum and minimum tem-
perature from October 27 to November 1, 2017 based on
Kalman filter method and European Center

The prediction of Kalman filter method was relatively good,
which is closely related to the selection of factors in the equation.
In general, Kalman filter method achieved good results in this
process. However, the current factors make the system unstable,
and more research on the selection of factors is needed in the fu-

ture, which is worth further discussion in the future work.
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Fig.3 Example of temperature forecast interface

After the forecast equation was established by Kalman filter,
it was corrected by subjective forecast method. According to the
predicted weather conditions, the north guide forecast, the middle
guide forecast and the south guide forecast were established. As
shown in Fig. 3, the new temperature forecast software has a sim-
ple interface that allows all values to be seen at a glance and al-

lows comparisons with the prediction of European Center.

S Conclusions

The temperature forecast model based on Kalman filter meth-
od was used to forecast the maximum and minimum temperature of
Nanchang station from October 27 to November 1, 2017. Finally,
according to the empirical forecasting method, the north guide
forecast, the middle guide forecast and the south guide forecast
were established. Some conclusions were drawn as follows.

(1) The temperature of Nanchang was higher in the center
(near the urban area) than the south and north, which is related
to the urban heat island effect to a certain extent. The elements of
Nanchang station were representative in the whole city, and the
temperature anomaly was about 1 °C compared with the average of
the whole city.

(2) The temperature forecast model of Nanchang station was
established based on Kalman filter method, and was corrected it
by the empirical method to obtain the temperature forecast method
of the whole city. The test show that it had certain forecasting
ability, and especially the forecast within 24 h had advantages
over European Center. The accuracy of low temperature forecast
was better than that of high temperature forecast.

(3) Kalman filter method requires less historical data and is
simple, but the prediction results are closely related to the selec-
tion of factors in the equation, so it is worth further research in the
selection of factors.
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