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Fig.1 Schematic diagram of temperature interpolation zone: (a) before interpolation; (b)after interpolation
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Fig.4 Distribution of double random testing stations in four regions of Shandong province
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Fig. 6 Zone division of daily mean temperature series of interpolation station D0122 (The date range of zone A
is from March 31 to June 30, 2021. The date range of zone B is from July 1 to September 30, 2021. The date range
of zone C is from October 1 to December 31, 2021.The dotted lines are the zone boundaries, and the five-stars

mark the date of demarcation)
£ DTW BRI, i piffthut D122 fllirsh (B 5), AN (6) MimiLuhizd—it5 H-FHS

R DTW BEE (W1 1 F). MAEER 1 i DTW IR HEE, ¥ DTW BH B &/ N sh i E NS Rk, o5
DO181, #EES N 218.7°C,

F1 FAhuiD0122 5 11F 5k HF XS IR DTWEE 5

Table 1 DTW distance of daily mean temperature between interpolation station D0122 and its adjacent stations

ikl D0215 D0218 DO0184 D0219 D0229 D0143 D0141 D0004 DO0135 D0266 D0217 DO0134

DTW # /°C 331.3 287.2 517.4 326.9 276.0 318.5 291.7 224.5 322.7 293.3 351.5

366.0
ikl DO0158 DO0181 DO0125 D0124 D0228 DO0127

DO0159 D0227 DO0132 D0221 D0207

DTW # #/°C 305.6 218.7 275.6 297.1 301.4 282.9 265.2 268.5 294.8 250.9 239.5

fE3kE DO181 NS [utija, AL &K 7, X e SHfirh IR iR an T -
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G —AFFMALA L (B 7o Hf B XKEUE RS 528k DO181 %4k (K 7011 B X EUE /)
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Fig. 7 The interpolation process of daily mean temperature: (a) the primary interpolation; (b) and (b’) the
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ASOHR H AP H e U H R IR = A 3 AE 1 AR O e XA X ATLAS: 36 445 SR 73 il
{ER2-FRA, FEHH X S G RMSEFIMAES G b St MEREAT T hiE.

K2 AR RAE L ZR 48 DY A 3 DX XU ATL e A ML 56 45

Table 2 Double random interpolation and test results of daily mean temperature in four regions of Shandong

province
o o E kX Hrpih X HRHIX e 5 Hh X
iR L N2
RMSE/°C  MAE/°C RMSE/°C  MAE/°C RMSE/C  MAE/C RMSE/°C  MAE/°C
AR 0.446 0.354 0.828 0.704 0.406* 0313 0.598 0493
DTWHEE
TR 0.408* 0.348" 0.680* 0.554" 0.406* 0.312° 0.546* 0.438"
R 0.542 0.444 1.723 1.581 0.561 0453 0.667 0.561
KV HE B )
T 0.459 0.365 1.033 0.898 0.424 0.332 0.561 0.470
W RAEEh 0.591 0.480 0.973 0.828 0.686 0.569 0.686 0.544
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ZIRAERN 0.528 0.422 0.757 0.606 0.480 0378 0.634 0.507
VE: RS AR E ML X HRMSESRFRE/IME,  ARFSARTE R —HL X HMAEFS b i /ME -

R3H TR AR L 2R DY A 3B DX R OB LA 4 M 56 45

Table 3 Double random interpolation and test results of daily maximum temperature in four regions of Shandong

province
o o AP IbH X X X 2 i X
PEESMEE RN
RMSE/FC  MAE/PC RMSE/FC  MAE/°C RMSEFC ~ MAE/°C RMSE/PC  MAE/°C
L —kdEH 0.738 0.571 1.489 1.284 0.880 0.642 1.019 0.764
DTWE .
TSN 0.725% 0.561° 1.029* 0.802° 0.859* 0.633° 0.960%* 0.732°
AR 0.907 0.704 2.277 2.061 0.976 0.803 1.161 0912
KPS
ZURAEEN 0.852 0.658 1.301 1.076 0.859* 0.676 1.042 0.813
o — A b 0.939 0.753 1.751 1.468 1.102 0.784 1.533 1217
WK
TN 0.843 0.669 1.225 0.953 0.940 0.724 1.306 1.051

e #FESARE R — X P RMSEfR bR ME, AR SARE R — X FMAESE bR M-

4 H ARG AL L 2R 48 D0 b XA XU AL MG 56 45
Table 4 Double random interpolation and test results of daily minimum temperature in four regions of

Shandong province

o b X X X 2 X
FEBSMEE G EL
RMSE/FC  MAE/PC RMSE/FC  MAE/°C RMSEFPC ~ MAE/°C RMSE/PC  MAE/°C
L —kdEH 0.509 0.382 0.950 0.745 0.538 0.377 0.722 0.547
DTWE .
ZUAEED 0.487* 0.363" 0.900* 0.693° 0.515% 0.355" 0.712% 0.542°
AR 0.688 0.539 1.749 1.531 0.693 0.519 1.070 0.850
KPS
ZURAEEN 0.585 0.456 1.305 1.108 0.591 0.444 0.909 0.739
o —AEHH 0.859 0.671 0.924 0.721 0.989 0.777 0.804 0.599
WK
TN 0.711 0.583 0.900% 0.698 0.729 0.551 0.778 0.627

W AR ARE R HIX A RMSESRFR iR /ME,  ARFSARTE R — X HMAEFE#7 i/ ME -

AR R A7 HE PP 16 5L T 0 -

(OXFHSFBAE (82, RGP, SRR RHhX, DTWEE S T M = R 6 #h 45 RIERMSEF b5
MMAEf b B RBER A L& B HIX, DTWER B T B —Jufish 45 R BOARERMSESR bR b5 — K dfi%b
KULFFF (RMSE=0.406°C), {HEMAEf& R ERILEM (MAE=0.312°C).

Q@)X FHEm AR (R3), fEEFIL. SRR X, DTWEEENE T K kE s R EERMSESR b
MMAE#E bR BRI A EE R, DTWEEESIIEE T i) — Ik ifi bk R EIRERMSEFR bR b 5 /K- EE &
DR ZAEFNR I (RMSE=0.859°C), {HYEMAE#E#F: LRI HE R (MAE=0.633°C).

Q)X T H BRI (%4), fEEPEIL. S RRRE X, DTWEEEIE T ) it RAERMSES iR
MMAEf&br ESRBE N fE& X, DTWER B T H —Jufish 45 R BOAERMSESR bR b 5 ik m
DFE R ) X Ad AR I (RMSE=0.900°C), {HfEMAEf:#: ERIMEMR (MAE=0.693°C).
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Twice Interpolation of Daily Temperature Based on DTW
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Abstract: As the most basic physical quantity for studying on climate evolution, the integrity and accuracy of daily
temperature series are of great significance for climate analysis and assessment. In recent years, with the deployment
of a large number of unmanned ground intensified automatic weather stations, missing data with double random
characteristics such as random distribution of stations and random lengths of series, which poses significant obstacles
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to climate analysis and operational applications. In view of the shortcomings of the existing methods for
meteorological data interpolation, a new twice interpolation method of daily temperature data based on dynamic time
warping (DTW) is proposed in this paper. The method adopts a real-time interpolation strategy, which mainly includes:
(1) The method decomposes the temperature observation time series into a fitted straight line and a residual curved
line by using univariate linear regression equation, and recomposes new temperature series by combining the two
lines; (2) The method provides the definition and interpolation conditions of temperature interpolation areas; (3)The
method proposes a new model for calculating the distance between stations by DTW . The collecting temperature
data from Shandong Province in 2021 is used to test the method, and the test results show that the method can meet
the interpolation needs of daily temperature data with double random characteristics, and the combination method of
DTW distance and twice interpolation in the interpolation process can achieve a better effect than any of the other
combination based on site geographical proximity relationships; the method is sensitive to terrain, and the
interpolation effect in plain or hilly area is better than that in mountainous area.

Key words: Daily temperature; DTW; Recomposition; Twice interpolation
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