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Development of a Model Combining Covariance Matrices Derived
from Spatial and Temporal Data to Estimate Missing Rainfall Data

Chan Yong Sung
Department of Environmental Planning, Keimyung University, Daegu 704-701, Korea

Abstract

This paper proposed a new method for estimating missing values in time series rainfall data. The proposed method
integrated the two most widely used estimation methods, general linear model(GLM) and ordinary kriging(OK), by taking a
weighted average of covariance matrices derived from each of the two methods. The proposed method was cross-validated
using daily rainfall data at thirteen rain gauges in the Hyeong-san River basin. The goodness-of-fit of the proposed method
was higher than those of GLM and OK, which can be attributed to the weighting algorithm that was designed to minimize
errors caused by violations of assumptions of the two existing methods. This result suggests that the proposed method is more
accurate in missing values in time series rainfall data, especially in a region where the assumptions of existing methods are not
met, i.e., rainfall varies by season and topography is heterogeneous.
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Fig. 1. Conceptual diagram of a semivariogram.
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Table 1. Average daily precipitation in Geomdan and 12
neighboring rain gages

8

Daily average Precipitation Precipitation

Rain gages  O°%°  precipitation  7.72010  7.21,2010
R (mm) (mm) (mm)
Boolgooksa 21014120 245 102 21
Cheongbook 21014110 2.6 76 34
Deokdong 21014130 2.74 87 29
Doodong 21014090 2.61 97 28
Geomdan 21014080 2.66 111 16
Geoncheon 20014040 2.07 97 35
Gibook 21014050 2.01 62 39
Gigel 21014010 2.02 80 55
Gige2 21014100 2.14 65 49
Gyeongjul 21014020 2.33 95 15
Gyeongju2 21014070 2.2 74 40
Oksan 21014060 221 64 55
Pohang 21014140 2.61 69 40

Hyeongsan
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Fig. 2. Location of Geomdan and 12 neighboring rain gages.

uly21

e
*

(a) GLM (b) OK
150 - 150 -

T R%g = 0.69 T R2o=0.79
£ £

c c

2 100 2 100

® S

5 July 7 5 )

S P S

g July21 g \/

3 e 3 Ve &
- ’ - .1,

£ 2* 3 £ Qoo ¢
= b 2 * o
o had , d o e

0 50 100 150 0 50

Measured precipitation (mm)

Measured precipitation (mm)

&

SHOK o] AREL ool BL B A5

t}. &4 GLM O] R AFIw(R2,,,)S BA7|7F AA|

o 3] nAAEE E&l AALksith nxpEZolgk
A A7 IRE 5 5t e 2] Atk 4ol
ASE| Aok 7P U] HEghe st f

¥ GLMEZES 0]%—6]-011 By o) o7 S M R
o] F7E AA BEH} v|wsh=s Y& oulgh

ok & Aetolrd= W] 36571 HEgkl| el wabds=
AAEte] GLMO] BRARE( R, VS ARSI o

S 717 U ZF2e] AJ-e] tisl OK 2] semivariogram
o] gz %LE(RéA )= AKFSIL o= R?;LMJJ' ] ws}of
ZGLqu— 201(5 7}3“%'&?‘5} X, Modified OK E' oég
IS clgstet A8 Bk YU LY 230
Sick Q1 127) A4 44 clelElZ} L 0oleh
] (5)¢] wtetulg gho] AAEA] ¢7] wizel, e
Aok BE40] P4t 002 FABT BE
5o 744 lolelo] 12 B3t 5 =orstkstel A
FCk $4O0K e A2 e 3 Al g 24
all, A Aol et RRARE Riiisicaon
AFBIAL O 5 T @t Dox @t BIASHIATE 2, o
R1o10] geoR T7]41& o] §3te] Smsloirh
(Ribeiro 2} Diggle, 2001).

[e)
=]

> 2
ol

ot HEE

ol
S

7]
A

rlo il

=1
=

2 2 oF

JOK+= GLMeo|ut OK Bt} AgtsA] Azt 7=

(c) Modified OK

150 4 )
R2\odified ok = 083

g July 15 100

*

Estimated precipiation (mm)

T d

100 150 100

Measured precipitation (mm)

Fig. 3. Estimated daily precipitation values by GLM, OK, and Modified OK.
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Fig. 4. Empirical semivariogram clouds with fitted semivariogram models.
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