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Abstract

Traditional statistical analysis method in Euclidean space is not suitable for compositional data,
due to its unit-sum constraint in Simplex space. A common solution is to firstly transform
compositional data in Simplex space into data in Euclidean space and then perform statistical
analysis on the transformed data. This paper proposes to compare three commonly used method,
i.e., additive logratiotransformation (alr), centered logratio transformation (clr), and isometric
logratio transformation (ilr). Based on Aitchison’s algebra, the comparison is carried out to
examine whether a transformation method satisfies the properties of linearity and orthogonality.
A real dataset, namely the rock data, is used to verify the comparison results. Three transformation
methods are used to relax the unit-sum constraint of the rock data, respectively, and a discriminant
model is then established on the transformed data. Comparison results from both theory and
real-data studies indicate that isometric logratio transformation is superior to the other two
transformation methods in two points. First, isometric logratio transformation does not change
the geometry concepts, i.e., inner product and distance, which is inevitably caused by additive
logratio transformation. Second, isometric logratio transformation successfully relaxes the
unit-sum constraint and avoids multicolinearity, which cannot be solved by centered logratio
transformation.
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Table 1. Results of discriminant analysis based on isometric logratio transformation
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Table 2. Results of discriminant analysis based on additive logratio transformation

= 2. BT eI HEL TR FI AR B AN F R R

fUSIIESE S

SERRZT a1t
AEH BAHA

AEH 6 4 10

BAA 3 7 10

DOI: 10.12677/5a.2018.72032 277 Giih 5 R


https://doi.org/10.12677/sa.2018.72032

FRENAE, KA

MR AR SRR, 2 T AR XA B 4 iR A AR AR R AR I B el e ey, LR RE T, F
RS B b AR B AN RIE AZ AR e, A ST VR B BEAT AR R 1 R A A R B ) A (AR AL, T
Fisher S| J AR & — ik T B REAT PR A SR AR 3 30592, DRI T A6 A 39t i PR 2 ) m 3 7 P T A RO i e
B IR FEAS s IS o 1T 6 S5 B B0 AR 0 AR R (RAIE T AR AT JE A A 25 TR A S0 1, AEAR R (1
A, R SR E R R AT AR, S ST A AR 7 R R R s (8] R B AR SR A Y, REAS U
HERG HIRE AR RN Gt AT 2K

4, 4Eip

ARSI = WL B R 73 B AR 0 0 EAT LU AT, BRI By IR R T = A AR 5 1 RE S S
PR 2 [A) B RS 23 (8] R S5 4 e, R HUE A P 0 R, LA T AN R AR MO IR B 45 R . S5ik
RY], 2T Aitchison AU R T H 1055 O B b AL — AN IE A e, AMUSEHL 1 M FLIE 22 [6] 2 i K
RARAHAL, R T REBOSH . AL B AR LTS AR AT T34 S5 EE 0 H b A e
B S A 17 A X A o 5 b A e AR A AR e B A T LT B PR, SCaBE B 1 o R B L AR B B 2
SN2 2 Tu 0 M 7 i R IR

PRI, P20 S5 o B LA R PR T h s v By il 15 B AR R A% ) h 2k T Alitchison AU £
(IR T 58 A A (1, 1AL HIVEAR I g ok 1 A St SE VS bl B g PR M, LA A B A AN B

E&WE

[ 5 HARBFAIE SR B H (71401192); 1 #RITE VAT 7t i H 28 B35 H (ID-YB-2018-017); Jbnirittokl
SEFL S FE TN H (15JDIGB076).

SE 3k
[1] Wb, BB, BRAR, 5. 2T R B o i i I B 24 5 o 5 M S AL T AT FE ). PR 254 &, 2015,
24(9): 965-971.

[2] Buccianti, A. and Pawlowsky-Glahn, V. (2005) New Perspectives on Water Chemistry and Compositional Data Anal-
ysis. Mathematical Geology, 37, 703-727. https://doi.org/10.1007/s11004-005-7376-6

[3] Jarautabragulat, E., Hervadasala, C., Egozcue, J.J., et al. (2015) Air Quality Index Revisited from a Compositional
Point of View. Mathematical Geosciences, 48, 581-593. https://doi.org/10.1007/s11004-015-9599-5

[4] Snyder, R.D., Ord, K., Koehler, A.B., et al. (2015) Forecasting Compositional Time Series: A State Space Approach.
Monash Econometrics and Business Statistics Working Papers, Monash University.

[5] Billheimer, D., Guttorp, P. and Fagan, W.F. (1998) Statistical Analysis and Interpretation of Discrete Compositional
Data. National Center for Statistics and the Environment (NRCSE) Technical Report NRCSE-TRS.

[6] Aitchison, J. (1983) Principal Component Analysis of Compositional Data. Biomertrika, 70, 57-65.
https://doi.org/10.1093/biomet/70.1.57

[71 ik38kE. W EdEg i se[M]. dbat: B2 H R, 2000.
[8] THEL, 5kEE, Tenenhaus, M. &5 FHE ) 2 o0 A EAR 7 VAR AU [I]. B HR %243, 2006, 9(4): 27-32.
[91 Z=HH, PR, GcW, & T EE 0 B B0 2 MR AT [I]. R E LR, 2012, 45(4): 648-655.

[10] Wang, H., Shangguan, L.Y., Guan, R., et al. (2015) Principal Component Analysis for Compositional Data Vectors.
Computational Statistics, 30, 1079-1096. https://doi.org/10.1007/s00180-015-0570-1

[11] Pawlowsky-Glahn, V., Egozcue, J.J. and Tolosana-Delgado, R. (2015) Modeling and Analysis of Compositional Data.
John Wiley & Sons, Ltd.

[12] Kynclova, P., Filzmoser, P. and Hron, K. (2015) Modeling Compositional Time Series with Vector Autoregressive
Models. Journal of Forecasting, 34, 303-314. https://doi.org/10.1002/for.2336

[13] FFIR4E, EEC, X%, FETZ5E logratio AB3 (1) e 4 HE KA 4 T 777k D). RSt 1%, 2016, 34(2): 153-158.

[14] Aitchison, J., Barcel6-Vidal, C., Egozcue, J.J., et al. (2002) A Concise Guide to the Algebraic-Geometric Structure of
the Simplex, the Sample Space for Compositional Data Analysis. Proceedings of IAMG, 2, 387-392.

DOI: 10.12677/5a.2018.72032 278 Gtz 55


https://doi.org/10.12677/sa.2018.72032
https://doi.org/10.1007/s11004-005-7376-6
https://doi.org/10.1007/s11004-015-9599-5
https://doi.org/10.1093/biomet/70.1.57
https://doi.org/10.1007/s00180-015-0570-1
https://doi.org/10.1002/for.2336

FRENAE, KA

[15] Egozcue, J.J., Pawlowsky-Glahn, V., Mateu-Figueras, G., et al. (2003) Isometric Logratio Transformations for Com-
positional Data Analysis. Mathematical Geology, 35, 279-300. https://doi.org/10.1023/A:1023818214614

[16] Aitchison, J. (1986) The Statistical Analysis of Compositional Data. Chapman and Hall, London.
https://doi.org/10.1007/978-94-009-4109-0

L
Hans iXith
SnPRL R BT 3
1. FTIFHIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

NRFIRAELSE: [ISSN], HAHAT] ISSN: 2325-2251, EPn] 2 if)
2. FTFFHNME T http://enki.net/
FEN I BROSCRREE” BEN, BN SCERRE, B

PeREiE S http://www.hanspub.org/Submission.aspx
WIFIHEAE: sa@hanspub.org

DOI: 10.12677/5a.2018.72032 279 Giih 5 R


https://doi.org/10.12677/sa.2018.72032
https://doi.org/10.1023/A:1023818214614
https://doi.org/10.1007/978-94-009-4109-0
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:sa@hanspub.org

	A Comparative Study of Compositional Data Transformation Methods Based on Spatial Equivalence
	Abstract
	Keywords
	基于空间等价性的成分数据变换方法比较研究
	摘  要
	关键词
	1. 引言
	2. 成分数据变换方法的理论比较
	2.1. 非对称对数比变换
	2.2. 中心化对数比变换
	2.3. 等距对数比变换
	2.4. 变换方法的比较

	3. 实证结果——基于Fisher判别模型的比较分析
	3.1. 数据
	3.2. 建模与比较

	4. 结论
	基金项目
	参考文献

