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Tab.2 Distribution of constant element in the Zaoshugou

Holocene loess — soil profile of Zhengzhou
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Fig.2 Constant element variation curve of the Zaoshugou loess — soil profile in Zhengzhou in Holocene
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Fig.3 Original spectral reflectance curve after
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correlation coefficients between macro elements of

profile and different transform spectral reflectances

Jeib A REREE —Brior By ERSE BB

Fe,0, 82 296 219 639 57
BB Ca0 1188 540 172 432 1574
B
s MgO — 349 182 288 310
Ca0/
5 1187 535 179 417 1 440
MgO
Fe,0, -0.47  0.67 -0.54  0.57 0.47
e Ca0 -0.44 -0.75 -0.57 -0.53  0.45
H13E MgO — -0.52  0.55 -0.45  0.29
A ca0/
& -0.43  -0.74  0.51 —0.54  0.44
MgO
Fe,0, 400 766 766 879 400
fg an Ca0 883 661 875 894 907
P
Ca0/
/nm 1 17 4 1
MO 883 66 59 89 916




%3 19 UL, A KBNS L 2O ) B 0 T e 0 28 35 A DG G S - 125 -

H95% By P =0.05 K-V TERR S, BEHCEIE HORE 5T die /D 3R ¥4 1 28 L F AT Fe, 05 1 £
I ARSI B A A TR S AR BRI , 26 AL 5 FD AT B A B Ur 1

3.3 EERENRERNMN_"REEERE e ST, HA AR AN RE RS 3K B 00 () 2R, R 2%
TEARIE B T R OCR (B A P . B I Fe, O, 1Y S TEBE
225 FIOLHAEHHY Fe, 05, Ca0, MgO J CaO/Mg0 55 £4 Fe,0,0RS N RSRANRE SR
WS ERCIE R AR B B AE N o B8 5, 5L T Tab.4  Calibration and validation of Fe,O, by PLSR model
i re /N ek (14 B - B TR A B TR W S AR A . H RO B RS .
b4 FHERIE 2 50 HEBTRE AR 3 32 A, B HiE RE A e A A o
15 /\O JRAE GRS 0.47 gO.iO 0.46 g0.§4 1.25 D
3.3.1 Fe, 0, a9 A R IR FD 0.79 0.19 0.68 0.27 1.62 B
¥ R* ,RMSE J% RPD 3% 3 MEEIPEM$8F7 8k SD 0.40 0.28 0.47 0.41 0.90 D
THE Fe, O, (1) BT G AU BKG B2 S B 7 (R 4) . CR .51 0.3 035 042 L.03 D
BT /N3 ik 1) B LT Fe, O4 1 B R ASCR L Loc/R) 0% 0% 0% 0% ¥ D
B, B T 2 FD AR (1) G B RORS B 4T, B 1 Fe, O SN F0F U S A 400 & i 4k 5 B2

BBV TN R ASh, oAy 4 FAs iy = AR L, W RTLUE ), RZBOEAER SR oy
TEBRRE E SN D RN RERS IR BTN B 300 ATEEZR y = BT, JF B IEAREAS i 5200 1 5 75
Fe,0,AE ST, 15 Fe,0, 5 + A ETEZ I AT  MIMEZ A RYAHC R AL R Y@t 7 P =0.05 /KF |
Kelhdr . Hip, % FD AR py e s 2245 R2 (0. 79) () S PR 3, 38 3 % Ll A A T, S A AR 4 28
HIE R2(0.68) #4205 R As iy s Foq, gk FD AR i S (e RN N A A S0 i R S B A
RMSE(0.19) 5563F RMSE (0.27) ¥k 5 fitay v =x ShdE, Hay 4 Fil SR80 K 2% WA B4
Pl A, FEX A0 TR 22 PRD O 1. 62, i e IEAEST, Bt FD SGiSA8 4 B 248 5 /) PLSR #5574
SE Sy B, BAT R B LT Fe, O, TINAE 7. ¢ D REEE I Fe, Oy e (R

S

y=0.474x+2.1512 y=03993x+2.433 6 y=0.430 4x+2.304 1

S 2 ., S 2 e S R=04304 e
g 45 R =0.474 ‘.E:f:"'"" _:::—1 45 R —0‘_3993 . ‘:’}:‘,’.";‘_‘ _:3 45 ) .’ s
= 4 Sl i X 4 e = 4 o BT
c LR e e c s . c el
SIS T s s - mame @3S0 T mang
- - -——- =X ',/" ————y=X /,—" ————y=X
) 35 4 45 5 3 35 4 45 5 3 35 4 45
Fe, 0,5 WlI{E/% Fe,0,5: J{H/% Fe, 0,5 {E/%
(a) JERJEE (b) SD L% (¢) LOG(1/R) i
5 5
© y= 0.290 6x+0.854 1 e y=0 §13 4x+1.9799 » »
& 45 R=07906 4T g s R=0.5073 i
= N ‘:— . = . . ’:_.* e
¢35 ‘,/::::5’ === A R o' 35 - _/’/ ---- A
= L = P —
===y o o= y=x
3.2 3k : : . ,
3 35 4 45 5 3 35 4 45 5
Fe,0,3:1{E/% Fe, 0,3 W{E/%
(d) FD Jaif (e) CRJGI%
E4 Fe,O,XMESTHNEMEHAE
Fig.4 Scatter diagram of Fe,O,measured and prediction values by PLSR model
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Tab.5 Calibration and validation of CaO,MgO
and CaO/MgO by PLSR model
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Fig.5 Scatter diagram of CaO,MgO and CaO/MgO measured and prediction values
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4 Zik5itik
1)Ca,Fe, Mg JG K #£ KRN T 1 244 74 5 + -
g w35 271 FEAI T RV AR A 7 =R N N [ 3 e L 3
BIHEE,2 800 ~4 600 a. BP #{ Ui BT B3 E
o, DU A L BGRB8t rh ke
5 400 a. BP i f5 FI I 30 2 800 a L 3k #% + 1T FH R
FeAE RS, DU 3 T8 o AN VG 38 480
HHHAZ) 5 400 a. BP 25WFR X 40 T T—HR
B—% TR e R

2) H T2 AR 5 ] [F]— ) TR AN [ b 2
HOTH HMITR & A T2, AR 2 BT
T RIS W RIS B R IE S5 22 5. 54>
HiuJZ B TC R S T i 2 AR AR AL, 2230 R 76 W] L

T A DG 5 B TS BRI BEROR , Z J5
TEHZCFAR BT, AR IR BB /e XFEEIX S R
A RO 2R, B R Ly, > iR )R Ly, >
AP Le> b 2R S, > KRR T 5RO
TR L, B DG RO R A 2 e A s 5
WARIUR A S BN AR SRR A A [ 7 B2 1 1
i, Herp Z B i ot 5 Fe, 05, MgO A fe i
— B g5 Ca0, CaO/MgO AHIA:fr i o

3) AELR L AR 4 3 ) 8 0 AR A S R A
T B 00 dre /> 3k Fe, O5 Y HEARROCR H 22,
Ca0 5 MgO HYEBEHURELAF, CaO/MgO Y KLY
RILATKFNESK , Fe,0,,Ca0 LL J CaO/MgO 1 I
AT g L FD SEi A2 0 H A2 (19 PLSR
T3 MgO e Sy L CR OGR4 o [ 78
(1) PLSR #HRY



- 128 - [ERE

& 2021 4

4) BEFEE PR FRBEHE 7R JUR Fe, 05, CaO il
CaO/MgO 1) fi - S Je A58 750 RE 6 45 47 IX 70 A [R] 1
AU DRI A DXy A e [l A8 Al . KT, A
MgO A5 X o ANTR) R A6 X, {H H: i i 4l o 52 B
(AL A B BB BTy 46 7% T A DX ) oy A s A AL
A —ERE RS E M E.

ASBIEFERORSHH TS L2 7 8 - i b o )22 -
WAEZE - R - w LRSI T
WIILR Ca,Fe, Mg MBS BN FOE BB F 3,
B IR T R AR A TR B S B A AR
I ) FRUBE A PRI A% T, S35 B NS Ao J 39 1 7
A B TR 7R o AEL B 0 T 1 53 22 A U
e, i/ 2 A A -l BRI, BRI EEA
Al S A m RS AR 5 USSR DX A o
TR E AR 2250, I B 2 (7] — X Al A i 1]
FPBRIZA I B RS FEBFSE o B BRI AR A iF
T HR BT RIAR bR 24 R AL Si, K, Na 553
JLR R ICR M LU ER A, AL RS R, DU
YIRLRE , AL R SF Z B 18 b7, 75 )5 I BF5E
FRATHE IS 6] b A1) b X S 2 ) 8+ RS
S At — 2 0% B A, 3 AT 2 R A AR
AN FH X 38K

ABITE 4 BT T BOA 2 OGS S5 73 At
3 AN [ B e e T R 5 B b R S A
FASRAE I AT, (HR A5 45 e D61 2 18 S i 21 IX Ik k.
A Je i) AR H s 245 5 R eI AR T3 B i AL
BT 95 N 2 8 - IR 2 RO, 38 5t S
PR FAE

52 3Lk ( References) :

(1] FrEte WRrie, 1 B PR OB ]. 255
$1],2010,76(2) :248 - 250.
Yin A H,Chen C F,Shi G. New progress in loess studies in China
[J]. Economic Research Guide,2010,76(2) ;248 —250.

(2] XARA:. b SEREE[ M]. bt Blaf h it , 1985,
Liu D S. Loess and environment [ M ]. Beijing: Science Press,
1985.

[3] Lillesand T M, Kiefer R W. Remote sensing and image interpreta-
tion (3rd Edition) [ M]. NewYork : John Wiley&Sons,1994,75.

(4] TUL, BRAUR. iR () [ PR 53 50 g vt I AF 52
[ M. JE5t: s ikt 2007.
Ding S J,Chen Y M. Remote sensing application of land, environ-
ment and resources in Hainan Province[ M ]. Beijing: Geological
Publishing House ,2007.

[5] 2 A58k, 8 i, % 98 LR 228 A0 b R 6T
AR AR ] 3R ,2006,37 (2) 236 -240.
Peng J,Zhang Y Z,Zhou Q, et al. Reflecting spectral changes in
the depth profile of Major in Hunan Provience[ J]. Chinese Journal
of Soil Science,2006,37(2) :236 -240.

(6]

(8]

[10]

[11]

[13]

[14]

BN, X [ . AR T LR A RO AR S R
[J]. 132448 ,1995,32(1) .58 - 68.

Huang Y F,Liu T H. Spectral characteristics of main types of soils
in southern China and soil classification[ J]. Acta Pedologica Sini-
ca,1995,32(1) .58 - 68.

XA, Phak B, 2 OCHE. Hh [ B R F ST A9 B3 s BOIR R
Re——— R LG BAARL G e[ T]. 55 M4 pF5, 2001,
21(3):185 -207.

Liu D S,Sun J M, Wu W X. Past, present and future of the Chinese
Loess Research: A discussion on the reality of facts and myth[ J].

Quaternary Sciences,2001,21(3) ;185 —207.

Yang S L, Ding F, Ding Z L. Pleistocene chemical weathering histo-
ry of Asian arid and semi — arid regions recorded inloess deposits of
China and Tajikistan [ J ]. Geochimica et Cosmochimica Acta,
2006,70(7) :1695 —1709.

MR B ER, B 3ROT. SR B A [ ML R
Hi A, 1990.

Ye Q C,Lu Z C,Yang Y F. Fluvial landscape of the lower Yellow
River[ M]. Beijing; Science Press,1990.

EFEW,E 8, EEIM, . Sl B A — R AR R IX
[J]. WARaE,2012,24(2) :320 - 326.

Wang D F, Wang C, Wang C D, et al. Lake Yuxingze, a natural
flood detention area of the Yellow River in ancient time[ J]. Jour-
nal of Lake Sciences,2012,24(2) :320 —326.

T AN DA K R DU S SRS AL DT [ M. JEaT: B
S AL, 2016.

Yu G. Sedimentology of lake — river systems and environmental e-
volutions in Zhengzhou Regions[ M ]. Beijing: Science Press,2016.

i A IGNILAEEE Y B o R RS ROPRID]. &
HE A HE Tl R, 2012,

Zhang H. Study on Paleoenvironment Information of Luoshan Loess
in the North of Dabie Mountain[ D]. Hefei; Hefei University of
Technology ,2012.

Bl e, AR A 58 VLR I T & Ak 2 KL R b
BRALEDTFEL ] HuBkAk#,30(4) :402 - 406.

Yang S Y,Li C X,Li X S, et al. Geochimical records of chemical
weathering of the Xiashu Loess in the lower reaches of the
Changjiang River[ J |. Geochimica,30(4) :402 —406.

K . 3T Hyperion =GSRR8 30 353 A 2t S 3 ¥
WHSE[D]. B at: AR K%, 2010.

Zhang L. Research on quantitative inversion method of soil saliniza-
tion based on Hyperspectral data of Hyperion[ D ]. Nanjing ; South-
east University,2010.

SRR T BRI AR Ml 0 G SR 5 U 1 T SRRt IR Ak A T il
WEFE[D]. F AL F 5K, 2005.

Wu J Z. Heavy metal pollution in suburban soils of the Nanjing are-
a of Archaeology[ D ]. Nanjing; Nanjing University,2005.

MRZE . BT Al WL — S LM G T i - 0 53 2 4 R 8 i HR I
[D]. B BBURAE, 2011

Chen Y Y. Estimation of heavy metal content in soil using VNIR
spectra[ D |. Wuhan ; Wuhan University,2011.

Fr Bk KT BB A MODIS $A2 1) 1 ks vk i R fh
[ D]. B3R ARALARl R 27,2013,

Qiao L. Quantitive estimation of soil characteristics based on hyper

spectral data and modis images[ D ]. Harbin: Northesast Forestry



%3 19

WL, B KRN LA 3 - i

TR ICR SR OGRS S

- 129 -

University ,2013.

[20]

Pirie A, Singh B, Islam K. Ultra — Violet, visible, near — infrared

[18] ¥i/Nr. A2t E s F kS0 Fobig o AR [M]. bRt ik and mid — infrared diffuse reflectance spectroscopis techniques to
2= Tolk it ,2011. predict several soil properties[ J]. Australian Journal of soil Re-
Chu X L. Molecular spectroscopy analytical technology combined search,2005,6(43) :713 - 721.
with chemometrics and its applications[ M ]. Beijing; Chemical In- [21] Razakamanarivo R H,Grinand C, Razafindrakoto M A. Mapping or-
dustry Press,2011. ganic carbon stocks in eucalyptus plantations of the central high-
[19] Chang C,David Laird A. Near — infrared reflectance spectroscopic lands of Madagascar: A multiple regression approach[ J]. Geoder-

analysis of soil C and N[ J]. Soil Science,2002(167) ;110 —116.

ma. 2011,3/4(162) :335 —346.

Hyperspectral inversion of macro element content in loess based on the profile
of Zaoshugou Village, Mangshan Mountain, Zhengzhou City

LI Shuangquan' , MA Yufeng', LIU Xun®, LI Changchun®, DU Jun'
(1. Institute of geography, Henan Academy of Sciences, Zhengzhou 450052,
China; 2. Henan Polytechnic University, Jiaozuo 454000, China)

Abstract; The occurrence and development themselves of loess have recorded abundant historical information, and
the macro element content of loess can accurately reflect the environmental evolution. Hyperspectral remote sensing
technology enjoys the advantages of being multi — band, continuous, and high — resolution. Therefore, it can be
used to detect subtle differences in soil attributes and thus provide technical support for the fast and effective
acquisition of basic loess information. In this paper, the loess profile of Zaoshugou Village, Zhengzhou City is
studied. Combining the hyperspeciral technology, the correlation between the spectral data and the macro elements
of the loess was analyzed according to smoothed original spectra, first — order differential ( FD), second — order
differential (SD), de —envelope (CR), and reciprocal logarithm (Log(1/R). A partial least square regression
(PLSR) model was established using the wave band with a larger correlation coefficient R as the characteristic
band. The main conclusions are as follows. The variations in Ga, Fe, and Mg elements in the loess profile indicate
that the study area has experienced a cold dry — warm wet — cold dry climate cycle since the Middle Holocene
about 5400 aBP. The reflectance spectra of the loess in different stratigraphic units show the characteristics with
similar trends. However, their spectral reflectance is in the order of L,_, >L,_, >L >S;_; >Ty. According to the
method of partial least squares, the optimal inversion models of Fe,0,, CaO, and CaO/MgO are the PLSR model
with FD spectral transformation as the independent variable, while the best inversion model of MgO is the PLSR
model with CR spectral transformation as the independent variable. The optimal inversion model of Fe,0,, CaO,
and Ca0/MgO can effectively distinguish different climate zones and indicate palaeoclimate cycle changes in the
region where the study area falls. The optimal inversion model of MgO can better indicate the palaeoclimate
evolution law of the region where the study area falls and thus has a certain reference value.

Keywords: loess; hyper — spectral ; macro element; partial least squares method
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