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Abatract

The academic contribution of Zhi-wei Yu mainly focus on two aspects which are complex geological surface
interpolation model and Quaternary stratigraphy time scale calibration theory. First of ali, Prof Yu
introduced the surface spline function in the field of Mathematical Geology and extended the original method
of 2D interpoiation to hypersurface spline method of 3D interpolation. Moreover, he developed a new
geological surface interpolation called regionalized interpolation. Now, these methods are used as powerful
geological surface interpolation tools. Besides, he proposed the automatic orbital tuning method for ihe
Quaternary stratigraphy time scale and jound the periodic characteristics of climatic evolution of the
Ouaternary period and major transformational events, these findings are of great significance to research in

Quaternary climate change.

1. Complex Geological Surface Interpolation
Model

1.1 Surface Spline Method to Interpolation

In coal exploration, one problem frequently
encountered is the inference of the distribution of
coal seams deeply buried as well as tectonic
conditions with berehole data in a large area, which
has been explored to a certain degree. The shape of
coal seams is determined by the shapes of head
plates and soleplates, so that the shapes of coal
seams, if the shapes of coal bedding planes are
known, can be obtained. From a mathematical
perspective, this is a surface function approximation
problem. The existing mathematical tools, such as a
spline function, can form a smooth surface by
interpolation with discrete data points; however,
spline interpolation is generally required to meet
strict conditions, difficult to meet in the actual
geological conditicns. To overcome thiz preblem,
Prof. Yu introduced for the first time the surface
spline function to calculate the geological surface.
This new interpolation method has a prominent
advantage in that the plane coordinates of known
points, whether regular or not, can obtain smooth
surfaces of arbitrary order that are differentiable
using natural boundary conditions(Yuw, 1987 and
2001 ). The principle and process of the surface
spline method iz thus explained: Surface spline can
be regarded as an infinite plane pure bending

deformation.
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According to the theory of elasticity, the differential
equation between the deformation W(x, ¥) and the

on-board load g(x, y) is expressed as:

4
DV W=gq

Equation 1

with D representing the flexural rigidity of the plate.
If the deformation of the plate is seen as a point load
caused by given independent points, then the polar
coordinates and the analytical expression for the
surface spline are introduced as:

Wiz, y)=ag+tax+ayy+ ;’Elﬂ-riz ln(r;z + £}

Equation 2
with x and y as coordinates,

w(x, y) as some quantity of research interest,*®’

a2 , B (F1,2,..n) as the undetermined
coefficients, ;-;2 =(x—:|:,-)2 +(y—y,-)2 and ¢ as the
empirical parameter to adjust surface curvature.
When the surface curvature largely changes, ¢
should be smaller than usual, and, on the contrary, £
should be larger. In general, € ranges from 102to 1

for flat surface and 10° to 10° for singularity
sutface. The N + 3 unknowns are determined from:
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[ " The coefficients Cj, which have units of length

W;=ag+axj+ayy;+ élFlrb l!1(r"--2 +&)+c;F; squared, are e.q'.uﬂ.l tolﬁTEDij, where D is. the plgte
5 s ) ng1q:hty and Kj is the spring constant associated w_lth
/=120 mpy =0 —x;)" + (5 -y)°1 the j point. From the Houscholder Tmsfomum
Algorithm, the column vector X, the soluticn of
<§:F‘=0 simultancous, and lincar equations, can be
i= determined with stability. When the interpolation
$ i = expression is obtained, the geolegical surface can be
=it calculated by placing the plane coordinates and
n heights of some contrel points into the expression.
I)zlly,-f",- =0 Given the data from the website!, the magnitude
- Biiationi 3 contours and surfaces drawn by the surfer software
with the calculating results of surface spline method
have been obtained, the illustrations of which are

shown as follows:
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Tllustration 1: shows the results generated by Surferl for Windows obtained by SSPL based on set of scattered
data points. (A) Contour map, (B) 3-D surface plots of 51x51 grid, (C) SLX, slopes in x direction, (D) SLY,
slopes in y direction, and input data values in file appendix-B.txt on JAMG server

Yhttp:/fwww.iamg.org/index.php/publisher/articleview/frmArticleID/104
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The surface spline fimction is a continuous function,
so it more realistically reflects a geological surface
and the information regarding geological occurrence
can be more easily obtained. The slopes of the
geological surface in the x and y directions at the
interpolated point are equal to the first partial
derivatives of Equation (2), the surface spline
function. Prof Yu introduced the surface spline
function to the field of Mathematical Geclogy and
improved upon it so that it now can be utilized as a
powerful geological surface interpolation tool. This
is an entirely new innovation for geological
automatic processing. With the help of software, a
geological surface can now be automatically
generated and drawn by a computer. Compared with
traditional hand-drawn contours, those generated by
the surface spline method are more objective,
proper, and accurate. In addition, these computer-
generated contours can also be conveniently
modified and new data easily appended. The surface
gpline method i 2 new method for the
approximation of geological surfaces, which
interpolates geological surfaces from scattered data,
and also provides a new tool for coal deposit
modeling and mineral resources prediction.

1.2Praf. Yu Extended the Original Surface Spline
Method of 2D Interpolation to Hypersurface

The spline method of 3D interpolation is used to
solve complex geological information retrieval
problems. GIS technology has achieved great
success in two-dimensional spatial information
management. However, 3D information is
generating more and more interest, in particular, the
distribution of an object in 3D space (Rui et al., and
Xu et al,, 2001). Raw data and needed information
of the three-dimensional space iz usually discrete
and difficult to obtain, thus requiring a special
method to process and extract this wuseful
information. Prof, Yu extended the original surface
spline method of 2D interpelation to 3D space and
presented the three-variable hypersurface splines
method. The analytical expression for the surface
spline is as follows:

W(x,y,2)=a,+ax+ay+az+) Frl () +e)
i=1

Equation 4
where W is the attribution of point in 3D space, x, v,
z are the coordinates, and
rgiz=(xi_xj)z+(yi_yj)z+(zi_zj)z The
hypersurface spline method of 3D interpolation is a
new method of 3D spatial interpolation, easy to

implement and to obtain the attribution of any point
in the space.

sample data

Illustration2: regular datasets processed by
sectioning

Rui and Yu used this method to interpolate 3D
temperature field data. Illustration 1 shows the
distribution of the original sample data; Illustration
2 shows the distribution of regular datasets in space.
They used this method for depth solution of
geological surfaces in a particular exploration field
based on the integration of elevation data cbtained
from drilling, and travel time data obtained from
high-resolution =~ seismic = exploration. = The
relationship between travel time data and depth
values are dependent on spatial coordinates x,y in
the inversion area, The change of the depths
{elevations) of geological surface is not a monotone
function of the travel time of reflex wave, so a
nonlinear mapping the measure data, D=D{x,y. #)into
the image, I=I(x,3.2) is needed in depth solving
based on travel time data and borehole data. The
three-variable hypersurface splines developed based
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on the two-variable surface splines is a suitable
mapping function for this purpose, Employing this
function, the travel time data can be globally
inverted to the elevations of geological surfaces for
a whole exploration field,

2.3 Regionalized Interpolation

While a geological surface is drawn, linear
information sources are frequently used and usually
dispersed into point-like information followed by
interpolation. However, this treatment loses much
information and distorts the shape of the 3D body.
To take full advantage of abundant geological data
accumulated in the coal production to draw a fine
and highly reliable geological surface, Prof. Yu
developed a new mathematical geology method
called regionalized interpolation (Yu and Tan,
2002). Linear information sources include contours,
fault lines, boundary lines, among other data, and
the entire graph can be divided into a number of
districts. The regionalized interpelation method
adopts respective interpolation methods for districts
surrounded by different lines. and, explained in
detail,

2.3.1 Interpolation of the polygon surrounded by
boundary lines having different elevations

In this case, the polygon is the arca between two
different eclevation contours. It is a typical
monoclinal stratum, so the eclevation of the
geological surface is found just between the twe
different elevation contours, thus making sense to
approximate by linear interpolation.

23.2 Interpolation of the polygon surrounded by
one boundary line

In this case, ﬂ:eelevationoftheboundarylineisthe
same. The polygon resembles a ring and it is a
syncline or anticline fold; therefore, linear
interpolation is obviously unsuitable. In order to
obtain accurate elevation of any point in the
polygon, to which type of polygon it belongs
(syncline or anticline) is first decided; a secondary
BEZIER curve is then used to approximate. A curve
with a maximum between the elevation of two
contours is determined, with 8 new curve and
contours composing a fold,

2.3.3 The Method to deal with fault lines or
subsided column

Handling fault lines has been a difficult problem in

3D simulation. Regionalized interpolation copes

with this problem by addmg fault lines into linear

information sources and gives these lines higher

weights than those of the contours.
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The polygon is then divided into a number of
districts by these lines. While interpolating, the
splitting role of fault lines takes priority over other
lines; thus, the geological surface on both sides of
the fault lings has a discontinuous jump and forms a
jump function. This method can also be applied
when dealing with a subsided column.

2.3.4 The Way to cope with boundary lines
Boundary lines control the scope of region to
interpolate and help to form a closed area. Applying
the method that deals with fault lines to process the
boundary lines, the elevation of points on boundary
lines can be calculated and this information taken
into interpolation. In this way, the entire region is
divided into a number of districts by these lings;
interpolation is then implemented in districts. In
comparison with the f{raditional procedure,
regionalized interpolation can not only effectively
eliminate the information loss, but also make the
surface map reconstruction more accurate. By
means of regionalized interpolation, much existing
geological information, including that regarding
strata contours, fault lines, and borderlines, can be
converted into digital information and then
incorporated into a GIS database. Reconstruction of
fanlt lines has always been a difficult task in 3D
simulation. Research results and case studies clearly
demonsirate that a new method has been found to
properly deal with this problem. The key of the
setlement of the fanlt problem lies in the
combination of the strata and the fault information.
Concrete steps include: finding the intersection of
strata contour with fault line; and then obtaining
strata elevation values of each such intersection
point. Like a strata contour line or a stratigraphic
borderline, fault lines act as a borderline
surrounding a sub-area. Geologically, however, the
adjacent sub-areas on both sides of this fault line are
not continual, so the details of the adjacent sub-
areas can be reflected on the reconstructed surface
map. Other borderlines can also be treated as a fault
line. Therefore, the entire study area can be divided
into sub-areas by these borderlines, fault lines, and
strata contours. Inside these sub-areas, a suitable
method can be applied to obtain proper interpolation
results. On the basis of interpolation in each and
every sub-area, a surface map can be reconstructed
for the entire study area. Increments in data input
resulting from data collection and preprocessing are
valuable in surface reconstruction with higher
accuracy.




3. Quaternary Stratigraphy Time Scale
Calibration Theory
3.1 Automatic Orbital Tuning Method for the
Quaternary Stratigraphy Time Scale

Paleoclimate records have four basic characteristics
which need to be determined: time scale;
periodicity; spectrum characteristics and the phase
relationship of the paleoclimate records and climate-
driven factors; as well as the phase relationship
between the climatic proxy indicators (Yu and Ding,
2001). Only by knowing these basic characteristics
can the evolution model of ancient climate change is
further developed. Among these characteristics, first
of all, an accurate time scale of proxies for
Quaternary climate change has to be created. Te
achieve this objective, the so-called orbital tuning
method has been developed, currently widely used
in establishing time scales for various climate
records. Several internationally well-known time
scales, such as the SPECMAP, among other scales,
are the results of the orbital tuning method.
Although the details of the procedure used by
different authors can differ, most of the orbital time
scales are essentially established in the following
three steps (Ding et al., 1994). First, the
theoretically-calculated changes in the FEarth's
orbital elements are applied as the tuning target. An
initial time scale is then constructed by interpolating
the paleoclimate data between the time control
points derived from independent geochronological
studies. Finally, digital filters are repeatedly applied
to extract the orbital frequency components from the
paleoclimate records plotted against the initial time
scale. The filtered curves are then aligned against
the corresponding phase-locked orbital signals by
adding new time control points, In so doing, a good
fit between climatic records and variations in the
Earth's orbits can be generally obtained both for
phasing and periodicity. Before the proposal of
automatic orbital tuning method, most of the tuning
methods established required visual judgments in
adding new time control points into the climate
records for which an orbital time scale was thus
developed. As a result, these methods had
shortcomings, such as: operability and objectivity
were poor; the work was also time-consuming in
obtaining the final version of the time scale due to
the fact that repeated changes of the time control
points had to be performed. The time scale is just a
space-time conversion, determined by obtaining the
time coordinates from the spatial coordinates of
sampling points; fortunately, this can be efficiently
and accurately be determined by ufilizing the
Dynamic Optimization Method, which lacks the
shortcomings of the previous methods cited (Yu et
al,, 1996). A primary paleoclimate record derived

from analysis of geological sediments consists of a
series of data points along a depth profile (Ding et
al, 1994 and Yu and Ding, 2003), and can be
defined as o(d()(=0,1.. ... N, N+1), where
d@)i=o,1.. ... N, N+1) is a depth series, and
c(d{0))represents the data point at the top of the
profile and c(d(N+ 1)) at the bottom. To establish a
time scale t(i)(i=0,1 ..... N, N+1) for this climate
record, an age mmst be assigned to d(i}(i=0,1.. ... N,
N+1) under the contral of independent
chronological data, achieved by tuning the climate
record c(d(i)) to selected target curves. The resultant
time series of the climate record can then be referred
to as c{t(i))(i=0,1. ... N, N+1). Among the three
otbital parameters, obliquity and precession are
generally used as the tuning target, and can be
respectively defined as O@GXi=1,2 ... M} and
P(G)(G=1.2 ..... M). In order to examine the fitness of
the tuned climate time series c(t{i)} with target
curves, a criterion must be developed. The filtered
0O() from the c(i(i)) is defined as X,(G)(G=L2 ..... M),
and the filtered P(j) as X;(j)(G=L2. ... M). The
respective correlation coefficients between the
filtered O(j) and the obliquity curve and between the
filtered P(j) and the precession curve are used as the
criterion. Two correlation coefficients can thus be
calculated as:

3 (X,()-X)OU) - D)
J=l

Ri = ] - ] —
\ m-1Y(X,()- XD (0()-0)
j=1 j=1
’ 3 (LU-T PG~ P)
R =

\](m—l)i(Xz(f)—Z)‘i(P(j)—?)‘
P

=
Equation 5

where X;, Xo, Oand P represent the average of
X()» Xo(3),0() and P(j), respectively. The best fit
between the tuned climate time series and the target
records should have the highest values of both R,
and R,. In the Dynamic Optimization Method, each
of the data points, except #{0)} and #N+1) in
1(iXi=0,1,2 ..... N, N+1), is regarded as a variable.
The best age assignment for each needs to be
calcnlated. The detailed procedure of the automatic
orbital tuning is described as follows:

(1) To select target curves O(j) and P(j)

(2) To establish an initial time scale for the
climate-proxy record. This is obtained by
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interpolating the data points in t(i) between
independent geochronological conirol points. In
general, additional time control points are
needed to result in a relatively good match
between initial X(j ) and Ofj) and between
initial X»(j) and P(j) and to save computing time.
The additional time control points can be read
from the visual correlation between climate
records and the target curves. In this way, an
initial t(i) is constructed.
(3) To calculate the initial values of Ry and R,

(4) To generate a new (i) using the Dynamic
Optimization Method. In the initial t(i)(i=0,1,2
..... N, N+1), the age for each of the climate-
proxy data, for example (1), needs to be
repeatedly altered to produce a best match
between c(t(i)) and with the O() an P(j). This is
accomplished in this method by fixing the age of
the data points t(2) to t(N) in the t(i), thus
allowing t(1} descend or ascend at a select
iterating step over the interval of #{0) and 1(2).
For each iterating step, R; and R; are calculated
so that a “best” age of (1)} is obtained and the
age of t(1) in #(i) can be contemporarily fixed. In
the same way, the “best” ages of t(2) to t{(N) are
calculated.

(5) To obtain the final version of t(i} by repeating
(4). When the highest R, and R; values are
obtained, the orbital time scale can be finally
established.

An accurate time scale is the pre-condition for
paleoclimate records that are used to study the time-
dependent changes in climate periodicity and to
determine the phasing relationship with other
records. In regional climate change studies, once a
time scale in a standard section is established, it can
be directly used to date climatic events identified in
other sections. This is particularly true in studies of
the loess deposits in China and deep-seas sediment
because of their completeness in recording the
climate history in the Quaternary. Therefore,
techniques that allow an objective, fast
establishment of time scales are widely needed. The
method proposed in this paper differs from the
classic orbital timing method. Compared to the
latter, this automatic funing method appears to better
satisfy this requirement. In addition, this new
method can result in a climate time series with
higher time resolution relative to the classic one. In
the classic tuning procedure, the climate-proxy data
between two time control points are linearly
interpolated, so each piece of data has the same time
interval between the two conirol points,
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In the AOTM-tuned time series, the age for each of
the climate data can be calculated, thus resulting in a.
higher resolution,

3.2 The Application of Automatic Orbital Tuning
Method in the Research of Paleoclimate Changes
during Quaternary Period

It is apparent that there are three periods in varicus
Quaternary paleoclimate records: the period of the
Earth’s orbital eccentricity cycles, ~100 ka; the
period of the Earth’s obliquity cycles, 41 ka; and the
periods of the precession cycles, 23 ka and 19 ka
(Yu et al,, 1996 and Yu, 1994). Existing studies
have shown that the obliquity and the precession
were major linear forces of paleoclimate changes
during Quaternary period (0.0-2.6 Ma). Both
theoretical calculations and paleoclimate records
show that a group of periods ranging from 75 ka to
126 ka constitute ~100 ka cyclicity, unstable during
Quaternary period. It is generally accepted that this
100 ka cycle represents a2 major component of the
record of changes in total Northern Hemisphere ice
volume. It is difficult to explain this predominant
cycle in terms of orbital eccentricity because the 100
ka radiation cycle (arising from eccentricity
variations) is far too low in amplitude to produce the
corresponding  climate cycle by direct forcing,
Therefore, the cause of 100 ka cyclicity presented in
late Quaternary poses one of the perplexing
preblems in  paleoclimatology. To solve this
preblem, Prof. Yu probed the nonlinear responsive
relationship between 100 ka cyclicity and other
cyclicities. Lingtai and Jinpchuan loess sections in
China in addition to the Chashmanigar sections in
Tadzhikistan were used as study objects and the
median grain size (MD) employed as the climate
proxy. In his study, Prof. Yu applied the automatic
orbital tuning method to establish timescales of the
three sections, whose analysis shows that the time
series of the three sections are coincident concurrent
in main depositional cycles, resulting in comparable
recorded climate change signals (Yu et al., 1993).
For further detection of palecclimate periodicity of
the three sections, power spectra were conducted.
The results show that the spectrum peak of 100 ka is
weak from 0.8 Ma to 1.2 Ma and sirong during the
other intervals (1.2 Ma to 2.6 Ma and 0.¢ Ma to 0.8
Ma (Yu et al, 1993). In the following, Prof. Yu
employed the bispectral analysis to detect phase
coupling between 100 ka and the other periodiciﬁes
related to obliquity, precession, and semiprecession.
A normalized form of the bispectrum, called the
bicoherence or auto-bicoherence, was then used as
an alternative indicative of quadratic phase
coupling, concluding that the origin of 100 ka
periodicities in variability of the climate may be




related to quadratic phase coupling between
precession and semiprecession (Yu et al, 1992,
Ding, 2001 and Ding and Yu, 1995). This work
provides a light in the resolution of the problem of
100ka cyclicity.

References

Ding, Z., Yu, Z., Rutter, N. W, and Liu, T., 1994,
Towards an Orbital Time Scale for Chinese
Loess Deposits. Quaternary Science Reviews[J],
13,39-70.

Ding, Z, L. and Yu, Z. W, 1995, Forcing
Mechanisms of Paleomonscons over East Asia,
Quaternary  Science  Reviews{J],63-74(in
Chinese with English abstract).

Ding, Z. L., Yu, Z. W,, Yang, S. L., Sun, J. M.
Xiong, 5. F. and Liu, T. S, 2001, Coeval
Changes in Grain Size and Sedimentation Rate
of Folian Loess, the China Loess Plateau.
Geophysical Research Letters{J], 28(10}, 2097-
2100.

Rui, X. P, Yu, Z W, and Yu, FM, A 3D
Interpolation Method Based on Hypersurface
Spline. Geography and Geo-Information
SciencefJ]. Vol. 22(6).21-28(in Chinese with
English abstract).

Xu,P.F,Yu,Z. W, Tan, H. Q. and Ji, J. X, 2001,
Depth Solution from Borehole and Travel Time
Data using Three-Variable Hypersurface Splines.
Journal of Applied Geophysics{J],46(3), 201-
211,

Yu, Z. W, 1987, A New Method for Interpolating
Geological Surface: Surface Splines. Journal of
China University of Mining & Technology.Vol,
4, 69-76, (in Chinese with English abstract).

Yu, Z. W, Ding, Z. L, and Liy, T. 8, 1992,
Astronomical Forcing of Loess Grain-size
Record over The Past 2.5 Ma. Quaternary
Sciences{J].Vol. 2,118-127(in Chinese with
English abstract).

Yu, Z. W, Ding, Z. L., and Liu, T. 8., 1993, A
Study on Nonlinear Dynamics of Paleoclimate
Variations During Quaternary:  Singular
Spectrum Analysis of Loess Grain-Size Record.
Quaternary  Sciences{J].Vol.  3.214-23((in
Chinese with English abstract).

Yu, Z. W,, Ding, Z. L. and Lin, Z, L., 1993,
Preliminary Study on Climatic Periodities
Recorded in Bae Ji Loess Section, Chinese Loess
Plateau. Chinese Journal of Geology{J].81.270-
278(in Chinese with English abstract),

Yu, Z. W., 1994, Comparison of Paleoclimate
Variations Periodicity between Loess and Ocean
over the Past 2.5 Ma. Chinese Jowrnal of
Geophysics{.J].Vol. 37.128-131. (in Chinese with
English abstract).

Yu, Z. W., Yang, Y. G, Tan, H. Q., Guo, Z. T. and
Liu, T. 8., 1996, A Study on Application of Time
Domain Combined Model to the Prediction of
Climatic Trend Based on Geological Records.
Chinese Journal of Geophysics{J], 39(1),41-50.

Yu, Z. W. and Ding, Z. L., 2001, Calculations of
Time Scale for Paleoclimate Records and
Phasing Relationship between Different Climate-
Proxy Time Series: A Case Study of
Chashmanigar Loess-soil Section, Tadzhikistan.
Quaternary Science Reviews[J], 21(2).123-

133(in Chinese with English abstract).
Yu, Z W, 2001, Surface Interpolation from
Irregularly Distributed Points using

Surface Splines,with Fortran rogram. Computers
& Geosciences{J], Vol. 27(3),877-882.

Yu, Z. W, and Tan, H.Q,, 2002, Regionalized
Interpolation-A New Approach to Surface Map
Reconstruction, Terra Nostra, 03/2002, 513-517.

Yu, Z. W. and Ding, Z. L, 2003, Nonlincar
Coupling between 100 ka Periodicity of the
Paleoclimate Records in Loess and Periodicities
of Precession and Semiprecession. Science in
China[J].Vol. 33(6).520-528(in Chinese).

International Journal af Geainformatics, Vol. 8, No.1, March, 2012

23

17-24

An Introduction to the Academic Contribution of Zhi-Wei T




Short Biography Zhi-wei Yu
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Zhi-wei Yu was born in Wuxi, Jiangsu Province, in September, 1956, At a very young age, he
became a Professor in the College of Geoscience and Surveying Engineering at China
University of Mining and Technology (Beijing). Prof. Yu has been engaged in research fields,
such as Cartography and Geographic Information Systems, Earth Exploration, Information
Technology, and Quaternary Geology and Paleoclimate. In addition, Prof. Yu’s findings won
3™ prize in the Ministry of Coal Science and Technology Progress and 3™ prize in the State
Education Commission of Science and Technology Progress. Moreover, in 1994 one of his
findings was listed as one of the 16 major achievements in Barth Sciences by the Naticnal
Natural Science Foundation Committee. Prof. Yu has the indubitable distinction to have
introduced the surface spline function in the field of Mathematical Geology and improved it to
expand the scope of its use. As a result, the surface spline function can now be used as a
powerful geological surface interpolation tool. In recent years, he has extended the original
surface spline method of 2D interpolation to hypersurface spline method of 3D interpolation to
solve complex geological information retrieval problems (e.g.. coal geology concealed
structure). As per the requirements of mine geological information technmology, Prof. Yu
developed a new method in Mathematical Geology called regionalized interpolation, another
new geological surface interpolation, which followed the surface spline fimction, In the late
1990s, this distinguished Professor proposed the automatic orbital tuning method for the
Quaternary stratigraphy time scale, a great innovation in the methodology in Quatemary
Geology and Paleoclimatology. By analyzing the paleoclimate time series recorded by loess,
Prof. Yu exposed the periodic characteristics of climatic evolution of the Quatemary period and
major transformational events, findings that are of great significance to research in Quaternary
climate change.
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