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Gravity changes derived from regional gravity monitoring data in China from 1998 to 2005 exhibited noticeable variations
before the occurrence of two large earthquakes in 2008 in China—the 2008 Yutian (Xinjiang) Ms = 7.3 earthquake and the
2008 Wenchuan (Sichuan) Ms = 8.0 earthquake. Based on these gravity variations, a group of researchers at the Second Crust
Monitoring and Application Center of China Earthquake Administration made a suggestion in December of 2006 that the
possibility for the Yutian (Xinjiang) and Wenchuan (Sichuan) areas to experience a large earthquake in either 2007 or 2008 was
high. We review the gravity monitoring data and methods upon which the researchers reached these medium-term earthquake
forecasts. Experience related to the medium-term forecasts of the Yutian and Wenchuan earthquakes suggests that gravity changes
derived from regional gravity monitoring data could potentially be a useful medium-term precursor of large earthquakes, but
significant additional research is needed to validate and evaluate this hypothesis.

1. Introduction
In December 2006, a group of researchers at the Second Crust
Monitoring and Application Center of China Earthquake
Administration suggested that the possibility for the areas
surrounding Yutian (Xinjiang) and Wenchuan (Sichian) to
experience a large earthquake in either 2007 or 2008 was
high [1]. The forecasted location, magnitude, and timeframe
of the two earthquakes are summarized in Table 1. These researchers used gravity changes derived from regional gravity
monitoring data in China from 1998 to 2005 as the primary
precursory information to make these suggestions. In this
paper, we first review ground gravity surveys conducted in
China in 1998, 2000, 2002, and 2005 and then report how
the researchers used gravity monitoring data to make medium-term (less than three years) forecasts of the Yutian
and Wenchuan earthquakes. In addition, we make a few observations about possible connections between gravity

changes and the occurrence of a large earthquake and provide some discussions about future research directions in
earthquake research using gravity monitoring data.

2. Nationwide Gravity Survey Campaigns
in China
China began establishing an ambitious countrywide
crustal movement observation network in 1998—Crustal
Movement Observation Network of China (CMONOC)
(Figure 1). Among other types of observation stations, the
network consisted of 25 absolute gravity observation stations
and 360 relative gravity observation stations at the end of
2005. The absolute gravity observation stations serve as a
control network through which a stable and uniform gravity
field throughout the country can be computed. Gravity field
dynamics throughout the country then can be determined
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Figure 1: Crustal Movement Observation Network of China (CMONOC).
Table 1: Summary of the three elements of the two forecasted and
actual earthquakes.
Earthquake parameters
Forecasted
Actual
The Yutian earthquake [1, 4]
Epicenter
36.0◦ N, 80.0◦ E
35.6◦ N, 81.6◦ E
Magnitude
Ms6.0-Ms7.0
Ms7.3
Timeframe
2007-2008
March 21, 2008
The Wenchuan earthquake [1, 5]
Epicenter
31.6◦ N, 103.7◦ E
31.0◦ N, 103.4◦ E
Magnitude
Ms6.0–Ms7.0
Ms8.0
Timeframe
2007–2008
May 12, 2008

through repeated mobile gravity surveys at the 360 relative
gravity stations. China Earthquake Administration, the
Chinese Academy of Sciences, and China State Bureau
of Surveying and Mapping coordinated four rounds of
nationwide ground gravity surveys in 1998, 2000, 2002, and
2005. Because details of the gravity surveys and data processing are provided in two recent papers [2, 3], we only briefly
describe the surveys as well as procedures for data processing
in the rest of this section and in the next section.
Surveyors with significant field observation experience
from three diﬀerent organizations—the Institute of Geodesy
and Geophysics of the Chinese Academy of Sciences, the
Institute of Seismology of China Earthquake Administration,

and the State Bureau of Surveying and Mapping in China—
conducted the absolute gravity surveys using FG-5 gravimeters. The accuracy of the observed absolute gravity survey at
each station was higher than 5 × 10−8 m/s2 [2, 6, 7].
After field survey, absolute gravity data at the absolute
gravity observation stations were adjusted for earth-tide,
speed of light, local air pressure, polar motion, and vertical
gradient. The adjusted data then were used for subsequent
analysis and integration with the relative gravity survey data.
Both the absolute and relative gravity surveys were all conducted during the months from July through November in
1998, 2000, 2002, and 2005. This arrangement of conducting
the gravity surveys in the same months of diﬀerent years was
designed to reduce possible seasonal hydrological eﬀects on
gravity observed at the same location in diﬀerent years.
The mobile relative gravity surveys were completed
through joint eﬀorts by two organizations of China Earthquake Administration—the Institute of Seismology and the
Second Crust Monitoring and Application Center. Surveyors
used the LaCoste and Romberg gravimeters (model G (LCRG)) in the relative gravity surveys. The accuracy of LCR-G
gravimeters was higher than 10 × 10−8 m/s2 , and the drifts
of null reading values of the LCR-G gravimeters were
within ±5 × 10−8 ms−2 /hour. Field surveyors followed the
Chinese national field work procedures and guidelines when
conducting the mobile relative gravity surveys to ensure that
the relative gravity survey data were in the best possible
quality [2, 6, 7].
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Figure 2: A contour map showing gravity changes (in 10−8 m/s2 ) from 1998 to 2005 before the Yutian Earthquake. The contours on the map
were produced using a resolution of 0.25 geographic degrees.

3. Processing of Field Gravity Survey Data
The key in processing the field gravity data described previously is to integrate the high precision absolute gravity survey
data with the mobile relative gravity survey data and then
compute the absolute gravity at each of the relative gravity
observation stations. A 3-step procedure was used to determine the final gravity data at each relative gravity observation
station. First, relative gravity survey data were adjusted for
solid earth-tide, air pressure, first-order item, and height of
gravimeters. Second, a preliminary analysis of the gravity
survey data across all four rounds of surveys was conducted
to eliminate data with possible gross errors. Third, the
Adjustment Program for Mobile Gravimetric Data Measured
by LaCoste and Romberg Gravimeters (LGADJ) software
package recommended by China Earthquake Administration
was used to obtain the (absolute) gravity data at the location
of each observation station for each of the four time periods.
The LGADJ software package is a standard computational
tool that can be used to integrate absolute and relative gravity
survey data to obtain the final absolute gravity data at each of
the relative gravity observation stations [8, 9]. The average
accuracy of the final adjusted gravity data at each relative
observation station was better than 15 × 10−8 m/s2 across all
four years.
Least-squares collocation was used to calculate gravity
data at the intersections of a grid with a resolution of 0.25
geographic degrees in the region in question based on the

computed gravity data at the observation stations mentioned
above. The least-squares collocation method treats observed
gravity data at the observation stations and gravity data to be
estimated at other locations on the grid as random variables.
The method provides the best possible estimation of ground
gravity data at locations where observation data did not exist.
After obtaining the gravity data on the grid, the MapGIS
software was used to produce the contour maps of gravity
changes between diﬀerent time periods.

4. Gravity Changes before the
Yutian Earthquake
As can be seen from Figure 2, there were significant gravity
changes in the region shown in Figure 2 from 1998 to 2005.
Based on empirical experience, when the diﬀerence between
the largest positive gravity change and the highest negative
gravity change in the region in question exceeds 80 ×
10−8 m/s2 , the gravity changes in the region are considered
significant. The gravity change gradient extended from the
southwest part of the region shown in Figure 2 to the northeast part of the region. Positive gravity changes occurred in
the southwest part of the region, and negative gravity changes
took place in the northeast part of the region. The diﬀerence
between the positive and negative gravity changes was as
great as 80 × 10−8 m/s2 . Based on the contour map shown
in Figure 2, a belt with a steep gravity change gradient can be
identified. This belt extended from Yutian to Hetian.
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Figure 3: A contour map illustrating gravity changes from 1998 to 2005 before the Wenchuan earthquake. The contours on the map were
produced using a resolution of 0.25 geographic degrees.

5. Gravity Changes before the
Wenchuan Earthquake
Characteristics of gravity changes from 1998 to 2005 before
the Wenchuan earthquake are shown in Figure 3. Within the
region, the rhombus-shaped Chuan-Dian (Sichuan-Yunnan)
Plate showed positive gravity changes from 1998 to 2005
as great as 60 × 10−8 m/s2 , whereas areas surrounding the
Chuan-Dian Plate exhibited negative gravity changes during
the same period with a negative peak gravity change value as
large as 60 × 10−8 m/s2 . These positive and negative gravity
changes and their diﬀerences were particularly evident in
northern Sichuan where the diﬀerence of gravity changes was
as great as 60 × 10−8 m/s2 . This diﬀerence was particularly
evident in a belt with a steep gravity change gradient. This
belt extended from Luzhou, through Wenchuan, to Maerkang (Figure 3).

6. Medium-Term Forecasts of the Yutian and
Wenchuan Earthquakes
As stated at the beginning of this paper, the forecast location, magnitude, and timeframe of the Yutian and Wenchuan

earthquakes are summarized in Table 1. For the Yutian earthquake [1], the location of the earthquake was determined
based on analysis results of past earthquakes and an observation that an earthquake typically occurs at the intersection
of the zero gravity change contour line in the area with high
gravity change gradients and the fault that is mostly likely
to accumulate suﬃcient energy for a major earthquake, the
Kangxiwar-Altyn Tagh Fault in this case. The magnitude of
the Yutian earthquake was estimated to be between Ms = 6.0
and Ms = 7.0 based on the highest value (60 × 10−8 m/s2 )
of the diﬀerences of gravity changes in the region from
1998 to 2005 (Figure 2). Again, this estimation was based on
empirical data about the relationships between the magnitudes of earthquakes occurred before the Yutian earthquake
and values of the diﬀerences of gravity changes before these
past earthquakes. The determination of the timeframe of
the forecasted Yutian earthquake was also based on past
experience and empirical data. Earthquakes typically occur
within one to two years after a period of significant gravity
changes in the region in question. Because the region
experienced significant gravity changes from 1998 to 2005,
it was forecasted that the earthquake would occur sometime
in 2007 or 2008.
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Table 2: Nine large (Ms ≥ 6.8) earthquakes occurred within or near China from 2001 to 2008 and gravity changes before these nine
earthquakes as detected by the Crustal Monitoring Network of China (CMONOC) [3].
ID

Earthquake
Location of
Magnitude (Ms )
(province or equivalent)
actual epicenter

1

Kunlun (Xinjiang)

8.1

36.2◦ N, 90.9◦ E

2

Oﬀshore east of Taiwan

7.5

24.4◦ N, 122.1◦ E 31-Mar-2002

3

Wangqing (Jilin)

7.2

43.5◦ N, 103.6◦ E 29-Jun-2002

4

Jashi (Xinjiang)

6.8

39.5◦ N, 77.2◦ E

24-Feb-2003

28-Sep-2003 60 (2000–2002); northern Xinjiang

7.9

49.9◦ N, 87.9◦ E

6
7

The bordering areas
between China and
Russia near Northern
Xinjiang
Gaizhe (Tibet)
Yutian (Xinjiang)

6.9
7.3

32.5◦ N, 85.2◦ E
35.6◦ N, 81.6◦ E

8

Wenchuan (Sichuan)

8.0

9

Zhongba (Tibet)

6.8

5

Date of
earthquake
14-Nov-2001

Observed peak-to-valley diﬀerence of gravity changes
(in 10−8 m/s2 ) (time period) and region of change
130 (1998–2000); bordering areas between Qinghai and
Xinjiang
80 (1998–2000); coastal area in Fujian facing Taiwan
60 (1998–2000); the Wangqing-Changchun-Suiyang
area in Jilin
60 (1998–2000); the Kashi-Wushi-Kuerle area in
southwest Xinjiang

9-Jan-2008 80 (2002–2005); the Gaize and Nima area in Tibet
21-Mar-2008 90 (2002–2005); the Yutian and Hetian area in Xinjiang
130 (1998–2005); northern Sichuan along
31.0◦ N, 103.4◦ E 12-May-2008
Luzhou-Wenchuan-Maerkang
31.0◦ N, 83.6◦ E 25-Aug-2008 90 (2002–2005); the Zhongba and Nima area in Tibet

A similar procedure was used to forecast the Wenchuan
earthquake [1, 5]. The forecasted location of the Wenchuan
earthquake was determined to be at the intersection of
the Longmenshan Fault and the zero gravity change line
shown in Figure 3. The magnitude was forecasted to be between Ms = 6.0 and Ms = 7.0 based on the highest value
of the diﬀerences of gravity changes in the region. The timeframe—sometime in 2007 or 2008—was estimated based on
the observation that the earthquake would occur in about
one to two years from 2005 after a period of significant
gravity changes from 1998 to 2005. Again, this timeframe
of the earthquake forecast was based on empirical data and
experience of the researchers. Additional research is needed
to remove the subjective nature in the determination of the
timeframe of a forecasted earthquake.

7. Conclusions and Discussions
Despite many years of research, short- to medium-term
earthquake forecast has remained a diﬃcult task [10–12].
Although the potential of using gravity data for earthquake
research was recognized nearly 50 years ago [13–20], there
existed few cases demonstrating the usefulness of gravity
monitoring data for useful earthquake forecast. Based on discussions presented above, we argue that information derived
from large-scale regional gravity monitoring data has the
potential to be used as a precursor for forecasting large earthquakes in a medium-term of no more than five years, particularly when that information is combined with expert
knowledge about historic seismic activities, seismicity rate,
as well as geological and tectonic conditions in the region in
question.
The benefits of medium-term earthquake forecast are obvious. At a minimum, the forecast will help delineate high
risk areas within a short timeframe of usually two to three
years, enable decision makers to deploy limited resources

to targeted areas, and hopefully help save lives and protect
properties. An immediate need in advancing this line of
research is to support and continue empirical research for
medium-term earthquake forecasts using gravity monitoring
data at a regional scale. We advocate that countries in highrisk earthquake zones establish regional scale gravity monitoring networks in areas covering these earthquake zones. A
procedure similar to the one used in China can be employed
to periodically collect ground gravity survey data [4–7].
These procedures can be modified, improved, and replicated
to suite situations in other parts of the world.
Gravity data reported in this paper suﬀer a number of
limitations. First, there are several uncertainties in the data
that aﬀect the usefulness and reliability of the gravity changes derived from the gravity monitoring data. These uncertainties include gravity variations due to hydrological eﬀects
and vertical crustal displacements, as well as inevitable errors
in ground gravity surveys across a large region. Second, the
density of the monitoring network as measured by the number of gravity observation stations was low. This low density
undoubtedly would aﬀect the results of the gravity monitoring data. Third, the time interval of the ground gravity
survey was two or three years in the four rounds of gravity
surveys discussed in this paper. Gravity monitoring data of
the same nature with higher frequency would improve the
usefulness of the data. Future eﬀorts of data collection and
data processing should strive to reduce the uncertainties and
limitations mentioned above.
There are a number of significant research questions that
warrant additional research. The first question is whether
there were significant gravity changes before other large
earthquakes in China and its neighboring regions during the
same time period. A recent article by Zhan and his colleagues
demonstrated that significant gravity changes were observed
before all nine large earthquakes that ruptured within or near
mainland China from 2001 to 2008 [3]. Table 2 provides
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a summary of the significant gravity changes before these
nine earthquakes. However, it remains to be evaluated
whether these gravity changes are indeed associated with the
large earthquakes and if similar observations can be made in
other parts of the world.
The second research question is how to remove the subjective nature in the determination of the magnitude, location, and timeframe of a forecasted large earthquake. The
forecast examples presented in this paper heavily relied on
subjective expert knowledge and empirical experience of
the researchers. What is missing is a set of objective computational procedures that are generally applicable to other
parts of the world for determining the magnitude, location,
and timeframe of a pending large earthquake [21].
Third, once the method is fully developed, the statistical
significance of gravity changes and their relationships with
the occurrence of large earthquakes will have to be evaluated
using historical data. In addition, a quest of enormous value is to investigate the physical processes that lead to
gravity changes before large earthquakes and determine how
those physical processes may be used in earthquake forecast.
Progresses about research addressing the questions stated
above will be reported in future publications.
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