Ó Indian Academy of Sciences

J. Astrophys. Astr. (2021)42:75
https://doi.org/10.1007/s12036-021-09766-8

Sadhana(0123456789().,-volV)FT3](012345
6789().,-volV)

Chinese sunspot drawings and their digitization 2 (IV) differential rotation
profile determined from hand-drawing records
XIAO-YU LUO1, YANG PENG1,2, SHENG ZHENG1, SHU-GUANG ZENG1,* ,

LIN-HUA DENG2,3, YONG-LI FENG2 and JIN-PING TAO2
1

College of Science, China Three Gorges University, Yichang 443002, China.
Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, China.
3
Chongqing University of Arts and Sciences, Chongqing 402160, China.
E-mail: zengshuguang19@163.com
2

MS received 31 January 2021; accepted 7 April 2021
Abstract. It is necessary to better understand the dynamic process of solar differential rotation. Here the
hand-drawing sunspot group records from 1958 to 2015 of Yunnan Observatories (YNAO) are used to study
the solar rotation profile. Firstly, the rotation profile in each solar cycle 19-23 is calculated. Secondly, the
rotation parameters (equatorial rotation velocity A and differential gradient B) of YNAO are compared with
the well-known earlier results. Finally, the rotation parameters in the northern and southern hemispheres
during each solar cycle 19-23 are summarized. The main conclusions we reached are as follows: (1) The
average difference of the equatorial rotation velocity and differential gradient, between YNAO sunspot and
other sunspot datasets, are 0.09 and 0.4, respectively. (2) The magnitudes of the gradient B in the northern
hemisphere are larger than that in the southern hemisphere at even-number cycles, and it will approximately
reverse at odd-number cycles.
Keywords. Sun: rotation–sunspots—methods: data analysis.

1. Introduction
Solar differential rotation is an important subject in
solar physics field. It plays a key role in the mutual
conversion of the solar poloidal and toroidal magnetic
field, thus laying theoretical foundation for the solar
dynamo model explaining the formation of solar
activity cycle (Babcock 1961; Dikpati & Gilman
2009; Charbonneau 2010). Spectroscopic and tracer
methods are commonly used methods to observe the
rotation velocity of the solar surface (Gilman 1974;
Howard 1984; Stix 1989). Sunspots and sunspot
groups have the characteristics of long observation
period, slow change, and large number of samples, so
they are commonly used tracers (Gilman & Howard
1985, 1986; Gupta et al. 1999).
Currently, there are already many sunspot datasets
used to calculate the solar differential rotation profile:
the Greenwich Photoheliographic Results dataset
(Woehl 1987; Javaraiah & Bertello 2016; Ruždjak
et al. 2017), the Kanzelhöhe Observatory for Solar

and Environmental Research dataset (Lustig & Dvorak 1984; Balthasar & Fangmeier 1988; Poljančić
Beljan et al. 2017), the Mount Wilson Observatory
dataset (Howard et al. 1984; Gilman & Howard
1986), the Kodaikanal dataset (Gupta et al. 1999;
Howard et al. 1999), the Extended Greenwich Results
dataset (Poljančić et al. 2011; Javaraiah 2003), and so
on. Based on the above sunspot datasets, we have
known many regularities on the solar differential
rotation. For instance, the solar differential rotation
changes regularly over time. Lustig (1983) discovered
that the rotation velocity of the solar equator has been
slowly increasing during 1947–1981. Javaraiah (2003)
discovered a 90-year cycle in mean differential gradient over solar cycle during 1879–2002. The research
of Li et al. (2013) showed that the solar rotation rate
at the ascending part of a solar cycle is more differential than that at the descending part on an average.
The asymmetry of the solar rotation in the northern
and southern hemispheres is closely related to the
parity of the solar cycle number (Gigolashvili et al.
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2003, 2005), and there are periodic changes (Javaraiah
& Gokhale 1997). Javaraiah (2003) discovered the
North–South (N–S) difference of parameter B is significant during even-number solar cycles, but not in
odd-number cycles. Xie et al. (2012) proved the existence of 7.7 and 17.5 years period in the N–S asymmetry
of the rotational cycle length from 1945 to 2010. The
rotation rate of the Sun is also related to the size of
magnetic field region. Komm et al. (1993) concluded
that the large magnetic field region rotates slower than
the small magnetic field region. The hand-drawing
sunspot dataset of the Yunnan Observatory has not been
used to study the solar differential rotation.
YNAO has been observing the sunspot since 1950.
During these 60 years of observation, a 5-inch solar
equatorial telescope was used to observe the Sun and
drew more than 16,000 hand-drawing sunspot records.
Lin et al. (2019) and Wan et al. (2020) established a
dataset consisting of Chinese historical sunspot
drawings from 1954 to 2015, which contained the
scanned images and all their digitized parameters.
Peng et al. (2020) extracted the 1958–2015 handdrawing sunspot records of YNAO dataset, and made
an accuracy analysis on them. From August 2004 to
December 2015, 268 H-type (Zurich sunspot classification) sunspots were selected and compared with the
sunspots on the satellite image in terms of location
and area. They found that the accuracy of the latitude,
the longitude, and the area of a hand-drawn sunspot
were 0:127 degree, 2.29 degree, and 16.36 lHem,
respectively. In this work, the hand-drawing sunspots
records from 1958 to 2015 of YNAO are used to study
the solar rotation profile.
The rest of the paper is organized as follows. The
introduction of data and related sample selection
criteria are introduced in detail in the second section. In the third section, the method of calculating the
solar rotation velocity and the process of data

processing are explained in detail. The rotation profile
of the Sun and the comparison of results with other
sunspot datasets are given in the fourth section. Finally, the main conclusions of this paper are
summarized.
2. Data introduction
2.1 Data source
The hand-drawing sunspot group data from 1958 to 2015
was extracted from the dataset established by Lin et al.
(2019). It contains a lot of useful information, such as: the
heliographic location information of the sunspot group,
central meridian distance (CMD), the date of observation, and the UT time of observation, etc. Figure 1 shows
the butterfly diagram of the hand-drawing sunspot group
data of YNAO from 1958 to 2015.
The abscissa in the Figure 1 is the time, and the
ordinate is the latitude of the sunspot group. From the
Figure 1, the sunspot groups are evenly distributed
around 30 in the beginning of solar cycles, and then
shift to the equator respectively over time. The sunspots in the maximum time are evenly distributed at
15 , and the sunspots in the minimum time are
evenly distributed at 8 . The above law conforms to
Spörer law, and the distribution of sunspots in the
Figure 1 clearly shows the outline of the butterfly.
2.2 Determination of the heliographic positions,
selection of the sunspot group
A semi-automatic program is used to determine the
position of the sunspot group. The following process
is used to determine the location of the sunspot group.
Firstly, the Hough transform, which is one of the
classical computer vision techniques for detecting the
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Figure 1. Butterfly diagram of the hand-drawing sunspot group data of YNAO from 1958 to 2015.
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general low-parametric objects such as circles
(Ballard 1981), is used to get the circle on the handdrawing sunspot records, and then get the radius R and
the center of the Sun. Secondly, a rectangular coordinate system with the center of the Sun as the origin
is established, the east-west direction as the x-axis,
and the north-south direction as the y-axis. Thirdly, in
order to better study the sunspot group, the partial
picture containing the sunspot group is manually cut
out from the hand-drawing record. For example, the
highlighted part in Figure 2 is an enlarged view of the
partial picture. And the centroid coordinates of the
sunspot group relative to the coordinate system (X, Y)
are calculated, and a red asterisk is marked on the
local image. Fourthly, the three parameters B0 , L0 and
P according to the drawing time T of the handdrawing sunspots record are calculated. Finally, the
latitude and longitude ðBp ; Lp Þ of the sunspot group
based on the above parameters are calculated.
The recognition results of three different types of
sunspot groups are given in Figures 2–4. Taking the
Figure 2 as an example, the right subgragh is handdrawing image, and the left is the satellite image at the
closest time. The center of gravity coordinates
ðBp ; Lp Þ of the two sunspot groups are calculated and
marked in the figure. In addition, considering the time
difference between the two images, the position of the
hand-drawing sunspot group is corrected by the classic differential rotation formula. From Figures 2–4,
the deviation of Bp ; Lp between the sunspot group in
two images can almost be ignored.
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In order to improve the calculation accuracy of the
solar rotation rate, the following criteria were used to
filter sunspot group records. Firstly, in order to avoid
the high position uncertainty caused by the limb
effects, the data corresponding to jCMDj [ 60 are
excluded. This criterion covers 85 percent of the
projected solar radius (Balthasar et al. 1986). Secondly, small sunspot groups corresponding to
area\200 lHem are excluded. Thirdly, the abnormal
sunspot groups whose displacements exceeding
2 day1 in the latitude, 3 day1 in the longitude should
be excluded (Javaraiah 2003). Finally, the sunspot
groups whose life time less than two days are also
excluded.
Since the time of sunspot observation is particularly
important for the calculation of rotation velocity, the
system time deviation caused by the observer’s
drawing is calculated. For each hand-drawing image
(the drawing time is t1 ), the satellite image (the
shooting time is t2 ) closest to the sunspot group
drawing time is selected. Then using the classic
differential rotation formula, the time dT from the
position of the hand-drawing sunspot group rotating
to the position of the sunspot group in the satellite
image can be obtained. Finally, the time deviation
ðt2  ðt1 þ dTÞÞ between the hand-drawing image
and the satellite image is calculated (thus the
drawing time of observers). After calculation, the
record time of the hand-drawing images is 28.5
minutes on average less than that of the satellite
image.

Figure 2. The first example of sunspot group recognition. On the left subgragh, the satellite image is shot on 2014/07/04 07:22
UT, and on the right the hand-drawing image is drawn on 2014/07/04 05:15 UT. B0 is the heliographic latitude of the centre of the
disk, L0 is the heliographic longitude of the centre of the disk and P is the position angle of the north end of the axis of rotation.
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Figure 3. The second example of sunspot group recognition. On the left subgragh, the satellite image is shot on 2014/01/
23 03:22 UT, and on the right the hand-drawing image is drawn on 2014/01/23 01:45 UT.

Figure 4. The third example of sunspot group recognition. On the left subgragh, the satellite image is shot on 2014/01/23
03:22 UT, and on the right the hand-drawing image is drawn on 2014/01/23 01:45 UT.

3. Determination of the rotation rates, data
processing

et al. 2010; Javaraiah 2020). Thus the diurnal angle
motion per solar day is:

3.1 Determination of the rotation rates

xð/Þ ¼ 14:18 þ

The xð/Þ is used to represent the rotation velocity at
latitude /. For sunspot groups with the same number
for interval n mean solar days, the change in heliographic longitude can be calculated as m . Then the
diurnal angle motion relative to central meridian is
m =n, and the sidereal rotation velocity of the central
meridian is 14:18 day1 (Newton & Nunn 1951; Chu

m
:
n

ð1Þ

3.2 Data processing
The standard form of the differential rotation formula
is used:
xð/Þ ¼ A þ B sin2 ð/Þ;

ð2Þ
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where / is the heliographic latitude, x is the corresponding rotation velocity, and A and B are the differential rotation parameters. The least squares fitting
is used to fit the samples of the calculated rotation
velocity to the rotation formula, and the 95% confidence interval of the parameters is calculated.
The rotation profile in each solar cycle was calculated.
This batch of data (1958–2015 sunspot group data from
YNAO) was divided by solar cycle and filtered according
to the above data filtering criteria (mentioned in Section 2.2). For the data of each solar cycle, the following
operations were performed. Firstly, for a sunspot record,
the existence time of the sunspot was tracked. Secondly,
by comparing sunspot records with the same Id number
(the Id number used to distinguish different sunspots), the
rotation velocity was calculated with one day, two
days, . . ., the entire existence time as the time interval.
Thirdly, the Equation (2) was used to fit all the samples
calculated in second step, and the fitting parameters and
their 95% confidence intervals were calculated. Finally,
the rotation laws with mean angular velocities from
2.5-degree-latitude zones were portrayed.
The rotation parameters were also compared with
several well-known earlier rotation results from different data sources. The results were listed in the
fourth section. The rotation profiles in the North-South
hemispheres during each solar cycle were also summarized in the fourth section.
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The rotation profile and parameters in each solar cycle
are shown separately in Figures 5 and 6. The abscissa
of each subgraph is latitude, and the ordinate is rotation velocity. The red dotted line in the figure is the
fitting curve of all sample points brought into the
rotation model, and the scattered points are mean
angular velocities from 2.5-degree-latitude zones.
From rotation parameters listed from each subgragh in
Figures 5 and 6, excluding the incomplete solar cycle
19, the magnitude of differential gradient first
increases from 2.378 to 2.804 for the solar cycle
20–21, and then decreases from 2.804 to 2.312 for the
solar cycle 21–23. That shows the differential gradient
may change periodically over the solar cycle, and
longer data is needed to find its long-period cycle.

4.2 Comparison with other data sources
Three rotation results from Kanzelhöhe sunspot
dataset and the Extended Greenwich Results (EGR)
dataset were selected for comparison of rotation rates
and rotation parameters. Table 1 shows the comparRotation profile in the solar cycle 21
Rotation parameters: A: 14.315 ± 0.015 B: -2.804 ± 0.122
12.5
12.7

13.2
13.4
13.6
13.8
14

12.9
13.1
13.3
13.5
13.7
13.9
14.1

14.2

14.4
14.6
-50

4.1 The rotation profile and parameters in each
solar cycle

Rotation velocity (deg/day)

13
13.2

4. Results

Rotation profile in the solar cycle 20
Rotation parameters: A: 14.282 ± 0.018 B: -2.378 ± 0.201
12.8

Rotation velocity (deg/day)

Rotation velocity (deg/day)

Rotation profile in the solar cycle 19
Rotation parameters: A: 14.335 ± 0.021 B: -2.394 ± 0.204
12.8

75

-40

-30

-20

-10

0

10

20

30

40

50

14.3

14.4
-50

-40

-30

-20

-10

0

10

20

30

40

50

14.5
-50

-40

-30

-20

-10

Latitude

Latitude

0

10

20

30

40

50

Latitude

Figure 5. Solar rotation profiles in cycle 19 and cycle 21.
Rotation profile in the solar cycle 22
Rotation parameters: A: 14.357 ± 0.014 B: -2.468 ± 0.114

Rotation profile in the solar cycle 23
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Rotation parameters: A: 14.321 ± 0.007 B: -2.475 ± 0.063
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Figure 6. Solar rotation profiles in cycle 22 and cycle 23, and all data.
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Table 1. Rotation rates comparison between YNAO dataset and Kanzelhöhe dataset.

Latitude (deg)
Kanzelhöhe dataset the full disk
Average rotation velocity
Error bar
YNAO dataset the full disk
Average rotation velocity
Error bar
Difference
Kanzelhöhe dataset Northern hemisphere
Average rotation velocity
Error bar
YNAO dataset Northern hemisphere
Average rotation velocity
Error bar
Difference
Kanzelhöhe dataset Southern hemisphere
Average rotation velocity
Error bar
YNAO dataset Southern hemisphere
Average rotation velocity
Error bar
Difference

0–5

5–10

10–15

15–20

20–25

25–30

14.28
0.07

14.25
0.04

14.20
0.04

14.08
0.04

13.95
0.05

13.91
0.08

14.280
0.018
0.000

14.208
0.011
0.042

14.160
0.010
0.040

14.016
0.011
0.064

13.917
0.014
0.033

13.688
0.019
0.222

14.27
0.10

14.28
0.06

14.22
0.05

14.08
0.05

13.97
0.07

13.98
0.13

14.260
0.020
0.010

14.247
0.017
0.033

14.160
0.014
0.060

14.000
0.014
0.080

13.914
0.020
0.056

13.610
0.023
0.370

14.29
0.10

14.22
0.06

14.18
0.05

14.07
0.06

13.92
0.08

13.87
0.10

14.309
0.030
0.019

14.173
0.015
0.047

14.158
0.014
0.022

14.041
0.018
0.029

13.919
0.019
0.001

13.709
0.025
0.161

Average
difference of
rotation velocity
0.067

0.102

0.047

Table 2. Rotation parameters comparison between YNAO dataset and EGR dataset.
Year

Parameter A
of EGR

Parameter A
of YNAO

Parameter B
of EGR

Parameter B
of YNAO

The full disk in cycle 21 (1976–1986)
Northern hemisphere
Southern hemisphere
The full disk in cycle 22 (1987–1996)
Northern hemisphere
Southern hemisphere
The full disk in cycle 23 (1997–2002)
Northern hemisphere
Southern hemisphere
The full disk of all data (1976–2002)
Northern hemisphere
Southern hemisphere

14.48(±)0.01
14.47(±)0.02
14.49(±)0.02
14.40(±)0.01
14.42(±)0.02
14.39(±)0.02
14.46(±)0.02
14.49(±)0.03
14.42(±)0.03
14.45(±)0.01
14.45(±)0.02
14.44(±)0.02

14.316(±)0.014
14.285(±)0.020
14.352(±)0.020
14.358(±)0.014
14.342(±)0.020
14.371(±)0.019
14.310(±)0.018
14.300(±)0.025
14.323(±)0.027
14.330(±)0.009
14.309(±)0.012
14.355(±)0.013

-2.08(±)0.10
-1.89(±)0.15
-2.23(±)0.15
-2.06(±)0.10
-2.01(±)0.17
-2.12(±)0.16
-2.51(±)0.20
-2.72(±)0.25
-2.26(±)0.25
-2.17(±)0.07
-2.13(±)0.10
-2.20(±)0.10

-2.810(±)0.121
-2.648(±)0.175
-2.991(±)0.167
-2.468(±)0.114
-2.554(±)0.162
-2.389(±)0.160
-2.268(±)0.151
-2.331(±)0.213
-2.231(±)0.214
-2.540(±)0.073
-2.517(±)0.104
-2.582(±)0.102

Average difference

ison of rotation rates between YNAO dataset and
Kanzelhöhe dataset. The rotation rates from Kanzelhöhe dataset were calculated by Lustig (1982). He
used the sunspot group data from 1970 to 1979. The
rows in the Table 1 represents the division interval
with the solar latitudinal belt, and the columns

0.10

0.44

represents the division with the solar hemispheres and
different datasets. The content in the Table 1 represents the average value of all velocity samples in the
divided area. We calculated the difference of the
rotation rates between the two datasets, and found that
the average difference of the rotation rates from 1970
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Table 3. Rotation parameters comparison between YNAO dataset and Kanzelhöhe dataset.
Year

Parameter A
of Kanzelhöhe

Parameter A
of YNAO

Parameter B
of Kanzelhöhe

Parameter B
of YNAO

1958.1–1964.7 Northern hemisphere
1958.1–1964.7 Southern hemisphere
1964.8–1976.5 Northern hemisphere
1964.8–1976.5 Southern hemisphere
1976.6–1981 Northern hemisphere
1976.6-1981 Southern hemisphere
1958.1–1981 Northern hemisphere
1958.1–1981 Southern hemisphere
1958.1–1981 the full disk

14.36(±)0.02
14.38(±)0.02
14.40(±)0.02
14.37(±)0.02
14.50(±)0.02
14.47(±)0.03
14.38(±)0.01
14.38(±)0.01
14.38(±)0.01

14.327(±)0.026
14.371(±)0.037
14.311(±)0.025
14.244(±)0.025
14.286(±)0.022
14.328(±)0.024
14.304(±)0.014
14.306(±)0.015
14.305(±)0.010

-2.76(±)0.12
-2.52(±)0.17
-2.75(±)0.20
-2.48(±)0.27
-2.57(±)0.20
-2.34(±)0.20
-2.70(±)0.09
-2.34(±)0.11
-2.57(±)0.07

-2.254(±)0.226
-3.141(±)0.504
-2.692(±)0.266
-1.930(±)0.311
-2.657(±)0.184
-2.873(±)0.178
-2.559(±)0.125
-2.670(±)0.141
-2.608(±)0.094

Average difference

0.09

0.32

Table 4. Summary of rotation parameters of YNAO.

All data (1958.1–2015.12) the
Norther hemisphere
Southern hemisphere
The cycle 19 (1958.1–1964.8)
Norther hemisphere
Southern hemisphere
The cycle 20 (1964.9–1976.4)
Norther hemisphere
Southern hemisphere
The cycle 21 (1976.5–1986.8)
Norther hemisphere
Southern hemisphere
The cycle 22 (1986.9–1996.8)
Norther hemisphere
Southern hemisphere
The cycle 23 (1996.9–2006.8)
Norther hemisphere
Southern hemisphere

full disk

the full disk

the full disk

the full disk

the full disk

the full disk

Parameter A

Parameter B

A N  AS

BN  B S

14.321(±)0.007
14.308(±)0.01
14.335(±)0.01
14.335(±)0.021
14.328(±)0.026
14.371(±)0.037
14.282(±)0.018
14.314(±)0.025
14.246(±)0.025
14.315(±)0.015
14.283(±)0.020
14.353(±)0.021
14.357(±)0.014
14.341(±)0.020
14.369(±)0.019
14.315(±)0.015
14.285(±)0.022
14.343(±)0.021

-2.475(±)0.063
-2.458(±)0.088
-2.493(±)0.091
-2.394(±)0.204
-2.257(±)0.226
-3.141(±)0.504
-2.378(±)0.201
-2.717(±)0.267
-1.937(±)0.310
-2.804(±)0.122
-2.632(±)0.177
-2.994(±)0.169
-2.468(±)0.114
-2.560(±)0.161
-2.383(±)0.160
-2.312(±)0.134
-2.208(±)0.199
-2.407(±)0.183

-0.027

0.035

-0.043

0.884

0.068

-0.780

-0.070

0.362

-0.028

-0.177

-0.058

0.199

to 1979 is 0.047. The difference of the rotation rates in
the northern and southern hemispheres are 0.067 and
0.102 respectively. From Table 1, the rotation rate of
the Sun decreases as the latitude rises, complying with
the distribution law of the solar rotation rate. We
also calculated the fitting result for this period (1970–
1979) as xð/Þ ¼ ð14:266  0:015Þ þ ð2:520 
0:133Þ sin2 ð/Þ, and the fitting result of Lustig (1982)
is xð/Þ ¼ ð14:27  0:04Þ þ ð1:84  0:12Þ sin2 ð/Þ.
The equatorial rotation rates between two fitting
results differ by 0.04, and the differential gradients
differ by 0.68.
Javaraiah (2003) used 1976–2002 sunspot data from
EGR dataset to obtain the rotation profile in each solar
cycle. In Table 2, the rotation profiles calculated by

Javaraiah (2003) were selected to compare the solar
rotation parameters between YNAO dataset and EGR
dataset. The rows in the Table 2 represents the rotation
parameters from different datasets, and the columns
represents rotation parameters in different solar cycles
and solar hemispheres. From Table 2, the average
difference of the equatorial rotation velocity between
the two datasets is 0.1, and the average difference of
the differential gradient is 0.44.
Lustig (1983) used the sunspot data from 1947 to
1981 to obtain the rotation profile in each solar cycle. In
Table 3, the rotation profiles calculated by Lustig
(1983) were selected to compare the solar rotation
parameters between YNAO dataset and Kanzelhöhe
dataset. The rows and the columns in Table 3 have the
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same meaning as those in Table 2. The average difference of the equatorial rotation velocity between the two
datasets is 0.09, and the average difference of the differential gradient is 0.32. The data in cycle 19 is
incomplete, so the difference of the parameters is relatively large. Finally, we averaged all the difference of
the equatorial rotation velocity and the differential
gradient, and found that the average difference of the
equatorial rotation velocity is 0.09, the average difference of the differential gradient is 0.4.

4.3 Summary of the rotation parameters in solar
hemispheres during each solar cycle
All the rotation parameters in the N–S hemispheres
during each solar cycle are given in Table 4. Where
AN and BN respectively represent the parameter A in
the northern hemisphere and the parameter B in the
northern hemisphere. The error interval in the Table 4
represents the 95% confidence interval, and the confidence level is higher than the standard error.
From AN  AS in Table 4, the equatorial rotation
velocity in the southern hemisphere is on average
greater than that in the northern hemisphere, which is
consistent with Xie et al. (2012) and Zhang et al.
(2015). From the overall fitting results, the overall
rotation in the southern hemisphere is faster than that in
the northern hemisphere. Javaraiah (2003) discovered
the rotation of the Sun in the northern hemisphere in
even-number solar cycles is more differential than that
in the southern hemisphere, and it seems to reverse in
odd-number cycles. Excluding the 19th solar cycle with
incomplete data, the magnitudes of the gradient B in the
northern hemisphere are larger than that in the southern
hemisphere at even-number cycles, and it will approximately reverse in odd-number cycles from BN  BS .
That is consistent with the result of Javaraiah (2003).
From the last four solar cycles, the difference of equatorial velocity between the northern and southern
hemispheres in cycle 21 is greater than that in other
solar cycles, and the difference of differential gradient
in the N–S hemispheres in cycle 20 and 21 is greater
than that in other solar cycles.

5. Conclusions
The hand-drawing sunspot records from 1958 to 2015
of YNAO were used to calculate the solar rotation
profile in this paper. The rotation profile in each solar
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cycle 19-23 was first calculated. And then, the wellknown earlier results were selected to compare with
the rotation parameters of YNAO. Finally, the rotation
parameters in the northern and southern hemispheres
during each solar cycle were summarized. The main
conclusions of this paper are as follows:
(1) By comparing the results between YNAO sunspot dataset and other sunspot datasets, the average
difference of the equatorial rotation velocity and differential gradient are 0.09 and 0.4, respectively.
(2) The sign of BN  BS alternates between positive
and negative over solar cycle. The magnitudes of the
gradient B in the northern hemisphere are larger than
that in the southern hemisphere at even-number
cycles, and it will approximately reverse in oddnumber cycles.
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