We appreciate the reviewer’ valuable comments and constructive suggestions which help us
improve the quality of the manuscript. We have carefully revised the manuscript according to
these comments. Point-to-point responses are provided below. The reviewer’ comments are in

black, our responses are in blue and the corresponding changes in manuscript are in red.

Reviewer #2

This analysis is divided in two parts: first, a comparison of aerosol properties retrieved by
inversion code SKYRAD versions 4.2 and 5.0 is performed, based on two years of data for two
SKYNET sites. Second, version 5.0 is used to analyze the aerosol characteristics at the two sites.
This kind of study is needed for the improvement of the SKYNET network methodology, and also
for the improvement of our knowledge of the aerosol characteristics at China. Therefore, it is
adequate for this journal.

However, I would recommend to accept the paper after a major revision, mainly related to: adding
detail to the text - improving the graphical representations - further discussing the temporal
behavior of aerosol at the two sites

The use of English is adequate, although some flaws are pointed out and I would recommend a
revision.

Response: Thank you for your valuable comments and constructive suggestions. We have carried
out additional experiments and found that the calibration constants in the previous experiments
were incorrect, so we corrected them and re-carried out the experiments and numerical tests; some
results and figures have been updated and represented in the following response.

We have added more details related to the graphical, climate and major chemical compositions in
PM2.5 in the two sites. Some of the new figures and comments about inter-comparisons results
between V5.0 and V4.2 have been shown in the following comments. Meanwhile, we have also
investigated some parameters linked to the SSA differences between the V5.0 and V4.2, the
seasonal variation of aerosol have been discussed combining the possible emission sources and
prevailing wind based on more data and references as shown in the following comments.

General comments:

Introduction: Some more background discussion would be welcome. Please add also a few

comments about general differences between versions 4.2 and 5.0. Non-sphericity, minimization



technique used, etc, so general readers can learn about these codes.
Response: Non-sphericity particle model are neither included in V4.2 nor V5.0. We have added

the comment in the revised manuscript.

V4.2 uses the iterative relaxation method of Nakajima et al. (1983, 1996) to remove the multiple
scattering contributions and derive an optimal solution using a statistical regularization method
(Turchin and Nozik, 1969) by minimizing the cost function as proposed by Phillips (1962) and
Twomey (1963).

V5.0 uses the non-linear maximum likelihood method defined by Rodgers (2000) which was based
on the Bayesian theory. The non-linear inversion has a strong dependence on the estimation of the

first-guess solution. Version 5.0 uses an a priori SDF of a bimodal log-normal function.

Section 2.1: Please explain the method used for the calibration, and any findings you consider

interesting to note, if any (calibration drift, etc).

Response: The Improved Langley (IL) plot method is used in this study to determine the temporal
and spectral calibration constants for direct intensity (FO) with accuracy of about 1.0-2.5 %,
depending on the wavelength (Nakajima et al., 1996; Campanelli et al., 2004). The calibration by
IL plot method is made daily, the variation of FO due to instrumental drift can be quickly spotted,
and then appropriate corrections to data can be applied exactly from the period in which the
deviation occurred (Campanelli et al., 2004). We have added the above comments in the revised

manuscript.

It is important also to detail the description of the two sites, including a map if possible, to
understand aerosol characteristics. -
Response: We have added a map in the revised manuscript to show the locations of the two

SKYNET sites in this study as shown in the following figure.
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Figure 1: The locations of the two SKYNET sites in the study
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In section 2.2 Site description, we have added some more details including monsoon, temperature,
and precipitation. We have added the following descriptions in the revised manuscript.

The Qionghai site of SKYNET (19.23°N, 110.46°E, 24 m a.s.l.), which was located in the eastern part
of Hainan Island, was mainly influenced by East Asia monsoons and typhoons. During summer, the
dominant wind is from south to southeast, summer monsoon from the South China Sea and West Pacific
brought most of the annual rainfall to the island (Zhu et al., 2005), whereas the winter monsoon from
Inner Mongolia carries dry winds to the area (Zhu et al., 2005; Peel et al., 2007; Yin et al., 2002).
Annual average rainfall in Qionghai is estimated about 1653.4 mm. Maximum high temperature occurs
in July, with monthly average of 28.6 °C, monthly lowest temperature occurs in January, with monthly
average of 19.1°C (Yin et al., 2002).

The other measurement site in this study was located in rural Yucheng (36.82°N, 116.57°E, 22 m
a.s.l.), Shandong Province, China, which is almost in the centre of the North China Plain. The selected
site is in an open field surrounded by farmland. The region belongs to semi-humid and temperate
monsoon climate zone, characterized by a mean annual temperature of 21°C and mean annual
precipitation of 610 mm mainly distributed in summer months (Chen et al., 2012).Yucheng and the
surrounding areas are famous for their agriculture (e.g., wheat and corn) and grazing land (e.g.,
donkeys and chickens). In addition, the site near 20 to 30 km radius located several factories in the
production of inorganic and organic fertilizers (Wen et al., 2015), and the application of fertilisers to
farmland emitted a great deal of NH3 (Zhao et al., 2012). Meanwhile, Yucheng was located in the

downwind of the Beijing-Tianjin-Hebei region, long-distance transport of sources of industrial



pollution and biomass burning contributed significantly to the concentrations of pollutants in Yucheng
(Lu et al., 2016).

In addition, based on the results simulated by the Community Multi-scale Air Quality model
with the 2D Volatility Basis Set (CMAQ/2D-VBS) (23), we have added the following comments
and figure in the revised manuscript to describe the major chemical compositions in PM2.5 and
their percentage contribution to PM2.5 at the two sites.

It is well known that OC, EC, SO4%, NO3™ and NH4" were the dominant chemical components in
PM2.5 (Tao et al., 2017). The above-mentioned five major components over the two sites were
discussed below based on the results simulated by the Community Multi-scale Air Quality model with
the 2D Volatility Basis Set (CMAQ/2D-VBS) (23) at 36- x 36-km resolution with emission inputs
derived from a Chinese emission inventory developed and updated to 2015 with details in these studies
(Wang et al., 2014; Zhao et al., 2018). The contributors to carbonaceous aerosols in China mainly
include coal combustion, vehicle exhaust and biomass burning, etc (Liu et al., 2018).As shown in Fig.
9, the concentrations of OC were significantly higher than that of EC at Qionghai, likely due to the
mixed contributions of atmospheric chemical reactions and primary anthropogenic sources to OC (Cao
et al., 2004). The nitrate accounted for a large fraction of PM2.5 in Yucheng, it was strongly related to

the high emission levels of NH3 and O3 in Yucheng (Wen et al., 2015).

(a) Qionghai

(b) Yucheng

Figure 9: Percentage (%) contribution of NO3", SO4* NH4" ,0C and EC to PM2.5 mass in Qionghai (a)and

Yucheng (b) in 2015

Section 2.2: Please cite the source for the details given about version 5.0. Comments about
expected errors would be useful at this stage.
Response: The non-linear maximum likelihood method used in V5.0 has a strong dependence

on the estimation of the first-guess solution. Version 5.0 uses an a priori SDF of a bimodal



log-normal function. The reference ‘Hashimoto et al., 2012’ gives more details about V5.0. They
had performed various test simulations with SKYRAD.pack V4.2 and V5.0 (Hashimoto et al.,
2012), and found: In the case of a large amount of coarse particles with radius greater than 10 pm
existing , the numerical tests performed by Hashimoto et al showed that V4.2 could retrieve the
SDF relatively well, including the coarse mode, in comparison with V5.0, because the smoothness
condition given by Eq. (2) allowed the retrieved SDF to be distributed beyond 10 pm radius, on
the other hand, V5.0 underestimated the coarse mode of the SDF because of the strong SDF
constraint condition given by Eq. (5) with a small model radius rm, = 2.0 um for the coarse mode
SDF (Hashimoto et al., 2012). So we have compared the differences between retrieved SSAs at
500 nm by V5.0 and V4.2 when set rm2 = 1.5, 1.8, 2.0(default), 2.5 and 3.0 in Skyrad.pack V5.0
based on the measurements in 2014. As shown in Fig.7, SSAs by V5.0 correlated to SSAs by V4.2
with R=0.860, 0.837, 0.855, 0.809 and 0.226 when r,, = 1.5, 1.8, 2.5 and 3.0 in V5.0 over
Qionghai, respectively. The correlation coefficient between SSA by V5.0 and V4.2 was the

highest while setting ry, as 2.0 (the default value) at both the two sites.
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Figure 7: Scattergrams of retrieved SSA between SKYRAD V4.2 and V5.0 when r,; =2.0(default), 1.5, 1.8,
2.5 and 3.0 for Qionghai (a) and Yucheng (b) in 2014.r,, represents the model radius for the coarse mode
SDF.

We also investigated whether the total amount of aerosols in the atmosphere were linked to the
difference in SSA between the two versions. As shown in Fig. 8, the SSA differences at 500nm
between the two versions (defined as: [SSA V5.0500nm - SSA V4.2500um |) decreased while the

corresponding AODs at wavelengths of 500 nm by V5.0 increased at both the two sites. When the



AOD was high (in this study the threshold was set to 0.5 for AODsgoum), SSA retrieved by V5.0 had a
good comparison with those with V4.2. It is well known that the inversion products have a very high
uncertainty in cases of very low aerosol burdens, the retrieval error in SSA rapidly increases with
decreasing AOD (Dubovik et al., 2000), especially in parameters such as the imaginary part of the
refractive index.

We have added the above comments and figure in the revised manuscript.

Section 3.1: It is possible to further analyze the comparison of the SDF, including some statistics.
In the first part of the paper, perhaps the authors should focus on the analysis of the differences
(absolute or relative) and leave the absolute retrievals for the second part of the study (analysis of
the aerosol properties). Why AOD is not included in the comparison?

Response: Following the reviewer’s suggestion, we have added the following figure which
showed the plots of AOD values at each wavelength derived from the solar direct irradiance between
the two versions. High correlation was found with a significant coefficient larger than 0.995 at each
band except 1020nm over Qionghai. High consistency of AODs between V4.2 and V5.0 indicates that

the inversion process in V5.0 did not bring about a large change in the retrieved direct solar radiation

(Hashimoto et al., 2012).
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Figure 2: Scatter plot and correspondent linear fitting for the aerosol optical depth (AOD) between
SKYRAD V4.2 and V5.0 at wavelengths of 400, 500, 670, 870, and 1020 nm over Qionghai and Yucheng
during February 2013 to December 2015.

We have added the above comments and figure in the revised manuscript.



We have replaced Fig.1 with the following figure which shows the retrieved monthly volume size
distribution between SKYRAD V4.2 (red lines) and V5.0 (blue lines) for Qionghai (dotted line)
and Yucheng (solid lines) during February 2013 to December 2015. As shown in the following
figure, V4.2 showed a tri-model pattern with three peak volume at radius of 0.25, 1.16, 11.31 and
0.25, 1.69, 11.31 in July and September over Yucheng, respectively. Figure 3 also showed that
there were larger differences in volume SDF of the coarse mode between V4.2 and V5.0 at

Qionghai than those at Yucheng in most months.
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Figure 3: Retrieved monthly volume size distribution between SKYRAD V4.2 (red lines) and V5.0 (blue lines)

for Qionghai (dotted line) and Yucheng (solid lines) during February 2013 to December 2015

We have added the above figure and comments in the revised manuscript.

Section 3.2. and 3.3.: similarly to 3.1, concentrate on differences rather than absolute values.
Finally, add your opinion about the most adequate version to use in the remaining, based on the
results, so both parts of paper are smoothly linked.

Response: Based on the new experiment results as shown in the following figures, the SSA and m;
had relatively high correlation coefficients between V4.2 and V5.0 with default rm, value based
on the above comparison results. In addition, some tests by Hashimoto et al showed that the SDF
setting in V5.0 was useful for detecting ill-conditioned data caused by cirrus contaminations,
horizontally and/or temporally inhomogeneous aerosol stratification, and so on (Hashimoto et al.,

2012). So we still chose the retrieved results by V5.0 to analyze the seasonal variability of the



aerosol optical properties over Qionghai and Yucheng.
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Figure 4: Scattergrams of the single scattering albedo between SKYRAD 4.2 and 5.0 at wavelengths of 400,
500, 670, 870, and 1020 nm over Qionghai and Yucheng during February 2013 to December 2015. Only data

with AODspn,>0.2 are shown. The green line means the fitted linear regression curve.
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Figure 5: Scattergrams of the imaginary part of the complex refractive index (m;) results between SKYRAD
4.2 and 5.0 at wavelengths of 400, 500, 670, 870, and 1020 nm over Qionghai and Yucheng during February
2013 to December 2015.

We have added the above comments in the revised manuscript.



Section 3.4: I think the analysis of the aerosol properties at the two sites need a deeper analysis,
also including references to previous analysis from China or elsewhere.

Response: Based on the new experiment results, we have made major revision on this section.
Section 3.1, 3.2, 3.3 have been merged into Section 3.1, Section 3.4.1, 3.4.2, 3.4.3, 3.4.4 have
been changed into Section 3.2.2,3.2.3,3.2.4 , 3.2.5 as follows, Section 3.2.1 is ‘“The major
chemical compositions in PM2.5 at the two sites’ as the above, the changes in the manuscript are
in red.

3.2.2 AOD

The AOD is representative of the aerosol loading in the atmospheric column and important for the
identification of the aerosol source regions and the aerosol evolution.

The AOD showed a distinct seasonal variation over both Qionghai and Yucheng. Figure Sa showed
that the seasonal averaged AOD over Qionghai had higher values in spring, winter and autumn while
lower in summer. The stable atmospheric circulation provided a stable atmospheric environment
background, continuous low-level northeast wind facilitates the transportation of pollutants from the
inland to Hainan in spring, winter and autumn (Tang et al., 2019). During summer, the dominant wind
is from South to Southeast (Zhu et al., 2005), the main emission source was from the South China Sea
and West Pacific, in addition, seasonal upwelling off the east coast of Hainan Island was strongest in
summer (Li et al., 2018) which was conducive to pollutant diffusion, meanwhile rich precipitation in
summer was effective for eliminating aerosols, so seasonal averaged value of AOD in summer was the
lowest in Qionghai. As shown in Figs. 10a, AOD in spring were higher than other seasons. Southerly
and northeasterly winds were both prevailing in spring in Qionghai (Liu et al., 2018), long distance
transport and emissions from surrounding areas were both the main pollutant sources of Qionghai.

In Yucheng, the AOD averages were commonly higher in summer and spring than in winter and
autumn. The humidity of Yucheng (belongs to Shandong province) is highest in summer than other
seasons (Meng et al., 2007), the maximum average of 0.99 occurring in summer maybe was caused by
hygroscopic effects, high humidity combined with large fractions of hygroscopic chemical components
(e.g. sulfate, nitrate, ammonium, and some organic matters) can enhance light extinction and haze
intensity the scattering coefficient of secondary inorganic aerosols (such as sulfate, nitrate and
ammonium) (Tao et al., 2017). AOD is higher in spring than in autumn and winter likely related to the

long-range transportation of dust from northern/northwestern China in spring (Tan et al., 2012).
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Figure 10: Seasonal variations in the AOD (a) and the single scattering albedo (SSA) (b) based on SKYRAD
V5.0 over Qionghai and Yucheng for the period from February 2013 to December 2015. The boxes represent
the 25th to 75th percentiles of the distributions while the dots and solid lines within each box represent the
means and medians, respectively.
3.2.3SSA

Figure 10b shows the seasonal averaged SSA at 500 nm for Qionghai and Yucheng during
2013-2015. The seasonal averaged SSA values were approximately 0.91, 0.90, 0.90, and 0.89 in spring,
summer, autumn, and winter, respectively. The lowest seasonal average SSA was observed in winter,
which was probably attributable to the regional transport of the air masses originated from the regions
outside of Hainan province in Eastern China, where a great amount of coal was used for industrial
enterprises and emitted high concentrations of OC and EC (Liu et al., 2018). In Yucheng, the seasonal
pattern of SSA was consistent with AOD, the lowest seasonal average SSAs were also observed in
winter due to carbonaceous aerosols increasing by heating activities and biomass burning, seasonal
average contributions of carbonaceous aerosols were evidently higher in cold seasons than in warm
seasons (Tao et al., 2017). High concentrations of fine particulate nitrate were frequently observed in
summer in Yucheng (Wen et al., 2015), likely to cause the high SSA in summer.
3.2.4Volume Size Distribution
Figures 11a and b show the seasonal averaged volumes of the different aerosol particle size
distributions (dv/dInr) in Qionghai and Yucheng. The aerosol volume size distributions were typical
bimodal patterns during each season at the Qionghai and Yucheng sites. Figures 6 show that there was

a larger contribution of coarse-mode particles to the aerosol volume compared with the fine-mode



particles at the two sites. The fine mode showed a peak at a radius of 0.17 pm in all seasons over
Qionghai. The coarse mode was characterized by a peak at a radius of 5.29 um in spring, summer, and
autumn and 3.62 pm in winter. The size distributions showed distinct differences in their dominant
modes for the different seasons. As shown in Fig. 11a, the fraction of the fine aerosol particles was
much smaller in summer than for the other seasons, the summer meteorological conditions such as high
wind speeds, high mixing heights, and the fresh air masses originated from or passed through the sea,
which may be contributable to the decrease of pollutant concentrations (Liu et al., 2018) and
introducing some sea salt particles of a relatively large size. The seasonal averaged peak of fine mode
and coarse mode SDF were both in winter as shown in Fig.11a, the air masses of transport were mainly
originated from the mainland China, fine and coarse particle were both long range transported to
Qionghai in winter (Wu et al., 2011; Liu et al., 2018).

As shown in Fig. 11b, the coarse-mode particle in Yucheng had a relatively large value compared to
the volume distribution of the fine-mode particle. The prevailing winds in Yucheng were from the
northwest in winter and spring, Yucheng was in the downwind of Hebei province where located many
industrial enterprises emitted pollutants including secondary inorganic acrosols (Tao et al., 2017; Zhao
et al., 2018c).The aerosol was not only from winter heating but also from regional transport, the
fine-mode and coarse-mode particles was both high in winter in Yucheng. The volume of the coarse
aerosol particles relative to the whole was much larger than for the other seasons in spring in Yucheng
probably because of the presence of the dust particles transported from the northwest of China and

secondary inorganic aerosols emitted from enterprises in Hebei (Tao et al., 2017).
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Figure 11: Seasonally averaged volumes of the different aerosol particle size distributions based on SKYRAD
V5.0 over Qionghai (a) and Yucheng (b) for the period from February 2013 to December 2015.
3.2.5 Refractive index

Figure 12a showed the seasonal variation of the real part of the refractive index (m,) at 500 nm over



Qionghai and Yucheng. The averages of m, at 500 nm in Qionghai were 1.45, 1.46, 1.45, and 1.43 in
spring, summer, fall, and winter, respectively. The averages of the real parts were higher in spring
compared to the other seasons in Yucheng. The m, in Yucheng showed a maximum of approximately
1.47 in spring and a minimum of approximately 1.45 in summer.

Figure 12b presented the seasonal variation of the imaginary part of the refractive index at 500 nm over
Qionghai and Yucheng. On the contrary to SSA, the results of imaginary part of complex refractive
index (m; ) were both highest in winter in the two sites.

Aerosol absorption coefficient was determined by elemental carbon (EC) mass concentration and its
coating (Tao et al., 2017), heating activities and biomass burning induced higher carbonaceous aerosols
in winter in Yucheng. As shown in Fig.9, OC/EC ratios could be estimated to be greater than 2.0 in
Qinghai, suggesting coal and vehicle exhaust as dominant carbonaceous aerosols sources (He et al.,

2008; Watson et al., 2001).
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Figure 12: Seasonal variations in the real part of the refractive index (a) and the imaginary part of the
refractive index (b) based on SKYRAD V5.0 over Qionghai and Yucheng for the period from February 2013
to December 2015. The boxes represent the 25th to 75th percentiles of the distributions while the dots and

solid lines within each box represent the means and medians, respectively.

Line 251 is particularly vague, as other reasons for the increase of AOD in summer are usually
considered (differences in transport from remote areas, increase of secondary aerosols due to
higher solar radiation...). In contrast to first part of the paper, in the second part I would

recommend to focus on the absolute values, represented in monthly means along the year, with



corresponding boxplots, for example. Current analysis based on seasonal averages alone, is not
optimum.

Response:

The increase of AOD in summer in Yucheng maybe was caused by hygroscopic effects. Yucheng
and the surrounding areas are famous for their agriculture and grazing land. In addition, the site
near 20 to 30 km radius located several factories in the production of inorganic and organic
fertilizers (Wen et al., 2015), and the application of fertilisers to farmland emitted a great deal of
NH3 in summer (Zhao et al., 2012). The humidity of Yucheng (belong to Shandong province) is
highest in summer than other seasons (Meng et al., 2007). High humidity combined with large
fractions of hygroscopic chemical components can enhance light extinction and haze intensity the
scattering coefficient of secondary inorganic aerosols (such as sulfate, nitrate and ammonium)
(Tao et al., 2017).

We have tried to represent the monthly means with corresponding boxplots as follows. The
references to previous analysis from China or elsewhere related to the two sites are mostly based
on seasonal averages. There are no other data available to be inter-compared with our results
during the experiment time. To analyze the reasons for the variation or inter-compare based on the

references, the temporal variation analysis are based on seasonal averages as above .

25

25

(a) Qionghai p _ (b) Yucheng
i '
' "
v ' 1
1 1
2 2r ' p '
i i - :
; : ¢
' T : T : : !
e ! e ' i & F
~ 15} . i 18 Lo Loy
c | ' £ i &4 ' i
S ' 1 S ' i o [ .
] P ' B 3 o g ) W -
e : ' i L 1 : ' ! ! :
[a] ' ! 1 [a] ' i i L 4
o I = ' (o] 1 1 ' - 1;
< q1b; . : ' 1 < 1F0 H ; 0 ]
1o ' 0 . 1 i B
"o ' - Vo
' [ ] L. ) ' '
1 I N I & o H
1 v ' p
05 . : ] 05 . i 1
! i T : ! ' : W
'
SRR AR b rd it
1 T | 1 1 i i
ol 1 l il i 1 1 i 85 W LI JI 1 =
P S S S I A S S b . ..
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month Month
Figure : Monthly variations in the AOD based on SKYRAD V5.0 over Qionghai (a) and Yucheng (b) for the
period from February 2013 to December 2015. The boxes represent the 25th to 75th percentiles of the

distributions while the dots and solid lines within each box represent the means and medians, respectively.
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Other specific corrections:
line 59: many -> several? -

Response: We have replaced “many” with “several”.

line 74: There are a few -

Response: We have added “a” before “few”.

line94: The dynamic range seems should be 10”7 instead of 107? -

Response: We have replaced “107” with “107”.

line 120-121: rewrite (parenthesis?) -
Response: We missed a right parenthesis. We have added it in the revised manuscript as below.

(i.e., In (r;+1) — In (r;) = const)

line 131-132: ¢™2 -

Response: We have replaced “e2” with “e””.

line 156: more comments on the cloud screening and quality control -
Response: The standard process of quality control in Skyrad.pack V4.2 and V5.0 applies a

retrieval error between observations and calculated theoretical values by using retrieval values,

Oobs

™ R, (0;
Oobs = We Zi(t;\‘}ﬁ - 1)2 + Wp ZiZj[ }\1( ])/Rgleas(gj) - 1]2

where (t3;°* and R}®*) and ( T, and R, ) are measured and retrieved observation vectors for the

AOD and relative sky radiance, Nj, N;j, and Ny = Ni+N;xN; indicate the number of measured
wavelengths, scattering angles, and their total, respectively, W= Wp = 1/Nyo. In V4.2, the data if the
value of o4y is larger than 0.2, but o, is set 0.07 as a threshold for data rejection in V5.0. There are
some other differences between V4.2 and V5.0 on the issue of quality control of observation data and
cloud screening (Hashimoto et al., 2012).

We have added the above comments in the revised manuscript.



line 173: it is important to highlight the fact that the unrealistic coarse mode in v4.2 is removed -
Response: The unrealistic coarse mode in v4.2 is removed in V5.0 by the constraint of a reduced
SDF for particles with radius greater than 10 um. Some tests by Hashimoto et al showed that the
SDF setting in V5.0 was useful for detecting ill-conditioned data caused by cirrus contaminations,
horizontally and/or temporally inhomogeneous aerosol stratification, and so on (Hashimoto et al.,
2012).

We have added the above comments in the revised manuscript.

line 244: The AOD is -

Response: We have replaced “was” with “is”.

line 289-291: three significant digits is enough for the refractive index (1.45 etc)
Response: Following the reviewer’s suggestion, the numbers referred to the real part of the

refractive index in the revise manuscript have been changed to be with three significant digits.
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