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ABSTRACT

Four precipitation observational networks with varied station densities are maintained in China. They are:
the Global Climate Observation System (GCOS) Surface Network (GSN), the national Reference Climate
Network (RCN), the national Basic Meteorological Network (BMN), and the national Ordinary Meteorolog-
ical Network (OMN). The GSN, RCN, BMN, and the merged network of RCN and BMN (R&B) have been
widely used in climatology and climate change studies. In this paper, the impact of the usage of different
networks on the precipitation climatology of China is evaluated by using the merged dataset of All Station
Network (ASN) as a benchmark. The results show that all networks can capture the main features of the
country average precipitation and its changing trends. The differences of average annual precipitation of the
various networks from that of the ASN are less than 50 mm (< 10%). All networks can successfully detect
the rising trend of the average annual precipitation during 1961-2009, with the R&B exhibiting the best
representativeness (only 2.90% relative difference) and the GSN the poorest (39.77%). As to the change
trends of country average monthly precipitation, the networks can be ranked in descending order as R&B
(1.27%), RCN (2.35%), BMN (4.17%), and GSN (7.46%), and larger relative differences appear from August
to November. The networks produce quite consistent spatial patterns of annual precipitation change trends,
and all show an increasing trend of precipitation in Northwest and Southeast China, and a decreasing trend
in North China, Northeast China, and parts of central China. However, the representativeness of the BMN
and R&B are better in annual and seasonal precipitation trends, in spite of the fact that they are still far
from satisfactory. The relative differences of trends in some months and regions even reach more than 50%.
The results also show that the representativeness of the RCN for country average precipitation is higher
than that of the BMN because the RCN has a more homogeneous distribution of stations.
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In mainland China, a surface observational sys-
tem consisting of different station networks with varied
station densities and observation standards has been
established to monitor the weather and climate varia-
tions (Zhang and Xu, 2008). The system includes the
Global Climate Observation System (GCOS) Surface
Network (GSN), the national Reference Climate Net-
work (RCN), the national Basic Meteorological Net-
work (BMN), and the national Ordinary Meteorologi-

cal Network (OMN). Operation of the meteorological
observation networks has laid a solid foundation for
weather forecast and climatology studies, and some
networks are being used for the monitoring and stud-
ies of regional climate change.

However, the observational networks under oper-
ation were mostly initiated without taking full consid-
eration of the need to accurately monitor long-term
climate change. In addition to the observational stan-
dards related to instruments and micro-environmental

conditions, which can significantly affect the accuracy
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and reliability of the long-term climate data (Karl et
al., 1988; Zhou et al., 2004; Ren et al., 2008; Zhang
et al., 2010), the density and the spatial deployment
of observational stations also matter for regional and
global climate change monitoring (Karl et al., 1995;
Jones and Moberg, 2003). Zhao et al. (2007) and Ren
et al. (2012) showed that the climate monitoring with
different objectives requires significantly different ob-
servational density for the same region. It is obvious
that some of the currently operated observational net-
works may deliver biased monitoring results for key
climatic variables including precipitation.

Relevant studies on the representativeness of pre-
cipitation observational networks in China are rare.
Previous analyses on the representativeness of vari-
ous levels of precipitation station networks in regions
other than mainland China suggest that not all the
station networks can capture the real climatological
and climatic change information (Hubbard, 1994; De-
Gaetano, 2001; Janis et al., 2002, 2004; von Storch
and Zwiers, 1999). For example, Hubbard (1994) in-
dicated that one station for every 60 km could rep-
resent 90% of the spatial variation of diurnal tem-
perature variability in flat regions, but for precipita-
tion, a higher observation density of 5 km was needed.
DeGaetano (2001) analyzed the seasonal precipitation
from 814 stations in the US Historical Climate Net-
work and found that the statistics from a minimum of
321 stations could represent the whole spatial distri-
bution of seasonal precipitation variability in the US.
As for the US Climate Reference Network (CRN), Ja-
nis et al. (2002, 2004) found that 250 stations, i.e.,
one station for every 180 km, could meet the needs
for monitoring regional climate change in the country.
Hu et al. (2012) applied the US station density strat-
egy to mainland China, and recommended a proper
layout of the national reference climate network. Vose
and Menne (2004) investigated the influence of station
density on climate change monitoring in the US.

There are 33 GSN stations, 143 RCN stations,
682 BMN stations, and 1592 OMN stations in China.
It is important to understand the difference between
different observation networks and to which degree the
choice of dataset can affect the regional climate change

monitoring and detection in mainland China.
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In this paper, a statistical analysis based on data
from the current observation networks is conducted so
as to compare the results from different observational
networks in documenting climatological characteristics
of precipitation and monitoring precipitation change.
A merged dataset of all station networks is used as
a benchmark for the comparison. The results of the
analysis will be useful for choice of datasets in pre-
cipitation studies and for the design and management
of the national and regional climate observational sys-

tems.
2. Data and methods

At present, there is no consensus about the suit-
ability of precipitation data of various meteorological
station networks for studies of regional climatology
and climate change. It generally holds that the denser
the station network, the more reliable the monitor-
ing result, given that the data quality maintains high.
Therefore, a monthly precipitation dataset with pre-
liminary quality control and with data from all kinds
of China meteorological stations is considered as most
reliable, and it is used as the reference for comparison
with the datasets of component meteorological station
networks in the study region.

The monthly data from the stations with no miss-
ing records during the reference period 1971-2000 and
with the missing records of no more than 10 yr during
the whole analysis period 1961-2009 are chosen in this
study. Altogether, there are 2070 stations from the
four observational station networks. These are here-
after referred to as the All Station Network (ASN).
The ASN comprises 131 RCN stations, 628 BMN sta-
tions, 1311 OMN stations, and 32 GSN stations. A
merged dataset of 740 stations from both the RCN
and BMN is referred to as R&B for short and consid-
ered as a separate observational network in this paper.
The distributions of stations of all the observational
networks are shown in Fig. 1. Taiwan Region is not
included in this study due to the unavailability of ob-
servational data.

Janis et al. (2002, 2004) reported that one station
every 180 km can meet the need to monitor long-term
temperature and precipitation changes in the US. Con-
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Fig. 1. Distributions of various observation networks used in this study. (a) GSN, (b) RCN, (¢) BMN, and (d) OMN.

sidering the good similarity of geographical and cli-
matic characteristics between the US and China, the
requirement for station density for monitoring climate
change in the US might be also applicable in China to a
certain extent. Figure 2 shows the distribution of ASN
station density (number of stations) for each latitude-
longitude grid of 2.5°x2.5°. The ASN station den-
sity is much higher in eastern China. Most 2.5°x2.5°
grids in western China have also enough data. About
1/6 of the grids are not covered by observational data
and they are mainly located in central to northern Ti-
betan Plateau and central to eastern parts of the Takli-
makan Desert. A division of 5°x5° latitude-longitude
grids can guarantee that there is at least one station
in each of all the complete grids over mainland China
(Fig. 2).

It is understandable that daily station precipita-

tion data represent a relatively small spatial coverage.
For monthly and annual precipitation data, however,
the values of precipitation average and variance at ad-
jacent stations within a given distance would be more

similar. In addition, the long-term change and variab-
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Fig. 2. Distribution of the ASN station density (number
of stations) for each 2.5°%2.5° grid box.
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ility are not so sensitive to the terrain as average.
It is thus reasonable to assume that the ASN data
can satisfy the demand when monitoring monthly, sea-
sonal, and annual climate change and climate variabil-
ity. Therefore, in this paper, we assume that the ob-
servation data series of the ASN could best represent
climatological characteristics and long-term trends of
annual and seasonal precipitation in every region of
China. The ASN data and their averages at any grid
are taken as benchmark or reference data for compar-
ison with other observation networks.

Subtraction of the ASN data series from the other
network data series (absolute difference) and the per-
centage ratio of the difference to the ASN value (rel-
ative difference) are used to assess the deviation of
the network from the reference records, and they are
marked as ad;; and rd;;, respectively. The average of
the monthly absolute values of rd are obtained and
called comprehensive difference (cd;). Variables ad,;,
rd;;, and cd; are calculated for monthly and annual
precipitation to characterize the impacts of different
network densities and spatial distributions on the es-
timates of region-averaged precipitation amounts and
precipitation trends.

adij = Pij — Pasj, (1)

rdy; = ladij/Pasn;| x 100%, (2)
12

ed; = Zrdij/m, (3)
j=1

where ad;; is the absolute difference between station
network ¢ and the ASN in month j, P;; is the pre-
cipitation (monthly mean value or linear trend) for
station network ¢ in month j, Pagn; is the precipita-
tion (monthly mean value or linear trend) for ASN in
month 7, rd;; is the relative difference between station
network ¢ and ASN in month j, and cd; is the compre-
hensive difference between station network 7 and ASN.

The various observational networks all exhibit a
higher density and a more homogeneous pattern in
eastern China, but the station density is not so good in
the west, especially over central and western Qinghai-
Tibetan Plateau in 30°-37°N, 80°—95°E. A large sta-
tion gap in western China can be seen for OMN, and
this is the reason why OMN will not be taken as an

independent network for the comparison.
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There is an obviously varied precipitation distri-
bution in China. To minimize the impact of spatial
difference of precipitation on the analysis results, the
precipitation anomaly percentage is used to reflect the
relative change of precipitation. The reference period
for the calculation of precipitation anomaly percentage
is 1971-2000. For climatological analysis, the grid-
and country-averaged annual and monthly precipita-
tion amounts are calculated and compared for different
observational networks.

The uneven distributions of stations can also exert
an impact on the analysis results. The study domain
is divided into 5°x5° grids, and the grid- and country-
averaged precipitation amounts and anomaly percent-
ages are obtained. Firstly, arithmetic averages of pre-
cipitation and anomaly percentages are calculated for
each month of 1961-2009 at each grid, with 1971-2000
as the reference period. Then, the area-weighted av-
erage of the grid values is calculated to obtain the
country-averaged precipitation amount and precipita-
tion anomaly percentage for each month (Jones and
Moberg, 2003).

It is better to use the grids on a resolution finer
than 5°x5° latitude and longitude in the calculation
of regional averaged precipitation. Due to the low-
density of the GCOS, however, latitude and longitude
grids of smaller scales would leave too many blanks.
Therefore, the 5°x5° horizontal grid points are se-
lected uniformly throughout this study.

3. Results

3.1 Average annual and monthly precipitation

The time series of average annual precipitation
of mainland China from 1961 to 2009 calculated from
different observational networks are shown in Fig. 3.
The largest annual precipitation is from the GSN, fol-
lowed by the BMN and RCN. The smallest absolute
difference of the annual precipitation from the refer-
ence station network is found with the R&B, which is
only 4.3 mm, followed by those from RCN (11.8 mm)
and BMN (21.2 mm). The largest absolute difference
of 40.9 mm is seen with the GSN. The relative differ-
ences of the country-averaged annual precipitation for
the R&B, RCN, BMN, and GSN are -0.63%, 1.71%,
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Fig. 3. Time series of mainland China average annual precipitation from various observation networks during 1961-2009.

3.08%, and 5.95%, respectively, with none exceeding
10%, indicating that the deviations of the R&B, RCN,
BMN, and GSN from the reference network are small
(Table 1).

Table 1. Country-averaged annual and monthly pre-

cipitation (mm) from various observation networks in

China (1961-2009)

Absolute difference (mm)

ASN  R&B  BMN RCN GSN
Jan 13.47  13.39  13.96 14.04  14.95
Feb 18.16 17.94 18.95 18.25 20.43 12 3 45 f/[ tzl § 9 10 11 12
Mar 20.35 2932 30.97 2056  31.91 o
Apr 48.13 47.41 49.93 47.97 53.71 Fig. 4. Absolute differences of monthly precipitation
M 4.74 4. ) 84 ) : ) .
p i 1(7)5 ;0 1(7)4 22 1(7); 3; 1(7)2 26 1?2 Z; (mm) of various observational networks from the ASN in
un . . . . .
Jul 123.65 121.92 12470 12547 13237 mainland China (1961-2009).
Aug 116.30  113.97  116.16  118.32  122.96 s
Sep 77.46  77.06  80.06  79.11  76.33 B R&B
Oct 46.25 47.70 50.60 47.03 43.54 : EI\C’IE
Nov 23.07  23.65 2472 2442  23.84 107
Dec 12.55 12.65 13.18  13.23 13.22
Annual  687.68  683.39  708.87  699.47  728.60

With regard to the monthly precipitation, the ab-
solute differences range from —4 to 10 mm. The GSN
witnesses the largest differences from the ASN, espe-

cially during summer months, reaching 6-9 mm in May

differences of monthly precipitation for the networks.

Relative difference (%)

o 1 2 3 4 5 6 7 8 9 10 11 12
to August, and the R&B exhibits the smallest abso- Month

lute differences (Fig. 4). Figure 5 shows the relative

Fig. 5. As in Fig. 4, but for relative differences.



NO.4

It is clear that the monthly relative differences of the
R&B are all less than 5%, and those of the RCN and
BMN are all less than 10%. However, the relative dif-
ferences of the GSN for January, February, and April
are well above 10% (Fig. 5).

The R&B has the smallest comprehensive differ-
ence of 1.27%, followed by the RCN (2.35%) and BMN
(4.17%). It is notable that the deviation of the RCN is
smaller than that of the BMN, implying that the sta-
tion density of an observational network might have
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not been the dominant factor for accurate monitoring
of regional precipitation. The balance between mon-
itoring capability and constructing/maintaining costs
of a specific network needs to be further investigated.
However, the above result shows that the density and
distribution of a network like the RCN, which has a
higher capability and a more reasonable cost, are bet-
ter than the BMN for estimating regional average pre-
cipitation.

Figure 6 shows the distributions of annual total

800 to 1000

1000 to 1200

1200 to 2000

Fig. 6. Distributions of annual total precipitation (mm) from various observation networks (1961-2009). (a) GSN, (b)

RCN, (c) BMN, (d) R&B, and (e) ASN.
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precipitation from various station networks for the pe-
riod 1961-2009. The spatial features from all the net-
works bear a similar and consistent pattern, and all
of the networks are able to reflect the gradual in-
crease of precipitation from Northwest to Southeast
China. The highest similarity to the ASN seems from
the R&B. However, the annual precipitation in spe-
cific grid boxes exhibits larger differences among the
networks.

Figure 7 shows the relative differences of the net-
works from the ASN at each grid box. The absolute
values of the relative differences obtained from RCN,
BMN, and R&B are generally less than 10% except
for Northwest China for all of the three networks and
for central Inner Mongolia from the BMN, where more
than 10% absolute differences are produced. The an-

nual precipitation amounts estimated from the BMN,

VOL.26

the RCN, and the R&B in northwestern China are
usually less than those from the ASN, mostly less than
-10%, indicating relatively poor representativeness of
the three networks. The underestimated values are
mainly located around 45°N, corresponding to the lo-
cation of the Tianshan Mountain. The lower station
density and the highly varied landforms in the area
might be the factors for the poor representativeness of
the networks.

For the regions south of the Yangtze River, the
situation is much better, with absolute values of the
relative differences all below 10%, indicating that the
networks can well record the “real” annual precipita-
tion, and each of them except the GSN, which was
established for global-scale research and monitoring
(Gandin, 1970), can be confidently used for climato-

logical research of regional precipitation. The GSN
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Fig. 7. Distributions of the differences of annual precipitation (%) of various networks relative to the reference network.

(a) GSN, (b) RCN, (c) BMN, and (d) R&B.
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presents a similar pattern of the relative differences
to that of the BMN except that there are more blank
boxes.

3.2 Trend of precipitation

Figure 8 gives the time series of the annual pre-
cipitation anomaly percentage of mainland China for
various networks during 1961-2009. The time series
curves are very close to each other, and the correla-
tion coefficients among them all pass the significance
test at the 0.01 confidence level. There are some differ-
ences, however, especially between the GSN and other
networks, with the former showing a larger annual
variability due to the much smaller number of sta-
tions. Increasing trends in the precipitation anomaly
percentage series can be seen for all of the networks, in
spite of the fact that the increasing rates are somehow
different. The GSN witnesses the largest rising trend,
and the BMN exhibits the smallest increase.

The time series of the R&B bears the best sim-
ilarity to that of the ASN in terms of linear trends
of annual precipitation, with a negligible relative dif-
ference of —0.04% per decade, or about —2.74% of the
ASN trend (Table 2 and Fig. 9). The trend differ-
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ences of the RCN, BMN, and GSN relative to the ASN
are —0.40%, —0.33%, and 0.58% per decade, respec-
tively. The relative differences, however, are large,
reaching —22.60%, —27.40%, and 40.41% respectively
for the BMN, RCN, and GSN. Meanwhile, the trends
for the BMN and RCN do not pass the significance
test. Therefore, only the R&B dataset can reliably
capture the change trends of annual and monthly pre-
cipitation in regions like mainland China. This shows
that the linear trends of annual precipitation are more
sensitive than the regional average annual total pre-
cipitation to the datasets used. The density and dis-
tribution of observation stations might have been im-
portant in this regard.

The estimated linear trends of monthly precipita-
tion anomaly percentage series from 1961 to 2009 show
that, for the series of all the networks except the GSN,
the rising trends of the monthly precipitation anomaly
percentage in January, March, May, and December are
consistently more significant, while the small negative
trends are registered for August for the BMN and for
November for the RCN (Table 2).

Figure 9 shows the absolute differences of the lin-

ear trends of annual and monthly precipitation ano-
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Fig. 8. Country-averaged annual precipitation anomaly percentages of mainland China for the various observation

networks during 1961-2009.
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Fig. 9. Absolute differences of linear trends (% (10 yr)™!) of monthly and annual precipitation anomaly percentages of

various observation networks in mainland China for the period 1961-2009 (AD denotes absolute difference).

Table 2. Linear trends (% (10 yr)~!) of annual and
monthly precipitation anomaly percentages of various

observation networks in mainland China for the period

1961-2009

ASN R&B BMN RCN GSN
Jan 11.28**  10.82**  11.14* 7.20 8.98*
Feb 4.04 3.81 6.24* 0.03 3.39
Mar 7.67* 7.41* 7.11* 5.65 7.26*
Apr 3.12 2.85 2.22 1.15 0.96
May 4.99* 4.9* 3.12 4.77* 4.34
Jun 2.24 2.35 1.95 1.91 2.71
Jul 1.65 1.43 1.43 1.10 3.34*
Aug 0.37 0.26 -0.33 0.79 2.46
Sep 1.56 1.25 0.70 0.10 0.10
Oct 1.56 1.79 1.97 0.00 -2.72
Nov 3.66 2.10 3.82 -0.25 4.07
Dec 8.56* 8.67* 8.89* 6.27 6.43
Annual 1.46* 1.42* 1.13 1.06 2.05*

** Significant at the 0.01 confidence level by t-test;
* Significant at the 0.05 confidence level by t-test.

maly percentage for the various networks compared to
those for the ASN during 1961-2009. Figure 9 also
gives the linear trends of monthly and annual precipi-
tation of the ASN and the 10% level of the trends. The
smallest absolute differences are found for the R&B,
with all the months except November below 1% per
decade. The BMN owns relatively small absolute dif-
ferences as well, and the GSN and RCN have larger ab-

solute differences in summer and winter respectively.

However, the absolute values of all the monthly rela-
tive differences from July to October are more than
10%.
age of the ASN rises by 1.56% per decade in Octo-
ber, for example, but that of the GSN drops by 2.72%

per decade, and the absolute difference between them

The monthly precipitation anomaly percent-

reaches 4.28% per decade, two times higher than the
trend of the ASN. Also, the absolute difference of the
linear trend of February precipitation anomaly per-
centage for the BMN is 2.20% per decade, more than
half of the linear trend for the ASN.

In view of the comprehensive differences of linear
trends of annual precipitation, the R&B once again
owns the best representativeness, followed by the BMN
and the RCN, and the largest comprehensive difference
of linear trends of annual precipitation is registered for
the GSN, indicating that the GSN dataset is relatively
poor in monitoring regional average trends of annual
precipitation in mainland China.

Figure 10 shows the distributions of the linear
trends of annual precipitation anomaly percentages
from 1961 to 2009 for the various networks. It is ob-
vious that the spatial distributions all exhibit a pre-
viously recognized pattern of change trends of annual
precipitation, with increase in Northwest and South-
east China, and decrease in North China, southern

Northeast China, and central parts of the country
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Fig. 10. Linear trends of grid precipitation anomaly percentages (% (10 yr)™') of various observation networks from
1961 to 2009. Solid circles denote that the trends are significant at the 0.05 confidence level. (a) GSN, (b) RCN, (c)

BMN, (d) R&B, and (e) ASN.

(Ren et al., 2005). It seems that the networks are able
to capture better the spatial pattern of the precipi-
tation trends than their temporal changes. Of course,
there are considerable variations in magnitudes for cer-
tain grids among the networks. The R&B bears the
highest similarity to the ASN, with regard to the spa-

tial patterns of the precipitation trends. It is interest-
ing to note that the GSN also has a good similarity
to the ASN in the west in spite of more blank grids
there.

Figure 11 shows the distributions of the relative

differences of linear trends of grid precipitation ano-
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Fig. 11. Relative differences of linear trends of grid precipitation anomaly percentages (%) for various networks from
1961 to 2009. Grey diamonds denote the grids without data. (a) GSN, (b) RCN, (c) BMN, and (d) R&B.

maly percentages. The linear trends of annual pre-
cipitation for the various observational networks are
mostly smaller than those for the ASN, leading to neg-
ative relative differences for most grids. However, the
absolute differences and the relative differences obvi-
ously vary from region to region.

Most of the GSN grids with data have larger ab-
solute values of the relative differences, especially in
western China, indicating relatively low reliability for
the network to monitor precipitation trends of that re-
gion. The representativeness of the RCN is better in
Northwest China, but not so good in central North-
east China. For most of the networks, their consisten-
cies with the ASN are poor in South and Southwest
China. Although the best representativeness can be
found for the R&B, it is far from satisfactory in central
and eastern Northeast China, and in northern parts of
the middle reaches of the Yangtze River. Compared

to the distribution of the relative differences of annual
precipitation, the trend consistency of the networks
with the ASN in Northwest China seems better. It is
notable that the consistency of the networks with a low
station density is also better in Northwest China than
in South China, where the station density is higher.
This can be explained by the fact that a more signifi-
cant rising trend of precipitation occurs in Northwest
China during the last five decades, and the precipi-
tation trends during the same time period in South

China are more diverse in spatial distribution.

4. Conclusions and discussion

Generally, the higher the station density of an
observational network is, the higher the representa-
tiveness of the observation will be. Therefore, it was
assumed in this study that the ASN, composed of all
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network stations, could produce the most accurate es-
timates of precipitation climatology and precipitation
change, and it could be taken as a reference network.
Based on this assumption, we analyzed the consistency
of precipitation climatology and precipitation change
obtained using the data from different observational
networks in mainland China. The following conclu-
sions are drawn:

(1) Among the observation networks used for
studies of precipitation climatology and climate
change in mainland China, there are some differences
in their representativeness for the country-averaged
annual precipitation, but the relative differences are
below 10%. The spatial distributions of annual precip-
itation for different networks are considerably consis-
tent, characterized by a gradual increase from North-
west to Southeast China. The observation represen-
tativeness is poor in Northwest China and central In-
ner Mongolia, and is better in the region south of the
Yangtze River.

(2) Observation networks at all levels could suc-
cessfully detect the rising trend of annual precipitation
in mainland China as a whole during 1961-2009, with
the R&B (ad: —0.04% per decade; rd: —2.74%) being
the closest to the ASN, and the GSN (ad: 0.58% per
decade; rd: 40.41%) the most deviated. The trend
differences of monthly precipitation from the ASN in-
dicate a better capacity of the RCN than that of the
BMN. In view of the representativeness for country-
averaged monthly precipitation trends, the observa-
tional networks can be ranked as the R&B (rd: 1.27%),
the RCN (rd: 2.35%), the BMN (rd: 4.17%), and the
GSN (rd: 7.46%), in descending order.

(3) The observation networks produce quite con-
sistent spatial patterns of linear trends of annual pre-
cipitation. They all show a general pattern of increas-
ing trends in Northwest and Southeast China, and de-
creasing trends in North, Northeast, and parts of cen-
tral China.

(4) In view of the linear trend patterns and their
similarity to the ASN, the BMN and R&B are bet-
ter, though they are still unsatisfactory in central and
eastern Northeast China, and in parts of Southeast
China. The relative differences of GSN and RCN ex-
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ceed 10% at all grids, so the representativeness of the
GSN and RCN are not satisfactory in mainland China
as a whole.

It was also found that higher station density does
not always lead to more satisfactory estimates of re-
gion average precipitation and precipitation change.
For example, in some areas of Northwest and central
China, the RCN data could meet the requirement for
the analysis of annual precipitation change; so in this
case, it is unnecessary to use the observational net-
works with denser stations like the BMN or R&B.
In the construction and management of the regional
climate observational networks, and in the studies of
regional precipitation, the cost-benefit should be con-
sidered in order to adopt the most appropriate dataset
from the observational networks with higher represen-
tativeness and availability, and lower station density.

One of the reasons for the higher sensitivity of the
analysis results to choices of the networks lies in the
fact that the station distributions of certain observa-
tional networks are spatially uneven. This might have
been especially true for the estimate of the regional
average annual total precipitation or monthly total
precipitation when a larger-size grid is chosen. It is
thus understandable why the observation representa-
tiveness of the country average precipitation by using
the RCN data is higher than that by using the BMN
data. A relatively more homogeneous distribution of
stations is guaranteed in the former case. Therefore,
caution should be kept in mind when applying the gen-
eral principle that higher station density will lead to
better estimates of regional average precipitation and
precipitation change.

Compared to the regional average precipitation
amount and precipitation trends, the estimates of fre-
quency and magnitude of extreme precipitation events
would be more sensitive to the density and distribu-
tion of stations. The ASN as applied in this study
cannot satisfy the need for monitoring daily precip-
itation change and variability, and the capability of
the current observational networks in capturing the
extreme precipitation events and their trends should
be evaluated independently.
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