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ABSTRACT

Using  rain-gauge-observation  daily  precipitation  data  from the  Global  Historical  Climatology  Network  (V3.25)  and
the  Chinese  Surface  Daily  Climate  Dataset  (V3.0),  this  study  investigates  the  fidelity  of  the  AHPRODITE  dataset  in
representing extreme precipitation, in terms of the extreme precipitation threshold value, occurrence number, probability of
detection,  and  extremal  dependence  index  during  the  cool  (October  to  April)  and  warm  (May  to  September)  seasons  in
Central  Asia  during  1961–90.  The  distribution  of  extreme  precipitation  is  characterized  by  large  extreme  precipitation
threshold values and high occurrence numbers over the mountainous areas. The APHRODITE dataset is highly correlated
with  the  gauge-observation  precipitation  data  and  can  reproduce  the  spatial  distributions  of  the  extreme  precipitation
threshold value and total  occurrence number.  However,  APHRODITE generally underestimates the extreme precipitation
threshold values, while it overestimates the total numbers of extreme precipitation events, particularly over the mountainous
areas. These biases can be attributed to the overestimation of light rainfall and the underestimation of heavy rainfall induced
by the rainfall  distribution–based interpolation. Such deficits are more evident for the warm season than the cool season,
and  thus  the  biases  are  more  pronounced  in  the  warm  season  than  in  the  cool  season.  The  probability  of  detection  and
extremal dependence index reveal that APHRODITE has a good capability of detecting extreme precipitation, particularly
in the cool season.
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Article Highlights:

•  APHRODITE can  reproduce  the  spatial  distributions  of  the  extreme precipitation  threshold  value  and  total  occurrence
number.

•  APHRODITE  underestimates  the  extreme  precipitation  threshold  values  and  overestimates  the  total  numbers  of  the
extreme precipitation.

•  The warm season features a stronger shift of the precipitation distribution “spectrum” to smaller amplitudes, resulting in
higher biases than in the cool season.

 

 
 

1.    Introduction

Human-induced climate change has increased the occur-
rence  and  intensity  of  extreme  weather  and  climate  events
that cause huge losses to human society and natural ecosys-
tems  (Trenberth  et  al.,  2015).  The  arid  and  semi-arid
regions—which  are  characterized  by  rare  precipitation,
strong evaporation and fragile natural ecosystems—are experi-
encing more drastic climate change compared with global cli-

mate  change  (Hulme,  1996; Lioubimtseva  and  Henebry,
2009; Chen et al., 2013). A flurry of new studies has shown
a  statistically  significant  warming  trend  of  0.6°C  (10  yr)−1

for  the  arid  region  in  northwestern  China  since  the  begin-
ning  of  the  21st  century,  which  is  nearly  five  times  the
global  warming trend of  0.13°C (10 yr)−1 (Wei and Wang,
2013; Hu  et  al.,  2014).  Furthermore,  this  evident  warming
trend  is  accompanied  by  increased  precipitation  and
extreme  rainfall  events  over  the  arid  and  semi-arid  areas
(Chaney  et  al.,  2014; Donat  et  al.,  2016; Song  and  Bai,
2016; Xie et al., 2018).

Central Asia extends from the Caspian Sea in the west
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to northwestern China, and includes two of the world’s nine
arid and semi-arid regions (Hulme, 1996). Hu et al.  (2017)
and Chen  et  al.  (2018) found  that  precipitation  exhibits  an
increasing trend over Xinjiang, but a decreasing trend over
five  states  in  Central  Asia.  Extreme  precipitation  accounts
for 41.9% of the annual precipitation in the Tianshan Moun-
tains  (Yang,  2003)  and  is  therefore  one  of  the  key  factors
affecting  the  security  of  water  resources  (Eekhout  et  al.,
2018)  and  the  stability  of  fragile  ecosystems (Holmgren  et
al., 2006; Pueppke et al., 2018) in Central Asia. Zhang et al.
(2017) found that the frequency and intensity of extreme pre-
cipitation  increased  significantly  during  1938–2005  over
Central  Asia.  Extreme  precipitation  in  Xinjiang  has  also
shown a significant  increasing trend in both frequency and
intensity  (Yang,  2003; Li  et  al.,  2015; Qi  et  al.,  2015).
Owing to the increasing trend of  extreme precipitation and
its dominant contribution to annual precipitation, it is import-
ant to systematically investigate the daily extreme precipita-
tion over Central Asia, including Xinjiang.

Given  that  Central  Asia  features  complex  topography
and  a  predominant  rainfall  distribution  over  the  mountains
(Hu et al.,  2016; Guo et al.,  2017), high-resolution gridded
data or  a  large number of  gauge-observation data is  neces-
sary to delineate extreme precipitation properties over Cent-
ral  Asia.  However,  the  gauge-observation  daily  precipita-
tion data from meteorological stations of the Global Histor-
ical  Climatology  Network—Daily  (GHCN-D)  are  sparse
and  have  declined  substantially  since  1991  over  Central
Asia  due  to  the  collapse  of  the  Soviet  Union  (Hu  et  al.,
2016; Zhang et al., 2017). The Asian Precipitation—Highly
Resolved  Observational  Data  Integration  Towards  Evalu-
ation of Water Resources (APHRODITE) precipitation data-
set is the only long-term (1950–2015) daily gridded precipita-
tion dataset for Eurasia, and is interpolated from gauge-obser-
vation data (Yatagai et al., 2012). Although the faithfulness
of APHRODITE precipitation data has been noted for differ-
ent regions of the world, these studies were primarily based

on monthly mean (Yatagai et al., 2012) or index-based (Vil-
lafuerte II and Matsumoto, 2015; Singh and Qin, 2019) com-
parisons, or the frequency of fixed precipitation values (Han
and Zhou, 2012; He et al., 2019). Here, we assess the daily
extreme  precipitation  from  the  APHRODITE  dataset  with
gauge-observation data for the period 1960–90. Since APH-
RODITE  incorporates  most  gauge-observation  data,  it  is
hard to find independent gauge-observation data. Therefore,
this study is an analysis of the assimilation technique rather
than a validation of the APHRODITE dataset relative to an
independent ground truth. We hope the findings can provide
some clues for the improvement of algorithms and some help-
ful information for scientists.

Previous  studies  have  mainly  focused  on  the  faithful-
ness of gridded data in terms of error indices and precipita-
tion hit bias. This study aims to evaluate daily extreme precip-
itation  from  the  APHRODITE  dataset  over  Central  Asia,
including  Xinjiang,  over  the  30-year  base  period  of
1961–90  in  terms  of  the  extreme  precipitation  threshold
value  and  total  number  of  extreme  precipitation  events.
Their differences are explained on the basis of precipitation
error.  The  overall  performance  of  APHRODITE  for
extreme  precipitation  is  given  by  the  probability  of  detec-
tion (POD) and the extremal dependence index (EDI) (Ferro
and Stephenson, 2011).

The remainder of this paper is organized as follows: Sec-
tion  2  describes  the  data  and  analysis  methods.  Section  3
reports  the  results.  Section  4  provides  a  discussion,  fol-
lowed by a summary of the results in section 5.

2.    Data and methods

2.1.    Study area

Figure 1 shows the location of the study area of Cent-
ral Asia with topographic features and the distribution of the
meteorological  stations.  In  this  study,  Central  Asia  encom-

 

 

Fig. 1.  Topographic features and the distribution of meteorological stations in Central Asia.
Colored  shading  indicates  the  topography  (unit:  m).  Blue  lines  indicate  the  major  rivers.
KAZ,  Kazakhstan;  TAD,  Tajikistan;  TUR,  Turkmenistan;  KYR,  Kyrgyzstan;  UZB,
Uzbekistan; Xinjiang, Xinjiang Uygur Autonomous Region of China.
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passes  five  countries—namely,  Kazakhstan,  Kyrgyzstan,
Tajikistan,  Turkmenistan  and  Uzbekistan—as  well  as
the Xinjiang Uygur Autonomous Region  in  northwestern
China.  Central  Asia  is  geographically  high  in  the  east  and
low  in  the  west.  The  topography  mainly  includes  deserts,
plains,  hills  and  mountains.  The  average  altitude  of  the
Pamirs  Plateau  and  Tianshan  Mountains  is  above  4000  m.
Three  major  rivers—the  Syr  Darya,  Amu  Darya  and  Ili
rivers—originate  from  the  mountainous  regions  and  flow
into the lowlands and basins in the west. The climate of Cent-
ral Asia is characterized by typical continental climate with
annual  precipitation  ranging  from  700  to  1200  mm  in  the
mountainous  areas,  and  semi-arid  and  desert  climates  with
annual  precipitation  of  about  150  mm in  the  lowlands  and
basins (Beck et al., 2018).

2.2.    Data

2.2.1.    Gauge-observation precipitation datasets

The  observed  precipitation  data  come  from  two  rain-
gauge-observation datasets: GHCN-D, version 3.25, and the
Chinese  Surface  Daily  Climate  Dataset,  version  3.0.
GHCN-D  is  an  integrated  database  of  daily  climate  vari-
ables  summarized  from  ground  stations  across  the  globe,
and contains records from over 100 000 stations in 180 coun-
tries  and  regions.  The  data  undergo  a  series  of  quality
checks before they are collected into the GHCN-D database.
However, the GHCN-D dataset includes only 18 meteorolo-
gical stations in Xinjiang, which is less than the number of
Chinese  national  meteorological  stations.  To  incorporate
more  meteorological  stations,  we  adopt  daily  precipitation
data  from the  Chinese  Surface  Daily  Climate  Dataset,  ver-
sion  3.0,  provided  by  the  China  Meteorological  Data  Ser-
vice  Center  (CMDC)  (https://data.cma.cn/en/).  After  strict
quality control by manually rechecking and rectifying all sus-
picious and incorrect data, this dataset is homogeneous and
reliable with a correct data rate close to 100%.

Given the  lack  of  gauge-observation  precipitation  data
over Central Asia since 1991, we focus on the period from 1
January 1961 to 31 December 1990. Furthermore, we chose
meteorological stations with data available for at least 90%
of the total  number of  days during 1961–90.  With this  cri-
terion,  we  obtained  a  total  of  253  meteorological  stations
within the five countries from the GHCN-D dataset and 63
meteorological  stations  in  the  Xinjiang  region  from  the
CMDC  dataset  (Fig.  1). Figure  2 shows  the  percentage  of
the total number of days with available precipitation data in
each year  for  the  316 meteorological  stations.  The average
percentage of the total number of days with available precipit-
ation data is 97.3%. Station No. 51053 and above have a cor-
rect data rate of nearly 100%.

2.2.2.    Gridded precipitation dataset

The  APHRODITE  project  aims  to  provide  long-term,
high-resolution daily  gridded precipitation and temperature
datasets over Asia. The gridded precipitation dataset is inter-
polated  from  Global  Telecommunication  System  (GTS)-

based  data  from  gauge  observations,  data  precompiled  by
other projects or organizations, such as other national hydrolo-
gical and meteorological services, and data from individual
collections.  The  interpolation  of  gauge-observation  data  to
gridded data is applied to the ratio of daily precipitation to
daily climatology using a Spheremap-type scheme, which con-
siders daily-variation weighting based on the rainfall distribu-
tion.  Considering  the  current  study  period  of  1961–90,  we
use  the  gridded  daily  precipitation  over  Russia/northern
Eurasia  (APHRO_RU_V1101)  from  APHRODITE.  The
APHRO_RU_V1101  daily  precipitation  dataset  is  on  a
0.25°  ×  0.25°  latitude–longitude  grid  and  covers  northern
Eurasia for the period 1951–2007. We also use the ratio of
0.05° grid boxes containing stations provided by this dataset.

Compared with the GTS analysis and the Global Precipit-
ation Climatology Centre (GPCC) full archive product, ver-
sion 4 (Schneider et al., 2008), the APHRODITE precipita-
tion data are more accurate over Central Asia and the moun-
tainous  areas,  as  the  dataset  uses  more  gauge-observation
data.  Furthermore,  a  considerable  number  of  studies  have
used APHRODITE as a reference dataset for comparison or
modeling.  Readers  are  referred to Yatagai  et  al.  (2012) for
more information.

2.3.    Methods

2.3.1.    Definition of extreme precipitation

Given the relatively large spatial variation of precipita-
tion  over  Central  Asia,  we  adopt  percentile-based  values
rather than fixed absolute values to define the extreme precip-
itation threshold value for each station or grid point. In addi-
tion,  considering  the  differences  in  the  general  circulation
and precipitation phase between summer and winter, we separ-
ate  each  year  into  the  boreal  cool  (October  to  April)  and
warm  (May  to  September)  seasons.  The  percentile-based
extreme  precipitation  threshold  value  for  each  station  or
grid point is defined based on the following procedure:

X1,X2, . . . ,Xq, . . . ,Xn

(1) Daily precipitation data of 1.0 mm or more are sor-
ted  in  ascending  order  ( )  for  each  sta-

 

Fig.  2.  Percentage  of  total  number  of  days  with  available
precipitation  data  in  each  year  for  316  gauge-observation
stations in Central Asia over 1961–90.
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tion  or  grid  point  during  the  warm  or  cool  seasons  over
1961–90.

q(2) The value corresponding to the percentile  is determ-
ined by: 

Xq = Xi+ r (Xi+1−Xi) , (1)

where 

i = floor
(
q
(
n+

1
3

)
+

1
3

)
, (2)

 

r = q (n+1)−floor(q (n+1)) , (3)

n
floor(Y)

in which  is the total number of days with precipitation of
1.0 mm or more for each station or grid point, and 
is the largest integer less than or equal to Y. Compared with
other  quantile  definitions,  this  definition  is  a  median-
unbiased estimator regardless of the distribution (Hyndman
and Fan, 1996). Following Zhai and Pan (2003), the percent-
ile q chosen here is 95%. Extreme precipitation at a station
or grid point is identified if the daily precipitation is above
the  extreme  precipitation  threshold  value.  The  extreme
events  are  counted  for  each  day  and  each  gauge-observa-
tion station or grid point. Therefore, an extreme event refers
to a station or grid point and there could be several extreme
events on a single day.

Noting the complicated interpolation of APHRODITE,
we simply pick up the grid point nearest to the gauge-observa-
tion station to avoid additional bias induced by our interpola-
tion (Qi et al., 2015; Hu et al., 2018). The average distance
between each gauge-observation station and its nearest grid
point of APHRODITE is 9.1 km. For the extreme precipita-
tion to be more comparable between two datasets, daily pre-
cipitation of an APHRODITE grid point is removed if there
is a missing value in its nearest gauge-observation station.

Since this study evaluates the APHRODITE data accord-
ing  to  the  gauge-observation  data,  we  consider  the  grid
point  is  identical  to  its  nearest  gauge-observation  station
assuming  that  the  distance  between  them  could  be  negli-
gible for the extreme precipitation detection. Spatial distribu-
tions  are  generated  by  interpolating  the  gauge-observation
and the APHRODITE values into a 0.07 × 0.15 latitude/longit-
ude grid using the geographic information of the gauge-obser-
vation  station  regardless  of  the  APRHODITE  grid  point
information.  The  interpolation  method  used  here  is  radial
basis function interpolation (UCAR Unidata/MetPy: https://
unidata.github.io/MetPy/latest/examples/gridding/Point_Int
erpolation.html).  Similarly,  such  interpolation  is  applied  to
the biases between the gauge-observation values and the APH-
RODITE values, POD and EDI.

2.3.2.    Statistical evaluation metrics

To assess the extreme precipitation detection ability of
the APHRODITE dataset,  we use the POD and the EDI to
evaluate the fidelity of the APHRODITE dataset. The POD,
false detection ratio (FDR) and EDI are calculated based on

a contingency table, as shown in Table 1, and defined as: 

POD =
H

H+M
, (4)

 

FDR =
F

F +N
, (5)

 

EDI =
lnFDR− lnPOD
lnFDR+ lnPOD

, (6)

where the number of hits of extreme precipitation (H), miss-
ing  (M),  false  detections  (F)  and  correct  negatives  (N)  are
defined in Table 1.

The POD represents the ratio of the number of extreme
precipitation events detected correctly by the APHRODITE
dataset; the FDR denotes the proportion of extreme precipita-
tion events in which APHRODITE identifies extreme precipit-
ation  when  the  gauge-observation  station  does  not.  Com-
pared with the POD and FDR, the EDI is base-rate independ-
ent,  asymptotically  equitable  and  non-degenerating  (Ferro
and Stephenson, 2011). The POD and FDR range from 0 to
1, and the EDI falls between −1 and 1. For a perfect detec-
tion, the POD and EDI is 1, while the FDR is 0.

3.    Results

3.1.    Spatial distribution of extreme precipitation

In  order  to  describe  the  spatial  characteristics  of
extreme precipitation events, we compute probability dens-
ity function (PDF) distributions of extreme precipitation sta-
tion  numbers  on  each  day  for  the  cool  and  warm  seasons,
which are shown in Fig. 3. Daily extreme precipitation sta-
tion numbers are primarily between 1 and 3 (i.e., below 1%
of the total number of stations), with percentages of 59.16%
and  70.20%  for  the  cool  and  warm  seasons,  respectively.
The  result  suggests  that  the  extreme  precipitation  events
over Central Asia are mainly very localized. In comparison
with the cool season, the PDF distribution of the warm sea-
son shifts right substantially to the bins with small numbers
of  stations,  indicating  more  localized  extreme precipitation
events in the warm season.

Figure 4 shows the spatial distribution of extreme precip-
itation threshold values during the boreal cool and warm sea-
sons for the observations and the APHRODITE data. In gen-
eral,  the  maxima  of  extreme  precipitation  threshold  values
are distributed along the mountains in Central Asia in both

Table 1.   Contingency table of extreme precipitation detected by
the APHRODITE dataset.

Event observed Non-event observed Total

Detected H F H + F
Non-detected M N M + N

Total H + M F + N n
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the observations and the APHRODITE data. In the cool sea-
son,  the  amplitudes  of  extreme  precipitation  threshold  val-
ues are above 6 mm d−1 and reach up to 24 mm d−1 (Fig. 4a).
The maxima are situated to the north of the Plateau of Iran,
the  Hindu  Kush  Mountains,  Pamir,  the  western  Tianshan
Mountains, and Kazakhskiy Melkosopochnik. The spatial dis-
tribution  of  APHRODITE  basically  resembles  that  of  the

observations  but  with  smaller  threshold  values  (Fig.  4b).
Large  biases  of  APHRODITE with  respect  to  observations
mainly  occur  over  the  north  of  the  Plateau  of  Iran,  Kaza-
khskiy Melkosopochnik, and Xinjiang (Fig. 4c). In contrast,
the  warm  season  features  larger  extreme  precipitation
threshold  values  and  broader  maxima  areas  (Fig.  4d).  The
maximum  over  Pamir  extends  northwestward  to  the  Aral
Sea  and  additional  maxima  are  seen  over  the  east  to  the
Caspian Sea and the eastern Tianshan Mountains. Although
the  spatial  distribution  of  APHRODITE  concurs  with  the
observations,  the  negative  biases  in  the  warm  season  are
nearly double their cool season counterparts (Figs. 4e and f).
This  underestimation  of  daily  extreme  precipitation
threshold values agrees with the underestimation of monthly
and  annual  precipitation  of  the  GPCC,  Climate  Research
Unit, and Willmott and Matsuura datasets (Hu et al., 2018).
Unlike  the  monthly  and  annual  precipitation  biases,  which
are  the  largest  over  the  mountains,  the  biases  in  daily
extreme precipitation  threshold  values  are  smaller  over  the
mountains than the lowlands.

Figure 5 shows the spatial distribution of the total num-
bers  of  extreme  precipitation  events  during  the  cool  and
warm  seasons  over  1961–90  for  the  observations  and  the
APHRODITE data. Similar to the distribution of extreme pre-
cipitation  threshold  values,  extreme  precipitation  primarily
occurs  over  the  mountains.  In  contrast,  the  biases  mainly
occur  over  the  main  regions  of  extreme  precipitation.  The
cool  season  features  a  region  of  abnormally  high  numbers
of  extreme  precipitation  (up  to  121  days)  extending  from
the  north  of  the  Hindu  Kush  Mountains  via  Pamir  to  the
Altai  Mountains,  with  two low centers  to  its  east  and west

 

Fig. 3. PDF of extreme precipitation station Nos. on each day
for the (a) cool and (b) warm seasons.

 

 

Fig. 4. Spatial distribution of extreme precipitation threshold values (units: mm d−1) in the boreal cool season for (a)
observations and (b) APHRODITE, and (c) the bias between (b) and (a). (d–f) As in (a–c) but for the warm season.
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(Fig. 5a). In addition, moderately high numbers of extreme
precipitation  are  observed  over  Kazakhskiy  Melkosopoch-
nik and to the south of the Ural Mountains. The distribution
of total numbers of extreme precipitation in the APRHOD-
ITE data is consistent with the observations but with a lar-
ger  magnitude  (Fig.  5b).  The  overestimation  regions  coin-
cide  with  the  maxima  of  extreme  precipitation  occurrence
and  29.4%  of  the  total  number  of  grid  points  have  biases
above 5 days (Fig. 5c). In the warm season, the distribution
of  extreme  precipitation  occurrence  numbers  is  more
regional and more northward than the cool season counter-
parts  (Fig.  5d).  The  maxima  are  confined  to  the  Tianshan
Mountains and the northern border of Kazakhstan. Further-
more, there is a broader small number of extreme precipita-
tion over the Turan Plain. Although the distribution of APH-
RODITE  resembles  that  of  the  observations,  the  biases  in
the  warm  season  are  greater  than  those  in  the  cool  season
(Fig. 5f). The percentage of grid points with biases beyond
5 days increases to 38.6%.

Figure  6 shows  time  series  of  the  total  numbers  of
extreme precipitation events in each month derived from the
316  gauge-observation  stations  and  APHRODITE  grid
points  for  the  cool  and  warm  seasons.  The  time  series  of
APRHODITE  are  basically  consistent  with  those  of  gauge
observations, with correlation coefficients of 0.98 and 0.95
at  the  99.9%  confidence  level  for  the  cool  and  warm  sea-
sons, respectively. Considering the cool season, APHROD-
ITE tends to overestimate the large numbers of extreme pre-
cipitation  events,  but  underestimate  the  small  numbers  of
events (Fig. 6a). In contrast, the warm season features more
evident overpopulation of both the small and large numbers
of extreme precipitation events (Fig. 6b).

3.2.    Possible causes of the bias

p

To illustrate the potential causative factors of the afore-
mentioned lower threshold values and higher occurrence fre-
quencies  of  extreme precipitation  in  APHRODITE relative
to  the  observations,  we  calculate  the  PDFs  and  total  num-
ber of wet days (> 1 mm d−1) from the two datasets. Figure 7
shows  scatterplots  and  PDFs  of  the  observation  and  APH-
RODITE precipitation  data  during  the  cool  and  warm sea-
sons. The APHRODITE daily precipitation is highly correl-
ated with the gauge-observation precipitation, which is signi-
ficant  at  the 99% confidence level  (  < 0.01).  The scatter-
plots show that these two datasets concentrate along their lin-
ear regression line, particularly in the cool season (Figs. 7a
and b). The coefficients of linear regression for the cool and
warm seasons are 0.79 and 0.64, respectively, which indic-
ates that APHRODITE has a tendency to underestimate the
precipitation  amplitude.  However,  the  regression  constants
are  positive,  suggesting  more  small  precipitation  values  in
APRHODITE than in the observations. As seen from Figs. 7c
and d,  APHRODITE  overestimates  the  precipitation
between 1 mm d−1 and 4 mm d−1, particularly in the warm sea-
son. This suggests that  the precipitation distribution “spec-
trum” shifts to smaller amplitudes. It can be concluded from
the percentile-based extreme definition that the overestima-
tion  of  light  precipitation  and underestimation  of  moderate
and  heavy  precipitation  both  contribute  to  the  smaller
extreme  precipitation  threshold  values  of  APHRODITE
with respect to the observations.

Figure 8 shows the spatial  distribution of the biases in
the total  number  of  wet  days (> 1 mm d−1)  between APH-
RODITE  and  the  observations.  The  total  number  of  wet
days  is  generally  larger  in  AHPRODITE,  ranging  from 20

 

 

Fig. 5. As in Fig. 4 but for the total numbers of extreme precipitation events over 1961–90.
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to 350 days. The spatial distributions strongly resemble the
biases  of  the  total  numbers  of  extreme  precipitation  (Figs.
5c and f).  As  the  interpolation  of  APHRODITE  precipita-
tion is based on the rainfall distribution, the precipitation at
gauge-observation stations adjacent to a grid point of APH-
RODITE could be carried into the grid point even though its
nearest  gauge-observation  station  does  not  have  rainfall.
However, such interpolation could overestimate the precipita-
tion amplitude at a grid point if there is a precipitation max-
imum at its nearest gauge-observation station. These two defi-
cits  tend to  be more pronounced over  the regions with lar-
ger  annual  precipitation  (i.e.,  the  larger  extreme  precipita-
tion threshold values), resulting in more evident overestima-
tion of extreme precipitation.

Considering  the  cool  season,  the  average  precipitation
and  standard  deviation  are  4.4  mm  d−1 and  5.53,  respect-
ively. In comparison with the cool season, the warm season
features  more  precipitation  (5.5  mm  d−1)  with  larger  vari-
ance (6.67).  The interpolation induces a  more evident  shift
of the precipitation distribution “spectrum” to smaller amp-
litudes for the warm season than for the cool season (Fig. 7),
which  result  in  smaller  extreme  threshold  values  and
stronger overpopulation of extreme precipitation relative to
the  gauge  observations.  Therefore,  the  biases  are  much
higher in the warm season than in the cool season.

3.3.    Fidelity  of  the  representation  of  extreme
precipitation

Figure  9 shows  the  spatial  distribution  of  the  POD  of

APHRODITE extreme precipitation in Central  Asia.  In the
cool season, the POD values are generally above 0.70 over
most parts of Central Asia except Kazakhskiy Melkosopoch-
nik and the Tianshan Mountains in Xinjiang (Fig. 9a).  The
mean POD in Central Asia is 0.70, which suggests that 70%
of  the  observed  extreme  precipitation  is  captured  correctly
by  APHRODTE.  Despite  overestimating  the  number  of
extreme  precipitation  events  over  the  mountains  (Figs.  5c
and f),  a  maximum above  0.85  is  seen  over  Pamir.  As  the
POD depends on the total  number of  extreme precipitation
events in the observations, the overestimation of extreme pre-
cipitation events increases the likelihood of a high POD.

Similar to the aforementioned larger biases in the warm
season,  the  warm season  has  smaller  POD values  than  the
cool season, with a mean value of 0.65 (Fig. 9b). There are
additional  minima  in  the  Turan  Lowlands  (0.53)  and  the
Tarim Basin (0.48), which overlap with small threshold val-
ues and low numbers of extreme precipitation events (Figs.
4f and 5f).  High  PODs  corresponding  to  overestimated
extreme  precipitation  and  a  low  POD  corresponding  to
small numbers of extreme precipitation events suggests that
the POD depends on the total number of extreme precipita-
tion events.

Figure  10 shows  the  spatial  distribution  of  the  EDI  of
extreme precipitation for APHRODITE during the cool and
warm seasons. Compared with the POD, the EDI is more com-
parable between the low and high numbers of extreme precip-
itation events. The amplitudes of the EDI are obviously lar-
ger than the POD. In the cool and warm seasons, 84.2% and

 

 

Fig. 6. Time series of the total numbers of extreme precipitation events in each month derived from
the 316 gauge-observation stations (blue) and APHRODITE grid points (red) for the (a) cool and (b)
warm seasons.
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64.6%  of  grid  points  have  EDI  scores  above  0.8,  respect-
ively.  Three  minima remain  over  northern  Kazakhstan  and
central Xinjiang. In general, the identification of extreme pre-
cipitation in APHRODITE can be regarded as considerably
reliable.

As  can  be  seen  from Fig.  1,  there  are  some  stations

within a single grid box. To quantify the impact of the num-
ber of stations included in a single grid box, we compute the
averages of the extreme precipitation biases, POD and EDI
stratified by different number of stations within each of 316
grid  boxes.  The  grid  boxes  mainly  include  1  and  2  gauge-
observation  stations,  which  are  191  and  110,  respectively.

 

 

Fig. 7. Density colored scatterplots of precipitation from observations and APHRODITE during the (a) cool and (b)
warm seasons. Colors indicate the total numbers and the red line denotes the linear regression between the observed
precipitation  and  the  APHRODITE  precipitation.  PDFs  of  precipitation  for  observation  (red)  and  APHRODITE
(blue) during the (c) cool and (d) warm season.

 

 

Fig.  8.  Spatial  distribution  of  biases  in  the  total  number  of  wet  days  (>1  mm  d−1)  between  APHRODITE  and
observations in Central Asia during (a) the cool season and (b) the warm season of 1961–90.
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Besides,  13  grid  boxes  encompass  3  stations,  while  only  2
grid boxes include 5 stations. Table 2 shows the averages of
extreme precipitation biases,  POD and EDI stratified  by 1,
2,  3  and  5  stations  within  a  grid  box.  As  subsequently
shown in the discussion, there are two stations not incorpor-
ated into APHRODITE and two stations with 5-year anomal-
ous values, where the APHRODITE grid points exhibit relat-
ively low performances. These four stations are only related
to four grid boxes that include 3 stations. To be more compar-
able,  we  have  removed  these  four  stations  and  grid  points
for the grid box with 3 stations. There is an overall improve-
ment  of  APHRODITE  in  representing  extreme  precipita-
tion if the grid box incorporates 2 and 3 gauge-observation
stations. Although the grid boxes with 5 stations have some
improvements in POD and EDI with respect to those with 1
station,  they  exhibit  an  overall  degradation  compared  to
those  with  2  and  3  stations.  Such  degradation  could  pos-
sibly  be  attributed  to  the  impact  of  topography  since  these
two  grid  boxes  are  both  in  the  Trans-Ili  Alatau  Mountains
with altitudes of 3185 m and 3966 m, respectively.

4.    Discussion

It  is  noted  that  station  Nos.  36335,  51581  and  51655
(marked  in Fig.  8a)  have  the  lowest  POD  and  EDI  in  the
cool season. By checking the ratio of the 0.05° grid boxes con-
taining stations provided by APHRODITE, we confirm that
the APHRODITE dataset does not incorporate station Nos.
51581 and 51655 in Xinjiang and station No. 36335 in Kaza-
khskiy  Melkosopochnik  before  1966  in  the  interpolation.
Apparently, owing to the absence of station Nos. 51581 and
51655,  their  nearest  grid  points  in  APHRODITE  fail  to
identify extreme precipitation.

We compare the gauge-observation precipitation of sta-
tion  No.  36335  with  the  precipitation  of  its  nearest  grid
point in APHRODITE in the warm season, which is shown
in Fig.  11.  Although  the  number  of  extreme  precipitation
events is comparable between the two datasets, the extreme
precipitation events do not exactly overlap with each other.
The observational data show that extreme precipitation domin-
ates during 1961–65. In APRHODITE, this station is ruled

Table 2.   Average biases of extreme threshold values (Δp95) and total number of extreme precipitation events (ΔEvents), POD and EDI
stratified by the number of stations within a grid box for the cool and warm seasons.

Number of stations

Δp95 ΔEvents POD EDI

Cool Warm Cool Warm Cool Warm Cool Warm

1 −2.93 −5.98 4.13 5.83 0.74 0.68 0.84 0.78
2 −2.10 −5.24 4.20 4.74 0.80 0.76 0.89 0.86
3 −1.28 −3.93 4.42 6.83 0.79 0.78 0.89 0.88
5 −3.34 −4.60 1.50 7.00 0.79 0.72 0.90 0.85

 

 

Fig. 9.  Spatial distribution of the POD of extreme precipitation derived from APHRODITE in Central Asia during
the (a) cool season and (b) warm season.

 

 

Fig. 10. As in Fig. 9 but for EDI. Markers in (a) indicate the locations of station No. 36335 (cross), 51581 (circle)
and 51655 (triangle).
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out for this period after a series of quality control checks con-
ducted  by  the  APRHODITE  gridding  algorithm.  As  such,
the predominant extreme precipitation events in the observa-
tions during 1961–65 are absent in APHRODITE. As a res-
ult, the extreme precipitation threshold value declines dramat-
ically from 38.2 mm d−1 for the observations to 12.1 mm d−1

for  APRHODITE,  resulting  in  more  extreme  precipitation
since  1966  in  the  APRHODITE dataset.  Therefore,  station
No. 36335 has smaller values for both the POD and EDI. Sim-
ilarly,  the  quality  control  processes  of  APHRODITE  also
rule out some of the extreme precipitation in the gauge obser-
vations, particularly in the desert areas, which results in relat-
ively lower POD and EDI scores and higher negative biases
of  the  threshold  in  the  Turan  Lowlands  and  the  Tarim
Basin.  We  have  carefully  checked  the  other  315  stations,
and  there  is  another  station  (No.  35582)  similar  to  No.
36335.

Figure  12 shows  the  distribution  of  the  distance
between each observation station and its  nearest  grid  point
in APHRODITE. The distance shows a normal distribution
with  a  mean  value  of  9.1  km  and  a  standard  deviation  of
3.6.  The magnitude of  the distance ranges between 1.1 km
and 16.7 km. APHRODITE uses a modified distance-weight-
ing interpolation method (Yatagai et al., 2012, 2018), which
partially  contributes  to  the  underestimation of  precipitation
and  extreme  precipitation  extreme  values.  As  we  mainly
focus  on  the  representation  of  extreme  precipitation  rather
than  the  precipitation  errors,  we  assume  that  such  a  dis-
tance is negligible for the detection of extreme precipitation.

The number of extreme precipitation days is not compar-
able  between the cool  and warm seasons,  which are  212 ×
30 and 153 × 30, respectively. Strictly speaking, we should

not  directly  compare  the  distribution  of  extreme  precipita-
tion  between  two  seasons.  However,  this  study  compares
the distribution of extreme precipitation in the warm season
with  that  in  the  cool  season  to  highlight  the  signatures  of
extreme precipitation and make the study more concise.

5.    Conclusions

Using gauge-observation data,  this  study examines the
fidelity of the APHRODITE dataset in representing extreme
precipitation  over  Central  Asia,  which  includes  five  coun-
tries and the Xinjiang Uygur Autonomous Region in China,
in  terms  of  the  extreme  precipitation  threshold  value,  the
total number of extreme precipitation events, POD and EDI
during the cool and warm seasons during 1961–90.

 

 

Fig.  11.  Time series of  daily precipitation for  (a)  station No. 36335 and (b)  its  nearest  grid
point  in  APHRODITE in  the  warm season  during  1961–90.  The  dashed  lines  represent  the
extreme precipitation criterion.

 

Fig.  12.  Histogram  of  distance  between  each  observation
station  and  its  nearest  grid  point  in  APHRODITE.  The  black
line  indicates  the  PDFs  derived  from  a  normal  distribution
fitting method.
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The APHRODITE dataset is highly correlated with the
gauge-observation precipitation data and can reproduce the
spatial  distributions  of  the  extreme  precipitation  threshold
value and occurrence number. For the cool season, the max-
ima of the extreme precipitation threshold value and occur-
rence  number  reside  over  the  mountainous  areas,  such  as
the  Hindu  Kush  Mountains,  Pamir,  the  western  Tianshan
Mountains,  and  Kazakhskiy  Melkosopochnik.  APHROD-
ITE  tends  to  underestimate  the  extreme  precipitation
threshold value, particularly over the regions with moderate
threshold  values.  In  contrast,  APHRODITE  overestimates
extreme  precipitation  over  the  regions  with  greater
threshold values. Considering the temporal feature, APRHOD-
ITE is  basically  consistent  with  gauge  observation  with  an
overall  overpopulation,  particularly  during  the  time  with
large numbers of extreme precipitation events. The distribu-
tion-based  interpolation  of  precipitation  results  in  APH-
RODTE  overestimating  light  rainfall  and  underestimating
heavy rainfall. Therefore, APHRODITE underestimates the
extreme precipitation threshold value and overestimates the
total  number  of  extreme  precipitation  events,  particularly
over the mountainous areas. Since there is a more powerful
shift of the precipitation distribution “spectrum” to smaller
amplitudes for the warm season than for the cool season, the
biases are more evident in the warm season than the cool sea-
son.

The  POD  and  EDI  reveal  that  APHRODITE  has  a
fairly good capability of detecting extreme precipitation, par-
ticularly  in  the  cool  season.  The  number  of  sampling  grid
points with POD values above 0.7 account for 79.7% of the
grid points  in  the cool  season and 60.7% in the warm sea-
son,  while  grid  points  with  EDI  values  above  0.8  account
for  84.2%  and  64.6%  of  the  grid  points  in  the  cool  and
warm seasons, respectively.

This study has primarily focused on the representation
of  extreme  precipitation  in  APHRODITE  during  1961–90
and interpreted the biases from the perspective of the precipit-
ation distribution. The interannual and interdecadal variabilit-
ies  of  extreme  precipitation  and  the  corresponding  large-
scale  meteorological  patterns  remain  to  be  unexplored.  To
address  these  questions,  our  future  work  will  extend  the
study period to 2015 to investigate the temporal variability
of extreme precipitation on the basis of the current extreme
precipitation threshold value, as well as the underlying phys-
ical mechanisms, using the APHRODITE dataset with satel-
lite  precipitation  data  instead  of  gauge  observation  data.
Based on our findings, it is appropriate to perform extreme
analysis  with  APHRODITE  in  places  that  incorporate
gauge-observation data. Extremes over places without incor-
porated  gauge  observations  should  be  examined  carefully
with  atmospheric  circulations.  The  total  number  of  gauge-
observation  stations  over  Central  Asia  experienced  two
drastic declines in 1991 and 2006, respectively, which is the
same  situation  for  APHRODITE  (Yatagai  et  al.,  2012,
2018). It is unrealistic to conduct extreme analysis over Cent-
ral Asia after 2007 using the gauge-observation data. There-

fore, it would be better to use the APHRODITE dataset with
satellite precipitation data that are calibrated with the APRH-
RODITE  data  over  their  overlapping  years,  such  as
1998–2004 (Yatagai et al., 2014).
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