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No changes in Northern Vietnam'’s precipitation extremes
during rainy season for the time period from 1975 to 2006

Khong cé sur thay doi vé cdc dot mua cuc doan vao mua mua & mién Bdc Viét Nam trong

khodng thoi gian tor 1975 dén 2006
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A consequence of climate change may be higher frequencies and higher intensities of extreme climate events all over
the world. This paper takes a closer look at the Northern Vietnam climate conditions. The area of interest are the geo-
graphical regions North East, North West, Red River Delta and North Central Coast. For research of extreme climate, the
data from 72 meteorological stations for the time period from 1975 to 2006 were used and tested for the rainy season
with the method of indices for climate change research created by Expert Team on Climate Change Detection (ETCCDI).
Apparently, there is a linkage between the indices and topics of social and economic impacts, but this is not a clear fact.
The climate change and extreme precipitation indices of the annual total precipitation above the 95th percentile (R95p),
the annual total precipitation above the 99th percentile (R99p), the simple precipitation intensity amount (SDII), the
annual total precipitation on wet days (PRCPTOT) and a modified annual total precipitation above 50 mm (R50mm) are
used in this study. The question, whether there are statistically significant trends is answered using the Mann-Kendall
Trend test. The results show that the indices are strongly influenced by the variations of the Vietnamese climate. Hence
many stations have no significant trends. For the investigated time period, most of significance trends were decreasing.
But there is a positive correlation between the total precipitation in the rainy season (PRCPTOT) and the frequencies of
extreme climate events above the indices thresholds from R95p and R99p. Concluding, climate models show that higher
total precipitations are likely for the area of interest. Therefore, it can be expected that, in a changing climate, more
extreme climate events with higher intensities will occur.

Bién d6i khi hdu cé thé dén dén su gia ting vé tén s6 va cudng do cda cdc hién tuong thdi tiét cuc doan trén todn thé gidi.
Nghién ctru nay sé xem xét ky hon vé cdc diéu kién khi hgu & mién Bdc Viét Nam. Bja diém nghién ciru bao gom cdc khu vuc
dia ly Béng Bdc, Tdy Bdc, Pong bdng séng Hong va Bdc Trung BO. D€ nghién clru vé khi hdu cuc doan, cdc di liéu trong khodng
thoi gian tir 1975 dén 2006 da dugc thu thdp tir 72 tram khi tugng. Nhirng di liéu nay duoc dang dé kiém ching doi véi mua
mua theo phuong phdp chi s6 nghién ciru bién doi khi hgu cda Nhém chuyén gia vé phdt hién bién doi khi hdu (ETCCCDI).
Hién nhién c6 mét madi lién hé gitta cdc chi s6 vdi cdc chd dé vé tdc dong kinh té va xd hoi, tuy nhién thurc t€ nay van chua ré
rang. Cdc chi s6 bién doi khi hgu va mua cuc doan cda téng mua hdng ndm trén 95 phan trdm (R95p), tong mua hdng ndm
trén 99 phan trdm (R99p), chi s6 cuong do mua trén ngay (SDII), téng mua hdng ndm vao nhing ngay am udt - mia mua
(PRCPTOT) va téng mua hdng ndm bién doi trén 50mm (R50mm) dugc st dung trong nghién ciru ndy. Cdu héi vé su ton tai
cta cdc xu hudng quan trong vé mdt théng ké duoc trd 101 bdng phuong phdp Mann-Kendall Trend. Cdc két qud chi ra rdng
cdc chi s6 chju énh hudng I6n tir su bién doi cia khi hgu Viet Nam. Do vy, & mot s6 tram khi tuong khdng ¢6 cdc xu hudng
¢ y nghia. Trong khodng thoi gian nghién ctu, cdc xu hudng quan trong déu gidm. Tuy nhién, c6 mét méi tuong quan thud@n
gitta t6ng lugng mua trong maa mua (PRCPTOT) va cudng do cla cdc hién tugng thoi tiét cuc doan trén cdc cuc cda chi s
tr R95P va R99p. Két ludn, cdc mo hinh thoi tiét cho thdy tong luong mua I6n hon c6 khd ndng sé xdy ra trén dia ban nghién
cttu. Vi vy, c6 thé phdng dodn rdng khi thay déi khi hdu, sé dién ra nhiéu hién tuong thoi tiét cuc doan vdi cudng dé cao.
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1. Introduction

Climate change causes a heated atmosphere which can
gather more water. As an effect, local and regional precip-
itation regimes may change (Nicholls et al., 1996). As im-
portant as climate change the alternation of extreme
weather is one of the major flood inducing factors because

it shows directly impacts on variability and availability of
hazardous amount of water (Hong et al., 2014). For meas-
uring the development of climate extremes, indices were
established. According to Zhang et al. (2011) indices are a
significant step forward to understand, whether climate
becomes more variable or extreme. There are 27 so called
core indices after ETCCDI (2016), 11 for measuring precip-
itation and the remaining 16 for temperature research.
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The indices are used for detection and monitoring of cli-
mate change. So, increasing and decreasing trends of the
index-values can be used as evidence of change. They en-
able us to describe how strong and how quickly the change
takes place. The calculation of a time series is important for
this study to reflect the development the indices of recent
years. But increasing fluctuations can also be an indication
of climate change.

Apart from the indices developed by the ETCCDI, other in-
dices have been developed, a number of them are over-
lapping with the ETCCDI ones and several new indices were
modified from ETCCDI indices (Zhang et al, 2011). Re-
search on climate extremes has a long indices-based his-
tory and surely it is connected with advantages in under-
standing climate change.

Many authors see a link between the results of indices
measurement and ecological, economic and social impacts
on the society (Aguilar et al., 2009; Caesar et al., 2011;
Caloiero, 2014; Ducic et al., 2012; Manton et al., 2001;
Quan et al., 2013; Zwiers et al., 2013). But such linkages
were not detailed described and the linkage mechanism
are not clearly defined.

It is not easy to define heavy or extreme rainfall. There are
many definitions, but at this place it cannot ultimately be
determined which definition is the most exact. So, talking
about extremes remains imprecise (Alexander, 2015). A
threshold is needed, by which normal rainfall can be differ-
entiated from heavy or extreme rainfall based on the rain-
fall intensity. The thresholds are often defined by using
percentiles (Ranke, 2015). If the accumulated precipitation
is higher than the threshold value, this rainfall event is one
of the heavy or extreme ones. As has been said before, dif-
ferent percentiles have been used to describe extremes.
For example, Kundzewicz and Schellnhuber (2004) define
heavy by the 99th percentile of the daily totals. Haylock et
al. (2006) called the 95th percentile as threshold for very
wet day precipitation and above the 99th percentile, they
defined it as extremely wet day precipitation. Chang &
Kwon (2007) define the 90th percentile as threshold for
heavy precipitation events. Karl and Knight (1998) called
events above the same percentile value as very heavy pre-
Cipitation events. Ho et al. (2011) describe heavy rainfall
days as days above the 95th percentile of accumulated
precipitation on rainy days. As shown the definitions are
not consistent and differ often in linguistic nuances.

This study aims to investigate if there are trends in precip-
itation extremes for the area of interest in Northern Vi-
etnam, which covers the gap in detailed investigations.
New research concerning this question is recommended
to initiate useful steps of natural hazard managementin a
region endangered by floods and flash floods.

73

1.1 Status of climate extreme research

Precipitation extremes were examined in regional studies.
However, there not many studies available for the indo-pa-
cific region, which covers northern Vietnam. From them,
only a few studies analyze Vietnam's precipitation patterns
in particular. In these studies, climate extreme indices are
used often. For a better understanding of the following
lines, see table 1. Another source for climate research data
are online datasets hosted on websites like CLIMDEX
(https://www.climdex.org/). For the indo-pacific region,
Ceasar et al. (2011) have claimed that spatial coherence in
precipitation indices is missing and that there is a low num-
ber of stations with significant trends. Endo et al. (2009)
stated that the northern Vietnam'’s annual rainfall and the
rainfall intensity of the R95p index are decreasing since the
1950s. In this study 200 weather stations were studied all
over the pacific region, but the number of significant
trends was low and reach for all indices maximum 10%.
Choi et al. (2009) calculate a decreasing of 44.2 mm per
decade from the annual rainfall amount. But this calcula-
tion was not significant, as the authors underline. In this
study, significant trends reach 10 to 14% depending on the
different indices. Manton et al. (2001) claimed, that for the
majority of stations in the whole region extreme rainfall
events have declined.

Yazid and Humphries (2015) took a closer look on Vietnam
when they researched eight precipitation indices of the In-
dochina peninsula. For Hanoi city, the indices were de-
creasing. As in other studies, significant results only reach
20 till 30%. Quan et al. (2013) detected strong variations
for R50mm and R99p too. The R50mm seems to have a
negative trend, meanwhile the R99p have strong fluctua-
tions. They identified that trends in the northern part of
Vietnam are generally weaker as in the south. Ngu-Duc
(2014) stated that rainfall in the northern coastal areas
from 17°N northward is decreasing for the winter, summer
and autumn seasons. However, the World Bank (2011) in-
dicates that there is no statistical trend in the mean rainfall
over Vietnam since 1960.

1.2 Study area

To clarify all these questions about the development of ex-
treme precipitation for Vietnam and to ensure a resource-
efficient detailed analysis, the study area was limited to the
northern part of the country. Four northern Vietnam geo-
graphical regions constitute the study area: North West,
North East, Red River Delta and North Central Coast. The
area size is nearly 191.000 km? and the topography
reaches from high mountainous areas over hilly land-
scapes to flat delta and coastal areas. The highest moun-
tains of the country are located in the North West. The cli-
mate is determined by the monsoon. The year can be di-
vided into two phases by climate conditions, a hot and wet
phase and a warm and dry phase. These parts are called
wet season and dry season. There are strong differences
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between the rainfall intensity in the different geographical
regions (Tuyen, 2005).

1.3 Wet season - definition

The maximum of yearly rainfall is accumulated during the
wet season. The dimension of this accumulation is 70 to
80%. The spatial and temporal settings of this wet season
cannot be simplified, because the wet season delays from
North to South (Imamura & To, 1997; Tuyen, 2005). More-
over, the rainfall accumulation depends on the occurrence
of tropical cyclones. However, there is a lot of imprecise
information about, when and where the wet season starts
or ends. Nguyen et al. (2014) set the duration of the wet
season in the North for the months May to October and
for the Central region for August to September. Chang et

Table 1. Used indices after ETCCDI

al. (2005) said, that for all regions north of 10°N the dura-
tion of the wet season is July to October. The flood season,
which is connected to the rainy season, starts in Northern
Vietnam in May/June and ends in September or October
(World Bank, 2010). A study on the Son La province in the
region North West determines the rainy season for the
time period from April to September (Schad et al.,, 2012).

As it can be seen, a clear definition for the wet season is
missing. To solve this problem, a definition by the Institute
of Strategy and Policy on Natural Resources and Environ-
ment (ISPONRE) Vietnam (2009) was used here, which de-
fines, with a clear threshold, the rainy season “as the time
when the monthly average rainfall is over 100 mm". Follow-
ing this definition, the individual wet seasons for each
weather station used in this study were calculated by the
monthly means for the investigation period.

Index Indicator name Definitions Unit

R95p Very wet day precipitation Annual total precipitation when RR > 95 percentile for the time period mm
1975 - 2006

R99p Extremely wet day precipitation Annual total precipitation when RR > 99 percentile for the time period mm
1975 - 2006

S]]l Simple daily intensity index Average precipitation from wet days mm/day

PRCTOT Wet-day precipitation Annual total precipitation from wet days mm

R50mm Heavy annual precipitation Annual total precipitation from days when RR = 50 mm mm

2. Material and methods

The dataset used here was obtained from Vietnam's Hy-
drometeorological Data Center. The data is hosted at the
World Bank website: https://datacatalog.worldbank.
org/dataset/wps5491-rainfall-data-172-weather-stations-
vietnam. The time period of the dataset is mostly from
1975 to 2006. According to this present dataset, there are
172 meteorological stations in Vietnam. Another 78 sta-
tions are no longer in operation, but are contained within
this data set. For this study, the data of 72 stations were
used because they cover the study area. The North West is
represented by 15 stations, the North East and the North
Central Coast by each 22 and 13 stations covers the Red
River Delta. The data format is Excel tables and contains
spatial locations and daily precipitation data in one table,
sorted by years and days in the rows and months in the
columns.

For the calculation of indices high quality and high fre-
quency homogeneous meteorological data is required
(Zwiers et al., 2013). The used datasets are in daily resolu-
tion and therefore have an adequate frequency. Since the
source is an official meteorological service it could be as-
sumed that the data have a good quality. However, quality
control shows that there are some problems with this da-
taset. The quality control in this study is a two-step pro-
cess. First, stations with data gaps of more than a year are
sorted out. The remaining datasets have some gaps from
one or two months. These gaps are filled with the mean
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daily data from stations from the same region of the rainy
season.

To fill the gaps, the required mean values were calculated
and inserted into them. 14 of 72 stations have this kind of
monthly data gaps. Overall 23 months of data record are
missing, which compiles a missing rate of 0.18% from the
total data recorded.

There had to be further adjustments to the raw data. By
scientific convention for analyzing indices there is a differ-
entiation between rainy days and dry days. A rainy day is a
day with precipitation of more than 1 mm. In the dataset
precipitation days with more than zero millimeter rainfall
but less than one millimeter are declare with 0 mm. These
days are sorted out.

The Expert Team on Climate Change Detection (ETCCDI)
considered 27 indices on Climate Change as core indices.
Eleven of them deal with precipitation. This study is limited
to precipitation extremes, so not all of these 27 indices
need to be used. Instead, it focuses on key precipitation-
based indices. The used climate change and extreme pre-
cipitation indices are R95p, R99p, SDII, PRCPTOT and a
modified R50mm (Table 1). The R50mm is modified, be-
cause it is originally the Rnnmm index, which allows the us-
age of a user defined threshold and counts the days above
it. In this study, however, the precipitation totals are
summed above the threshold of 50mm as in the percen-
tile-based indices.
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The thresholds for the percentile-based indices are calcu-
lated for the yearly rain seasons dataset time series 1975
to 2006. As a result, the 32 annual time series for each in-
dex and from every station is trend tested with the Mann-
Kendall rank correlation test. This test shows the direction
and the statistical significance for each station as the inves-
tigated time period. Additionally, the regional trends are
examined by using the Mann-Kendall rank correlation test
for direction and significance and regression analysis for
the trend strength. The regional value is calculated by the
rainy season means from each station. In this study, three
significant levels are used by a <= 0.1, a <= 0.05 and a <=
0.01.

3. Results

The precipitation indices do not show significant trends for
the variety of stations. The range of non-significant station
trends reaches from 65% at the SDII to 81% at the
PRCPTOT. Negative trends are, at a low level, twice to four
times more frequent than positive trends. Overall, only 10
to 19 of the 72 weather stations show a significant negative
trend depending on the index studied. The rate of stations
with positive trends is still lower and affected by absolute
values. A closer look on Figure 2 shows as an example of
the trends of the R99p index at the considered meteoro-
logical stations.

At the regional scale (Table 2), the rate of change per dec-
ade for most regions is negative. There is a strong variation
over the investigated time period, as presented in Figure 1.
There are only weak increments in the North West. Strong
declines are calculated for the Red River Delta and the
North Central Coast. In this region, the annual total precip-
itation PRCPTOT declines more than 40 mm in rainy sea-
son per decade. The index SDIl reaches even a decrease of

56 mm per decade in rainy season at the Red River Delta.
Moreover, three of five indices in the Red River Delta are
significant. It must be pointed out that there are strong re-
gional disparities in the annual total precipitation. So, the
relative declines might be smaller for regions like the North
Central Coast. To conclude, there are only a few indices
with significant trends after the regional analysis. There are
strong variations in each index time series, so the compu-
ting of statistically significant trends is difficult.
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Figure 1. Time series of the indices R95p and R99p at the re-
gion North Central Coast.

Another approach is the analysis of the correlation coeffi-
cient. Nearly 2000 annual records of the stations were
checked for correlation. In detail, the dependencies be-
tween the total precipitation and the indices R95p and
R99p were tested. The test showed a correlation coeffi-
cient of r2=0.73 between PRCTOT and R95p and r2 = 0.47
between PRCTOT and R99p. These values are within the
expected range because climatic events are often deter-
mined by a variety of variables.

Table 2. Regional trends after ETCCDI for Northern Vietnam during rainy season

Index/Region North West North East
R95p 7.8 -17.5

R99p 1.63 -8.8

SDII 0.21+ -0.4
PRCPTOT 4.86 -34.5
R50mm 9.94 -19.6

Red River Delta North Central Coast 1975-2006

-42.2 -43.52 mm/decade
-32.5* -14.57 mm/decade
-0.42 -0.63* mm/decade
-48.3+ -40.35 mm/decade
-55.9+ -39.85 mm/decade

Symbols: + for trends at a < 0.1 significance level, * for trends at a < 0.05 significance level.
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Figure 2. Stations and trends of the R99p-index in Northern
Vietnam at the rain season. Sources: Topographic Basemap
by ESRI (2016) & SRTM Elevation Model by USGS (2016).

4. Discussion

The results of this study are in line with the existing studies
on climate extremes. Therefore, it is not surprising that
there are so many non-significant trends. This study con-
firms previous study results and shows that the northern
part of Vietnam is not affected by strong trends. For all five
investigated indices, spatial patterns could not be found.

The Indices after ETCCDI might be highly recommended,
butin fact, the statistical thresholds can be called arbitrary.
All results beneath the thresholds of statistical significance
are categorized as No Trend. This might be an oversimpli-
fication of a complex topic. Alternatively, a closer look at
the Mann-Kendall-S-value can be helpful. The S-value is an
important value to measure the strength of a trend, be-
cause it adds up or subtracts the value 1 to the S-value
consequent upon the subsequent data values in a time pe-
riod. For this case, as an example for the R50mm, two out
of three meteorological stations have a negative S-value. In
short, the result depends on the preferences in the study
design. On the one hand, the usage of S-values that is ap-
propriate to each station comparable values have got
more information, on the other hand most of them are not
significant.
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5. Conclusions

No indications have been generated by the present study
to prove that climate change has affected extreme precip-
itation events in northern part of Vietnam over the time
period from 1975 to 2006. Only a small proportion of
weather stations show significantly positive or negative
trends for the studied indices. The spatial distribution of
these stations also allows no conclusions about local clus-
ters. With the exception of the Red River Delta, there is little
evidence of change on a regional level. This leads to the
conclusion that the impacts of climate change on the data
used are either not reproducible or that there are no
measurable impacts.

Decreasing rainfall suggests a theoretical decrease of the
heavy rain regime due to the correlation with the R95p in-
dex. However, decreasing rainfall is not significant except
for the Red River Delta. Unfortunately, in a changing cli-
mate system, this does not provide reassurance, as evi-
denced by the steady loss of life as a result of heavy rain-
induced natural hazards.

Despite these study results, there is still a need for moni-
toring precipitation extremes. This is due to the fact that
many natural hazards are caused by precipitation. Climate
change is taking place more and more intensely, as a result
of which the atmospheric influence over the study area has
also increased. This illustrates the need for monitoring, as
otherwise potentially important turning points in develop-
ment may be missed.

Further research on this specific topic is needed to under-
stand the correlation between climate change and precip-
itation extremes. For this purpose, current time series
should be used, as well as the methods of remote sensing,
such as areal recordings by radar data.
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