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1. Introduction 

1.1. Overview  

The Mekong River Commission (MRC) was established by the 1995 Agreement on 

Cooperation for the Sustainable Development of the Mekong River Basin, between the 

governments of Cambodia, Laos, Thailand and Vietnam. In accordance with this 

agreement, the mission of MRC is “to promote and coordinate sustainable management and 

development of water and related resources for the countries’ mutual benefit and the people’s 

well-being by implementing strategic programmes and activities and providing scientific 

information and policy advice”. The MRC Secretariat (MRCS) is the technical and 

administrative arm of the MRC. It provides technical and administrative services to the 

Joint Committee and the Council to achieve the MRC’s mission. 

 

The Climate Change and Adaptation Initiative (CCAI) started in August 2009 as a 

regional collaborative initiative to support the Lower Mekong Basin (LMB) countries in 

adapting to the impacts and new challenges of climate change. Adopting a basin-wide 

integrated approach consistent with Integrated Water Resources Management (IWRM) 

principles and the MRC 1995 Agreement, the CCAI focuses on: (i) climate change impact 

and vulnerability assessment, adaptation planning and implementation in priority 

locations within the LMB; (ii) building knowledge and capacity at different levels 

(institutional, technical and managerial capacity); (iii) regional adaptation strategy 

supporting national frameworks; (iv) regional partnerships and collaboration. 

 

Through the consultation process during January to August 2012, the Programme 

Implementation Plan (PIP) of the CCAI was agreed with the MRC Member Countries 

(MCs). In order to detect change in the past and understand potential change in the 

future, climate change modelling and analysis (Activity 1.1.2) is a necessary first step in 

climate change adaptation planning. The findings of the climate change modelling and 

analysis will be used to prepare a Status Report of Climate Change and Adaptation 

(Activity 1.1.2), a Mekong Adaptation Strategy (Activity 3.2.2), a Climate Change 

Monitoring and Reporting System (Activity 3.2.1) and will also provide supporting 

information to basin-wide impact assessments on flood, drought, food security, 

ecosystems and socio-economics (Activities 1.3.1, 1.5.1 and 1.6.1). 

 

Related to climate and hydrological analyses, one of the most relevant questions asked is 

whether the climate in the LMB has changed over recent decades. Answering this 

question requires statistical analysis of long-term (i.e. several decades) hydroclimatic 

data to detect historical trends, variability and changes. This usually involves comparing 

different hydroclimatic parameters (e.g. temperature, precipitation, etc.) and how they 

have changed in both space and time. Presently, CCAI and MRC’s Information and 

Knowledge Management Programme (IKMP) cooperate with the MCs in collecting, 
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extending and updating historically observed, station-based hydroclimatic data. This 

historical station-based hydroclimatic data is utilised in this study to analyse historical 

trends, variability and changes in hydroclimatic variables for the LMB. 

 

In addition to understanding how hydroclimatic parameters like precipitation and 

temperature have changed over time in the LMB it is also important to consider the past 

and present behaviour of tropical storms and typhoons – since tropical storms are often 

responsible for significant negative impacts in the LMB (e.g. flooding, damage to 

infrastructure, human injuries and deaths, decrease in agricultural productivity etc.) and 

also strongly influence the quantity and spatial distribution of precipitation which in 

turn influences hydrological conditions across the LMB. Therefore, the second important 

question to consider is whether climate change may cause (or is already causing) 

changes in tropical storm frequency, intensity, location, duration and/or timing of 

occurrence. This study presents a preliminary analysis into the historical behaviour of 

tropical storms and typhoons in the LMB region, with a focus on tropical storm and 

typhoon frequency and intensity. 

 

Lastly, it is also known that large-scale ocean-atmospheric processes (e.g. El 

Niño/Southern Oscillation (ENSO), Indian Ocean Dipole (IOD), monsoons etc.) influence 

hydroclimatic conditions in the Southeast Asian region where the LMB is located. 

Therefore, indices representing the large-scale ocean-atmospheric processes known to 

influence Southeast Asia will be used to investigate the relationship between large-scale 

ocean-atmospheric processes and selected indicators of historical hydroclimatic 

conditions in the LMB. This will enable some insights to be gained into whether any 

historical trends, variability and changes identified in LMB hydroclimatic conditions are 

due to natural variability or whether they are possibly due to something else (e.g. if 

there is evidence of trends or changes in LMB hydroclimatic conditions and those 

changes are not related to natural variability related to large-scale ocean-atmospheric 

processes then perhaps the changes can be attributed to early impacts of anthropogenic 

climate change). 

1.2. Objectives 

The objectives of this investigation are to: 

1) Analyse historical trends, variability and changes in indicators of historical 

hydroclimatic conditions in the LMB. 

2) Collect and review tropical storm data available for the LMB and analyse 

historical trends, variability and changes in the frequency and intensity of 

tropical storms and typhoons relevant to the LMB. 

3) Investigate relationships between trends, variability and changes in selected 

indicators of historical hydroclimatic conditions in the LMB and large-scale 

ocean-atmospheric processes known to influence the Southeast Asian region 

where the LMB is located. 
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1.3. Expected outputs 

The major expected outputs from this analysis are: 

1) A Technical Report describing background, data, methodology, results, 

discussion, key findings and recommendations. The following critical questions 

should also be addressed in the Technical Report (e.g. in the key findings 

section): 

a) What historical trends, variability and changes have occurred in 

hydroclimatic variables for the LMB? 

b) Is there any evidence of recent changes (i.e. in the last 1-3 decades) that 

are beyond what could be considered natural variability or change? 

c) Is there any evidence to suggest that the impacts of anthropogenic climate 

change are already being experienced in the LMB? 

d) What is an appropriate baseline climate period to use for the LMB (i.e. a 

period which captures the range of historical variability that has 

occurred, prior to any detectable influence of anthropogenic change)?  

2) A copy of the final, quality-checked hydroclimatic and tropical storm dataset 

used to produce the results presented in the Technical Report. 

3) A copy of the spreadsheets and computer program code (or scripts) used to 

produce the results. 

1.4. Limitations of this study 

This study has the following limitations: 

¶ The focus is on the LMB only (locations in the upper Mekong Basin are not 

analysed). 

¶ The spatial and temporal completeness, and quality, of the observed station data 

provided was a major limiting factor. This was especially the case for 

evaporation, relative humidity and sunshine duration but also for analysis of 

long-term (i.e. longer than 30 years) trends and changes in temperature and 

precipitation related indicators.  

¶ Only the frequency and intensity (based on wind speed) of tropical storms and 

typhoons was analysed due to lack of time and lack of information on other 

storm related variables (e.g. location of centre of storm and how that changes 

over time (i.e. storm track), storm duration, intensity based on pressure, location 

of peak intensity, spatial extent of impacts, timing and clustering of storms 

throughout the year etc.).  

¶ All analysis was conducted on the annual time step (as opposed to seasonal or 

monthly). This was due to time and data constraints and because the focus here 

was to get some preliminary insights to determine whether further, more 

detailed, investigations are required. 

¶ Related to the previous point, no analysis was conducted into extreme events 

(e.g. changes in the timing, frequency, duration, location or spatial extent of 

intense rainfall or drought conditions). 
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¶ The investigation into relationships between trends, variability and changes in 

indicators of historical hydroclimatic conditions in the LMB and large-scale 

ocean-atmospheric processes was preliminary only (i.e. only some large-scale 

ocean-atmospheric processes were considered and analysis was only conducted 

for two indicators). Despite this there were some interesting results obtained that 

warrant further investigation with more a spatially and temporally complete 

station-based dataset (or gridded data that is demonstrated to realistically 

capture hydroclimatic variability in the LMB). 

¶ Also important to note is that when testing for step changes in hydroclimatic 

data, the significance of the change is dependent on the variability within the 

data and the variability within the data is strongly influenced by the length of the 

data record. For example, highly variable data will need to exhibit a larger 

change to be deemed significant compared to less variable data and the detection 

of step changes in short (i.e. several decades) datasets requires a larger change 

for the change to be identified as statistically significant (e.g. Chiew and 

McMahon, 1993). As such, because the length of data being analysed here is 

relatively short (i.e. only 30 years) there is a chance that some step changes do 

exist but are not indicated in our results as statistically significant.  
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2. Data 

2.1. Station-based (observed) daily hydroclimatic data 

The station-based (or in situ) hydroclimatic data considered, and where possible used, in 

this study was provided by CCAI and originated from the two sources described in 

Section 2.1.1 and Section 2.1.2. 

2.1.1. Daily precipitation and minimum, maximum and average daily 

temperature prepared by Lutz et al. (2014) 

The Lutz et al. (2014) report describes a preliminary investigation undertaken by CCAI 

that lays the platform for, and outlines what is required in, the future studies needed to 

complement the initial work presented in Lutz et al. (2014). The raw daily precipitation 

and temperature data used by Lutz et al. (2014) was obtained from: (i) the World 

Meteorological Organization (WMO)’s Global Summary of the Day (GSOD) database 

and (ii) MRC’s pre-2006 observational database prepared by CCAI and IKMP in 

collaboration with MCs. At the time the analysis contained in Lutz et al. (2014) was 

conducted, the longest records available for daily precipitation and daily temperature 

within the LMB went back until ~1950 but many gaps and data quality issues existed 

and as such Lutz et al. (2014) focussed on making a consistent, high-quality (i.e. 

“cleared”, which means minimal missing data and implausible values removed) and 

consistently formatted database for a period of 30 years (1981-2010).  

 

The quality checks employed by Lutz et al. (2014) included: 

1) First, observations must exist for at least 10 years out of the 30-year period (1981-

2010) for the record to be considered for inclusion in the “cleared” database. 

2) Flagging and checking for plausibility any maximum daily precipitation values 

greater than 500 mm and average annual precipitation less than 1000 mm or 

greater than 3000 mm. Plausibility is checked by comparing with rain at nearby 

stations. If the entry turns out to be anomalous, data from that day or year is 

considered missing. Daily precipitation values less than 0 mm are also treated as 

missing data. 

3) Flagging and checking for plausibility any annual average temperature values 

3°C higher or lower than the 30-year (1981-2010) average. As with precipitation 

data the plausibility in daily temperature data is also checked by comparing with 

nearby records and anomalous data from that day or year is considered missing. 

4) After the above filtering is conducted, individual years are also checked for 

completeness, with years with more than 50% of observations missing treated as 

missing. The criteria requiring at least 10 years of data out of the 30-year period 

(1981-2010) is then revisited and records failing this test are excluded from the 

“cleared” database. 
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For each Mekong River Basin country, Table 1 shows (on the left) the number of GSOD 

and MRC stations available in the raw “uncleared” daily precipitation and temperature 

data (i.e. data that has not been quality checked) used by Lutz et al. (2014) and (on the 

right) the number of stations remaining after filtering out stations that did not meet the 

quality checks employed by Lutz et al. (2014). The locations of the 119 temperature and 

303 precipitation stations included in the “cleared” database (i.e. after quality checks and 

filtering by Lutz et al. (2014)) are shown in Figure 1.  

Table 1: From Lutz et al. (2014). Number of stations for the “uncleared” and “cleared” 
database specified per country and per data source. 
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Figure 1: From Lutz et al. (2014). Locations of the 119 temperature and 303 precipitation 
and stations (GSOD and MRC) included in the “cleared” database. 

2.1.2. MRCôs updated database of observed daily hydroclimatic data ï 

updated to include extra stations, extra variables, and some pre-1980 

and post-2005 data for precipitation 

As mentioned in Section 2.1.1 (and as shown in Table 1), the MRC observational 

database used by Lutz et al. (2014) was limited to just daily precipitation – and also only 

had reliable raw data for the period 1980-2005 (with values outside this period in the 

final “cleared” database prepared by Lutz et al. (2014) obtained from the GSOD 

database). Some station-based daily temperature, evaporation, humidity and sunshine 

duration data was available but the data varied dramatically in its quality, time period, 

amount missing and locations covered. Lutz et al. (2014) highlighted that significant 

work is required to create a “cleared” list of stations that meet minimum requirements 

for quality and completeness before the station-based daily temperature, evaporation, 

humidity and sunshine duration data could be used in analyses such as that proposed 

here.  

 

Since ~2006, CCAI and IKMP in collaboration with MCs have made a concerted effort to 

address the limitations in MRC’s observational database by expanding the period for 

which observed data is available and by including better quality and more complete and 
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consistent information for hydroclimatic variables other than daily precipitation (e.g. 

minimum and maximum daily temperature, daily evaporation, daily relative humidity, 

daily sunshine duration, etc.). The raw data from MRC’s updated database was supplied 

for use in this study as a supplement to the data prepared by Lutz et al. (2014). An 

adapted version of the Lutz et al. (2014) process of quality checking and filtering, as 

outlined in Section 2.1.1, was also applied to the raw data from MRC’s updated database 

with the resulting “cleared” data merged with the “cleared” precipitation and 

temperature dataset prepared by Lutz et al. (2014) to form the final station-based 

(observed) daily hydroclimatic dataset that was analysed in this study. Further details 

on this, as well as a summary of the raw and final datasets, are included in Section 3.1 

and Section 4.1. 

2.2. Gridded (interpolated or reanalysis) precipitation and temperature 

data 

Numerous gridded data products have been developed to support climate research and 

some gridded data products include parameters that are relevant to water resources 

management (e.g. precipitation, temperature at ground level etc.). Therefore, gridded 

data can sometimes be used to supplement the station-based (in situ) data (see Section 

2.1) and/or to overcome spatial and temporal data gaps in observations. Gridded 

datasets, especially those for temperature and precipitation, can be divided into two 

groups: (i) datasets created using advanced geo-statistical techniques to interpolate 

between existing observational records, and (ii) datasets created using a mixture of 

climate models and observational data (often referred to as reanalysis products).  

 

Lutz et al. (2014) reviewed all available gridded datasets that were relevant to MRC and 

concluded the following:  

1) The CRU TS 3.10.01 dataset is recommended for assessing long-term trends in 

the LMB as it is available from 1901-2009. However, only monthly data is 

included in the CRU TS 3.10.01 dataset so variability and trends at the sub-

monthly time resolution cannot be assessed using this dataset. 

2) The PRINCETON dataset is available at a 3 hourly resolution from 1948-2008 and 

is recommended for assessing trends, variability and changes in hydroclimatic 

variables in the LMB. 

3) The APHRODITE dataset, available at a daily resolution from 1961-2007, 

performs somewhat better than PRINCETON but only offers daily precipitation 

and average daily temperature (i.e. no maximum or minimum daily temperature 

information). APHRODITE was considered by Lutz et al. (2014) as the best data 

product to represent precipitation in the LMB, with particularly good 

performance during the monsoon months (May to November) when most of the 

precipitation occurs in the LMB. Therefore, it is recommended by Lutz et al. 

(2014) that APHRODITE is also used to check the results obtained using 

PRINCETON for daily precipitation and average daily temperature. 
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Appendix A follows the recommendations of Lutz et al. (2014) and, for the 1981-2010 

baseline used by Lutz et al. (2014), compares the CRU (monthly precipitation and 

average temperature), PRINCETON (daily minimum, maximum and average 

temperature) and APHRODITE (daily precipitation) gridded data to interpolations of 

the final “cleared” observed precipitation and temperature datasets (Section 2.1) to gain 

insights into where and when station-based (observed) precipitation and temperature is 

similar or different to the gridded (reanalysis) data. This is necessary to get an indication 

how reliable the gridded (reanalysis) data is and to determine whether it is acceptable to 

use gridded (reanalysis) data for the purpose of mapping historical trends, variability 

and changes identified in LMB or whether interpolated station-based data should be 

used instead (in this report just station-based data is used). Using gridded (reanalysis) 

data in conjunction with geographical information systems (GIS) to illustrate results has 

obvious benefits as it is more efficient and overcomes issues with spatial and temporal 

gaps in the observed data, however, these advantages are offset, and the use of gridded 

(reanalysis) data is potentially flawed, if the gridded (reanalysis) data is inconsistent 

with the observed data (where/when the observed data exists and there is reasonable 

confidence in its reliability). This study focusses on the analysis of historical trends, 

variability and changes in the LMB using station-based (in situ) data. However, the 

comparison between station-based and gridded data provided in Appendix A (and also 

Lutz et al. (2014)), and summarised in Section 4.1, suggests that the CRU, PRINCETON 

and APHRODITE gridded datasets provide reasonable approximations of historical 

precipitation and temperature conditions in the LMB and could, in future studies, be 

used for the purpose of analysing longer-term historical trends, variability and changes 

in LMB hydroclimatic variability.  

 

It is important to note that this study (in Appendix A) and Lutz et al. (2014) only 

compares gridded and station-based data for precipitation and temperature. Gridded 

data also exists for other variables (e.g. evaporation, humidity and sunshine duration) 

but it should not be assumed that just because a certain gridded data product provides 

reasonable approximations of historical precipitation or temperature that it follows that 

the gridded data product also provides reasonable approximations for other 

hydroclimatic variables. If gridded data is to be used then a comparison between the 

various gridded data products that exist and station-based data for the required variable 

needs to be conducted to determine the most appropriate gridded dataset to use. This 

therefore requires a significant improvement in the MRC’s station-based data for 

variables other than daily precipitation or daily temperature (e.g. evaporation, humidity 

and sunshine duration). 

2.3. Tropical storm and typhoon data 

The Joint Typhoon Warning Center (JTWC) maintains an archive of tropical cyclone 

track data, commonly referred to as "best-tracks". Each best-track file contains tropical 

cyclone centre locations and intensities (i.e. the maximum sustained wind, which is the 

highest average wind speed over a 1-minute time span measured at 10 metres above the 
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Earth’s surface anywhere within the tropical cyclone) at six-hour intervals. The 

geographical domain of the archive is the western North Pacific (WP), North Indian 

Ocean (IO) and Southern Hemisphere (SH). In this study we use the JTWC western 

North Pacific (JTWC WP) tropical cyclone track data (www.usno.navy.mil/NOOC/nmfc-

ph/RSS/jtwc/best_tracks/wpindex.php). 

 

Different categories of tropical storms are defined as follows: 

¶ Tropical Storms (TS): maximum 1-minute sustained wind speed 34-54 knots (63-

100 km/h); 

¶ Severe Tropical Storms (STS): maximum 1-minute sustained wind speed 55-71 

knots (101-131 km/h); 

¶ Typhoons (TY): maximum 1-minute sustained wind speed 72-97 knots (132-180 

km/h); 

¶ Super Typhoons (ST): maximum 1-minute sustained wind speed 98-129 knots 

(181-239 km/h); 

¶ Tropical Cyclones (TC): maximum 1-minute sustained wind speed > 130 knots 

(> 240 km/h). 

 

The storm data analysed here is a subset of the raw JTWC WP storms and includes only 

the storms that occurred within a 100 km buffer of the LMB. Storm frequency and 

maximum wind speed data for each storm, the variables required for Indicators 19 

(Number of tropical storms or typhoons that impact LMB per year (and 5-year moving 

average) and 20 (Annual average storm/typhoon intensity) in Table 2, was available 

from 1951-2013. Wind speed measured at 6-hour intervals, the variable required for 

Indicator 21 (Annual Accumulated Cyclone Energy (ACE) index) in Table 2, was 

available from 1977-2010.  

2.4. Indices of large-scale ocean-atmospheric processes known to 

influence the Southeast Asian region where the LMB is located 

Numerous studies have shown that the following large-scale ocean-atmospheric 

processes influence the hydroclimate across Southeast Asia, including the LMB region. 

2.4.1. El Niño/Southern Oscillation (ENSO) 

El Niño/Southern Oscillation (ENSO) refers to coupled ocean-atmosphere variability 

that manifests as abnormal warming (El Niño) and cooling (La Niña) of the tropical 

Pacific Ocean every 2-7 years. In this study the following ENSO indices are used: 

¶ Monthly sea surface temperature (SST) anomalies from the Niño3 (5°N-5°S, 90-

150°W) and Niño3.4 (5°N-5°S, 120-170°W) regions in the Pacific Ocean obtained 

from https://climexp.knmi.nl/; 

¶ Monthly Oceanic Niño Index (ONI) obtained from 

www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.sht

ml; 

http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/wpindex.php
http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/wpindex.php
https://climexp.knmi.nl/
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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¶ Monthly Southern Oscillation Index (SOI) obtained from 

https://climexp.knmi.nl/. 

2.4.2. Indian Ocean Dipole (IOD) 

The Indian Ocean Dipole (IOD) is a coupled ocean-atmosphere climate mode that occurs 

interannually in the tropical parts of the Indian Ocean. Typical of climate oscillations, 

the IOD experiences a ‘positive’ phase and a ‘negative’ phase. During a positive IOD 

event, the SST drops in the northeast Indian Ocean (near the northern coast of Australia 

and Indonesia) while the SST rises in the western equatorial Indian Ocean (near the east 

coast of Africa). Inverse conditions exist during a negative IOD event. In this study the 

following IOD indices are used: 

¶ Monthly SST anomalies from the western (10°S-10°N, 50-70°E) and south eastern 

(10°S-0°, 90-110°E) equatorial Indian Ocean (WIO and EIO respectively) obtained 

from https://climexp.knmi.nl/; 

¶ Monthly Dipole Mode Index (DMI) which is the difference between the WIO and 

EIO obtained from https://climexp.knmi.nl/. 

2.4.3. Seasonal monsoon behaviour 

Wang and Fan (1999) found that the two major convective heat sources that drive the 

Asian summer monsoon (the convection over the Bay of Bengal-India-Arabia Sea and 

that over the South China Sea and Philippine Sea) are poorly correlated on interannual 

timescales and therefore recommend the use of the following two, rather than one, 

indices to quantify the variability of the Asian summer monsoon: 

¶ Western North Pacific monsoon (WNPM) represented by monthly mean zonal 

wind speed at 850 hPa (U850) (averaged over 5-15°N, 100-130°E) minus monthly 

average U850 (averaged over 20-30°N, 110-140°E); 

¶ Indian summer monsoon (ISM) represented by monthly mean zonal wind speed 

at 850 hPa (U850) (averaged over 5-15°N, 40-80°E) minus monthly average U850 

(averaged over 20-30°N, 70-90°E). 

 

Data, and further details, for both the WNPM and ISM indices are available at 

http://apdrc.soest.hawaii.edu/projects/monsoon/definition.html and Wang et al. (2001). 

https://climexp.knmi.nl/
https://climexp.knmi.nl/
https://climexp.knmi.nl/
http://apdrc.soest.hawaii.edu/projects/monsoon/definition.html
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3. Methods and tools 

3.1. Stage 1 – development of a long-term, station-based dataset of 

historical daily hydroclimatic conditions in the LMB 

3.1.1. Aims and expected outputs 

The aim of Stage 1 is to collect and check the quality of the station-based hydroclimatic 

data outlined in Section 2.1 to develop a consistent, long-term, high-quality, station-

based dataset of historical daily hydroclimatic conditions for the LMB that can be used 

in the subsequent analysis conducted in this study (and also in future studies). The final 

dataset will provide a good spatial coverage of the LMB region, will contain records of 

maximum possible completeness and length (covering at least the 30-year period 1981-

2010 that was used by Lutz et al. (2014)), and will enable calculation and analysis of the 

hydroclimate related indicators outlined in Table 2 (i.e. all except those relating to 

tropical storms and typhoons). 

 

Expected outputs: a quality-checked station-based dataset of historical daily 

precipitation, minimum temperature, maximum temperature, evaporation, relative 

humidity and sunshine duration in the LMB that covers at least the period 1981-2010. 

3.1.2. Method 

The method used to develop a long-term, station-based dataset of historical daily 

hydroclimatic conditions in the LMB is similar to that employed by Lutz et al. (2014). For 

each station and variable the steps involved are: 

1) Obtain daily station data from MRC CCAI. 

2) Perform a preliminary check of data availability (i.e. count number of stations 

with available data in each country for each required variable) to get an 

understanding of what data is available where. 

3) For the files where usable data actually exists within the file, reformat the data in 

every data file supplied so that all data files follow the same consistent format so 

as to enable the data to be read in and analysed automatically via computer code 

or script. This reformatting includes the following steps: 

a) merge any duplicate stations (e.g. stations with same latitude and 

longitude but different station names or numbers); 

b) replace any missing data or obvious gaps or errors (e.g. the same value 

repeating for several consecutive days or months) with the value -999.9; 

c) convert latitude and longitude to decimal degrees; 

d) ensure consistent treatment of leap years (i.e. 29th February); 

e) ensure each month has the correct number of days (e.g. no data recorded 

on 31st September or other dates that do not exist); 

f) convert data into the format illustrated in Figure 2. 
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Figure 2: Structure of the data files once they have been reformatted as per Step 3. 

4) Filter the dataset to remove stations that do not have at least 20 years of data 

present in the 1981-2010 period – note that 1981-2010 period was decided on to 

be similar with the Lutz et al. (2014) study and because the preliminary data 

check conducted in Step 2 revealed that very few stations contained data outside 

this period. Lutz et al. (2014) accepted stations with at least 10 years of date over 

the 1981-2010 period, however, a stricter criteria was used here given that long 

(i.e. multidecadal) data records are recommended for analysis of trends, 

variability and changes (e.g. Klein Tank et al., 2009). It is also acknowledge that 

this step may result in the removal of some stations with good data prior to 1981 

but less than 20 years of data after 1981, however, stations without data in the 

most recent decades are not useful for the analysis conducted here as the focus is 

on trends or changes in the most recent decades (this issue is also further 

addressed in Stage 2 (Section 3.2) where the baseline period is defined and Stage 

7 when any stations with large amounts of data 1981 are reconsidered (Section 

3.7)). 

5) Visually check for any obvious erroneous values using scatter plots. Where the 

issue is obvious (e.g. missing decimal point, double entry of a digit etc.) correct 

the error. Where it is unclear what the issue is or what the true value should be 

then treat the value as missing (i.e. give a value of -999.9). 

6) Analyse the data and flag and check the plausibility of any abnormal values (e.g. 

maximum daily precipitation values less than 0 mm or greater than 500 mm, 

average annual precipitation less than 1000 mm, average annual precipitation 

greater than 3000 mm, annual average temperature values 3°C higher or lower 

than the 30-year (1981-2010) average). Plausibility is checked by comparing with 

nearby records. If the entry turns out to be anomalous, data from that day or year 

is considered missing. Implausible values are treated as missing data (i.e. -999.9). 
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7) The dataset is then filtered again to remove any stations that no longer meet the 

criteria of 20 years of data in the 1981-2010 period to leave the “cleared” (i.e. 

consistently formatted and quality-checked) long-term, station-based dataset of 

historical daily hydroclimatic conditions in the LMB. 

8) Days with missing data in the “cleared” dataset are infilled where possible based 

on statistical relationships with nearby stations, or previous and following day if 

only one day missing, to result in the “final cleared and infilled” station-based 

dataset to be used for analysis. Where infilling is not possible (i.e. where there 

are no nearby stations that have reliable data available) then the value is left as 

missing (i.e. -999.9).  

 

As discussed in Section 2.2, Lutz et al. (2014) reviewed all available gridded datasets that 

were relevant to MRC and subsequently developed the best possible LMB specific 

gridded precipitation and temperature datasets. The focus of this study is on analysis of 

“final cleared and infilled” station-based dataset, however, it is known that issues and 

gaps exist with the station-based dataset (even after completing Steps 1-8) and gridded 

data may be one way of addressing those issues. Therefore, we assess the similarities 

and differences between the “final cleared and infilled” station-based dataset and 

gridded data to get some indication of the potential for, in a future study, repeating the 

analysis of historical trends, variability and changes conducted here using the more 

spatially and temporally complete gridded data. For precipitation and temperature (i.e. 

the parameters that exist in both station-based and gridded formats), comparison 

between the station-based and gridded datasets was conducted for the period over 

which the two different data formats overlap (i.e. 1981-2010). This is done by comparing 

the spatially interpolated data (see Appendix A for details on how the spatial 

interpolation was done) from the “final cleared and infilled” station-based dataset 

(developed in Steps 1-8 above) with the relevant gridded dataset (i.e. PRINCETON for 

temperature and APHRODITE for precipitation). Note that due to differences in the two 

data formats (station-based data represents observations at a point while gridded data 

represents conditions averaged over an area) the magnitudes are not expected to match 

exactly. However, the two should be well correlated and locations and times of year 

where agreements or disagreements exist will be identified to provide some insight into 

where and when we do (or do not) have confidence in the station-based or gridded data. 

3.1.3. Analytical tools 

Microsoft Excel, Fortran, MATLAB, Esri ArcGIS, Python. 
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3.2. Stage 2 – defining the baseline period (based on literature review and 

existing practice) 

3.2.1. Aims and expected outputs 

To identify, via literature review and consultation with MRC, the period(s) commonly 

used to represent baseline hydroclimatic conditions in the LMB.  

3.2.2. Method 

The baseline climate period should be a period which captures the range of historical 

variability that has occurred, prior to any detectable influence of anthropogenic change. 

A literature review, along with consultation with MRC, was conducted to establish 

which baseline period(s) have or are being used in MRC activities. The results outline 

the different baseline periods being used (and where possible the reasons why a certain 

baseline period was selected). Using this analysis a common baseline period is defined 

based on the following criteria: 

1) The baseline period should cover at least 20 years (to enable a wide range of 

variability to be captured); 

2) The common baseline period should be consistent with what is used in current 

MRC studies and practice; 

3) Station-based, and if possible gridded, data (as outlined Section 2) must exist for 

as many locations as possible for the whole baseline period for each of the 

variables required to calculate the indicators of hydroclimatic variability in the 

LMB that will be analysed (indicators to be analysed are listed Table 2). 

3.2.3. Analytical tools 

Internet for literature review. 

3.3. Stage 3 – development of time series of indicators of historical 

hydroclimatic and tropical storm/typhoon conditions in the LMB 

3.3.1. Aims and expected outputs 

To produce annual time series of indicators of historical hydroclimatic conditions in the 

LMB (see Table 2). This will be done for the defined baseline period (Section 3.2) and 

longer if possible. Note that the indicators listed in Table 2 were chosen by MRC CCAI 

based on a combination of recommendations (e.g. Klein Tank et al., 2009) as to which 

variables are important for tracking the impacts of climate variability and change and 

constraints regarding variables for which reliable data exists over multiple decades. 

Therefore the list of indicators in Table 2 is not everything that should be analysed, 

rather it is what was possible based on the station-based data that is available.  

 

Expected outputs: annual time series, for the 1981-2010 baseline period and longer if 

possible, of indicators of historical hydroclimatic conditions in the LMB listed in Table 2.  
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Table 2: Indicators of historical hydroclimatic conditions in the LMB. 

 Indicator Unit Parameters used to calculate indicator 

TEMPERATURE 

1 
Highest max. daily temp. per 
year 

°C Daily maximum temperature 

2 
Lowest min. daily temp. per 
year 

°C Daily minimum temperature 

3 
Annual average of daily 
diurnal temp. range 

°C Daily maximum and minimum temperature 

4 
Number of hot days 
(Tmax > 35°C) per year 

days Daily maximum temperature (Tmax) 

5 
Number of cold days 
(Tmax < 35°C) per year 

days Daily maximum temperature (Tmax) 

6 
Number of hot nights 
(Tmin > 25°C) per year 

days Daily minimum temperature (Tmin) 

7 
Number of cold nights 
(Tmin < 25°C) per year 

days Daily minimum temperature (Tmin) 

PRECIPITATION 

8 Total precip. per year  mm Daily precipitation 

9 
1-day maximum precip. per 
year 

mm Daily precipitation 

10 
5-day maximum precip. per 
year 

mm Daily precipitation 

11 
Number of heavy precip. days 
(> 100 mm/day) per year 

days Daily precipitation 

12 
Maximum consecutive dry 
days (< 1 mm/day) per year 

days Daily precipitation 

13 
Maximum consecutive wet 
days (> 1 mm/day) per year 

days Daily precipitation 

14 
Annual Standardised 
Precipitation Index (SPI) 

SPI Normalised annual precipitation totals 

15 
Generalised Monsoon Index 
(GMI) 

% Weighted monthly precipitation totals (June-Sept) 

OTHER METEOROLOGICAL INDICATORS 

16 Total evaporation per year   mm Daily evaporation 

17 
Annual average of daily 
relative humidity 

% Daily relative humidity 

18 
Annual average of daily 
sunshine duration 

hours Daily sunshine duration 

STORMS AND TYPHOONS 

19 

Number of tropical storms or 
typhoons that impact LMB per 
year (and 5-year moving 
average) 

Count 
(i.e. no 
unit) 

Joint Typhoon Warning Centre (JTWC) best track 
data. Done for all storms combined and for each 
storm category: Tropical Storms (TS), Severe 
Tropical Storms (STS), Typhoons (TY), Super 
Typhoons (ST), Tropical Cyclones (TC). 

20 
Annual average 
storm/typhoon intensity 

km/h 
Maximum wind speed of each storm. Done for all 
storms combined and for each storm category. 

21 
Annual Accumulated Cyclone 
Energy (ACE) index 

104 
knots2 

Wind speed measured at 6-hour intervals 
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3.3.2. Method 

For all indicators, the annual time series will be calculated from March to February to (a) 

fit in with the ENSO cycle (ENSO events typically initiate in March/April) and (b) so that 

the wet seasons of Cambodia, Laos, Thailand and Vietnam are captured in the middle of 

the twelve month period defined as a year (i.e. to resemble as closely as possible the 

hydrological year as it is experienced across the LMB). 

 

Data from the “final cleared and infilled” station-based dataset of historical daily 

hydroclimatic conditions in the LMB will be used to calculate and illustrate annual 

(March-February) time series of the indicators relating to temperature, precipitation, 

evaporation, relative humidity and sunshine duration.  

  

The SPI is the number of standard deviations that the observed value deviates from the 

long-term mean of the normalised annual precipitation totals. For SPI (Indicator 14 in 

Table 2), the values indicate the number of standard deviations the precipitation for a 

given time period is away from the long-term mean and should be interpreted as per 

Table 3. 

Table 3: Standardised Precipitation Index (SPI) values and their interpretation. 

SPI value Interpretation 

SPI ≤ -2.0 Extremely Dry 

-2.0 < SPI ≤ -1.5 Severely Dry 

-1.5 < SPI ≤ -1.0 Moderately Dry 

-1.0 < SPI < 1.0 Near Normal 

1.0 ≤ SPI < 1.5 Moderately Wet 

1.5 ≤ SPI < 2.0 Very Wet 

SPI ≥ 2.0 Extremely Wet 

 

The GMI is defined as: GMI = w6P6 + w7P7 + w8P8 + w9P9 where w and P are monthly 

weighting factors and monthly precipitation respectively for June (w6 = 0.125), July (w7 = 

0.125), August (w8 = 0.5) and September (w9 = 0.25). The GMI is then converted to a 

percentage by sorting all GMI values into ascending order and giving each value a rank 

(r). The GMI(%) is then calculated as follows: GMI(%) = r x 100 / (n + 1) when n is the 

total number of years. For GMI (Indicator 15 in Table 2) the values should be interpreted 

as per Table 4. 

Table 4: Generalised Monsoon Index (GMI) values and their interpretation. 

SPI value Interpretation 

GMI ≤ 20% Severe Drought Impact 

20% < GMI ≤ 30% Drought Impact 

30% < GMI ≤ 40% Moderate Drought Impact 

40% < GMI ≤ 60% Normal Crop Condition 

60% < GMI ≤ 90% Possible Above Normal Crop 

90% < GMI ≤ 100% Possible Excessive Moisture 
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For the indicators relating to storms and typhoons the JTWC WP data will be used 

(JTWC WP data is described in Section 2.3). 

3.3.3. Analytical tools 

Microsoft Excel, Fortran, MATLAB. 

3.4. Stage 4 – analyse trends, variability and changes in indicators of 

historical hydroclimatic conditions in the LMB 

3.4.1. Aims and expected outputs 

To analyse historical trends, variability and changes in the temperature, precipitation 

and other climate indicators listed in Table 2. 

 

Expected outputs: tables, plots, maps and explanatory text summarising the results of 

the analysis conducted. 

3.4.2. Method 

Method 1: Exploratory data analysis 

Exploratory data analysis methods were used to assess the temperature, precipitation 

and other climate indicators listed in Table 2 prior to implementing any formal statistical 

tests. Exploratory data analysis methods are simple to implement but also enable 

advanced examination of the data to be undertaken more efficiently (Kundzewicz and 

Robson, 2004). This key step will enable the identification of: 

¶ data issues (e.g. data gaps, outliers or possible inconsistencies with data 

collection); 

¶ data features (e.g. data dependence/independence, distributions); 

¶ possible temporal patterns (e.g. trends, step-changes and timing of these 

changes, key periodicities); 

¶ possible spatial patterns.  

 

Exploratory data analysis methods employed will include plotting graphs showing 

annual time series of (i) the cumulative annual residuals (i.e. value minus average) for 

each indicator across the 1981-2010 baseline period and (ii) boxplots showing the 

distribution of each indicator during three different climate epochs within the 1981-2010 

baseline period. Trends, variability and/or step changes identified using exploratory 

data analyses will then be verified via more formal statistical methods as outlined in 

Methods 2-4. This is necessary as when relying purely on graphical methods it is not 

always easy to distinguish real changes from random fluctuations (e.g. Buishand, 1982). 

Statistical methods will therefore also be employed. 

 

Method 2: Trend analysis 
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Trend analysis involves detecting gradual changes in any aspect of the data such as the 

mean, median, variance or autocorrelation. The following trend detection methods will 

be used: 

¶ Linear regression using the regression gradient to determine if a trend exists. 

This basic method typically assumes that data is normally distributed and there 

are no thresholds for determining whether the regression gradient indicates a 

significant (p-value < 0.05)/non-significant trend. The null hypothesis is that there 

is no trend (i.e. the slope of the regression line is zero). 

¶ Spearman’s rho is a non-parametric, rank-based correlation test used to test the 

correlation between time and a data series. The null hypothesis is that there is no 

correlation between the two variables being tested (i.e. there is no association 

between time and the indicator being investigated which implies there is no 

trend) and this is rejected if the p-value is less than 0.05. 

 

Method 3: Test whether the early part of the baseline period is statistically significantly 

different to the end of the baseline period 

The early part of the baseline period (e.g. 1981-1990) was compared to the later part of 

the baseline period (e.g. 2001-2010) to determine whether any significant change has 

occurred (p-value < 0.05 indicates significance). The following two statistical tests were 

used: 

¶ Student’s t-test is a standard parametric test for testing whether two samples 

have different distributions. This could be applied to data prior to and following 

an assumed change point. The Student’s t-test assumes normally distributed and 

in this case the null hypothesis is that the means and variances of the two epochs 

being tested are equal. 

¶ The two sample Kolmogorov-Smirnov (KS) test is used to test the null 

hypothesis that two samples (e.g. indicators from 1981-1990 and 2001-2010) come 

from the same distribution. If the null hypothesis is rejected it indicates that a 

statistically significant change has occurred. 

 

Method 4: Analysis of step changes (or break points) 

Examining data for step changes determines whether sudden and abrupt changes have 

occurred in contrast to trends that occur gradually over time. The Mann-Whitney U test 

(also called the Mann-Whitney-Wilcoxon test, Wilcoxon rank-sum test, or Wilcoxon-

Mann-Whitney test) was used to objectively identify step changes (i.e. to verify any 

preliminary insights into step changes that emerge from the exploratory data analysis 

performed in Method 1). The Mann-Whitney U test is a non-parametric, rank-based test 

of the null hypothesis that two samples come from the same population (or distribution) 

against an alternative hypothesis that they do not (e.g. one sample tends to have larger 

values than the other and hence indicates that a step change has occurred).  

 

To determine the timing and statistical significance of possible step changes in the 

indicators a 20-year moving window was used (1981-2000, 1982-2001, 1983-2002 etc.) 
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and the null hypothesis was that the first 10 years of data was not significantly different 

from the second 10 years of data. For each 20-year window if a statistically significant 

difference (i.e. p value < 0.05) in the medians of the first and second halves of the 20-year 

window was found then a step change (or climate shift) was considered to have 

occurred in the 10th year of that 20-year window. 

 

The Mann-Whitney U test does not require an assumption that the data to be analysed 

follows a normal distribution and both are also robust to changes in distributional form. 

This is important when analysing time series such as the indicators required here, since 

hydroclimatic data is usually not normally distributed and the multiple different 

indicators being investigated likely follow a variety of distributions. It is also 

particularly appropriate not to make any assumptions about the statistical distributions 

of the data being analysed given the small number of years involved (i.e. only 10 years 

in each half of the 20-year moving window) (Kundzewicz and Robson, 2004). In this 

study we just perform the Mann-Whitney U test for step changes on two indicators 

(Indicator 1 and Indicator 8) as the break points identified for Indicator 1 (Indicator 8) 

will be similar for all temperature (precipitation) related indicators. 

 

Also important to note is that when testing for step changes in hydroclimatic data, the 

significance of the change is dependent on the variability within the data and the 

variability within the data is strongly influenced by the length of the data record. For 

example, highly variable data will need to exhibit a larger change to be deemed 

significant compared to less variable data and the detection of step changes in short (i.e. 

several decades) datasets requires a larger change for the change to be identified as 

statistically significant (e.g. Chiew and McMahon, 1993). As such, because the length of 

data being analysed here is relatively short (i.e. only 30 years) there is a chance that 

some step changes do exist but are not indicated in our results as statistically significant.  

3.4.3. Analytical tools 

Microsoft Excel, Fortran, MATLAB, Esri ArcGIS. 

3.5. Stage 5 – analyse historical trends, variability and changes in the 

frequency and intensity of tropical storms and typhoons relevant to 

the LMB 

3.5.1. Aims and expected outputs 

To analyse historical trends, variability and changes in the frequency and intensity of 

tropical storms and typhoons relevant to the LMB. 

 

Expected outputs: tables, plots, maps and explanatory text summarising the results of 

the analysis conducted. 
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3.5.2. Method 

As per Section 3.4.2 but for the tropical storm and typhoon indicators listed in Table 2 

(indicators 19, 20, 21). 

3.5.3. Analytical tools 

Microsoft Excel, Fortran, MATLAB, Esri ArcGIS. 

3.6. Stage 6 – investigate relationships between selected indicators of 

historical hydroclimatic conditions in the LMB and large-scale ocean-

atmospheric processes known to influence Southeast Asia 

3.6.1. Aims and expected outputs 

To investigate relationships between hydroclimatic trends, variability and changes in the 

LMB (including the frequency of typhoons) and large-scale ocean-atmospheric processes 

known to influence the Southeast Asian region. 

 

Expected outputs: tables, plots, maps and explanatory text summarising the results of 

the analysis conducted. 

3.6.2. Method 

Monthly anomalies from the 1981-2010 mean are calculated for the indices representing 

large-scale ocean-atmosphere processes known to influence Southeast Asia (see Section 

2.4 for details about the indices used). 

 

Then, as proof of concept, the following analysis will be conducted for Indicator 1 

(highest maximum daily temperature per year) and Indicator 8 (total precipitation per 

year): 

¶ quantification of the linear relationship (i.e. correlation) with the monthly 

anomalies of the nine indices of large-scale ocean-atmospheric processes (see 

Section 2.4); 

¶ investigation into whether the indicator distributions are different during 

extreme phases of the large-scale ocean-atmospheric processes (e.g. is rainfall 

during El Niño years different to rainfall during La Niña years, and if so how?). 

This investigation follows the methodology of Kiem and Franks (2001) and Tozer 

et al. (2014) where the indicator is stratified into three categories defined based 

on whether the relevant large-scale ocean-atmospheric index is in its positive, 

negative or neutral phase. The phase is defined as positive (negative) if the 

monthly index anomaly is greater (less) than the 1981-2010 mean plus (minus) 

half a standard deviation. Years where the monthly index anomaly is within half 

a standard deviation of the mean are classed as neutral. The positive and 

negative distributions are then compared using a Student’s t-test to determine 

whether there is any significant difference (p-value < 0.05) between the 
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hydroclimatic conditions in the LMB during extreme phases of ENSO, IOD, 

WNPM or ISM. 

3.6.3. Analytical tools 

Microsoft Excel, Fortran, MATLAB, Esri ArcGIS. 

3.7. Stage 7 – analyse the representativeness of the established baseline 

period (from Stage 2) in accurately capturing trends, variability and 

changes in historical hydroclimatic conditions in the LMB 

3.7.1. Aims and expected outputs 

To analyse the representativeness of the established baseline period (from Stage 2) in 

accurately capturing trends, variability and changes in historical hydroclimatic 

conditions in the LMB. 

 

Expected outputs: tables, plots, maps and explanatory text summarising the results of 

the analysis conducted. 

3.7.2. Method 

All previous analysis is conducted only on the baseline period (i.e. at least 20 years and 

as per the other criteria outlined in Section 3.2.2). The analysis conducted in Stage 1 (as 

described in Section 3.1) to develop a long-term, station-based dataset of historical daily 

hydroclimatic conditions in the LMB focused primarily on “clearing and infilling” data 

post-1981 (as that is when the majority of the observed station-based data is available 

and also to be consistent with Lutz et al. (2014)). However, some reports (e.g. MRC, 

2014) suggest that there are a few stations that have reasonable data, for daily 

temperature and precipitation, for up to (and sometimes more than) 50 years. Attempts 

will be made to locate, clean and infill data from the locations indicated in MRC (2014) 

as having 50 years or more of data. Then, for the locations where reasonable pre-1981 

data exists, comparisons will be made between the pre- and post-1981 maximum 

temperature, minimum temperature and precipitation data (as well as comparing the 

long-term (i.e. pre- and post-1981) time series with the 20 year baseline period 

determined in Stage 2). This will allow the selected baseline period to be put into context 

and give some insight into the representativeness of the baseline period (from Stage 2) in 

accurately capturing trends, variability and changes in historical hydroclimatic 

conditions in the LMB. 

3.7.3. Analytical tools 

Microsoft Excel, Fortran. 
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4. Results 

4.1. Stage 1 – development of a long-term, station-based dataset of 

historical daily hydroclimatic conditions in the LMB 

4.1.1. Development of ñfinal cleared and infilledò station-based dataset 

The development of the “final cleared and infilled” station-based dataset was 

problematic and extremely time consuming because the quality of the raw station-based 

data supplied was very poor and the formats the data was supplied in was different for 

different countries, variables and data sources. This inconsistent formatting meant it was 

impossible to automatically read, check and correct the data using programming code or 

software (e.g. Fortran, R, Excel). Therefore, each data file had to be manually opened 

and rearranged into a consistent format so that quality checking, filtering and infilling 

could be conducted. Some common issues experienced are summarised in Table 5.   

 

Table 6 demonstrates the poor quality of the station-based data supplied, with only 19% 

of temperature stations, 17% of precipitation stations and no evaporation, relative 

humidity or sunshine duration data passing the quality checks and filtering described in 

Section 3.1.2. Nevertheless, the recent efforts to improve the observational database (see 

Section 2.1.2) have been worthwhile given the increase in good quality daily 

temperature data compared with the dataset produced by Lutz et al. (2014) (i.e. compare 

Table 6 with Table 1). The number of good quality precipitation stations has not 

increased from what Lutz et al. (2014) prepared, however, the precipitation dataset 

prepared here now goes beyond 2010 and is also more temporally complete. 

 

Figure 3 illustrates the spatial distributions of the temperature and precipitation stations 

included in the station-based dataset developed in this study. Apart from Thailand and 

some of Vietnam, the spatial coverage of “final cleared and infilled” station-based data 

within the LMB is very limited.  

 

The “clearing and infilling” conducted here was the best that could be done with the 

time and data available. However, there is still a lot more work that needs to be done to 

improve and extend the station-based dataset of historical daily hydroclimatic 

conditions in the LMB. This is especially the case for evaporation, relative humidity and 

sunshine duration data and also for pre-1981 temperature and precipitation. It is 

strongly recommended that the issues with the raw observational data be further 

investigated and addressed urgently. At the very least the observational data collected 

and/or supplied by each MC and by the various MRC programs should have consistent 

formatting as well as consistent station location information (e.g. names, identification 

numbers, latitude and longitude etc.). This will require a lot of effort but significant 



Page 44 

improvements in the spatial and temporal coverage of reliable observed data is essential 

for understanding, quantifying and adapting to current and future hydroclimatic risk.  

Table 5: Common issues encountered with format of raw station-based data provided by 
MRC CCAI and IKMP. 

Country Description of the issue 

Cambodia 

• Lots of date errors – data entered on dates that do not exist (e.g. 31st September). 
• Lots of missing data (sometimes replaced with zero). 
• Repeating years and months within the same file (i.e. station) sometimes with the 

same data values but sometimes with different data values. 
• Some years and months with the same values for the entire year or month. 

Laos 

• Majority of actual recorded data had few abnormalities, however, the layout and 
organisation of the raw data was different to the other countries and also 
inconsistent within Laos (from station to station and variable to variable) 
• Many stations had no location information (latitude and longitude) – this makes it 

difficult to check for plausible values and infill missing data as hard to determine 
what the nearby stations are. Also prevents mapping of data in GIS. 
• Data for the same station/variable contained in multiple different folders 

(sometimes the overlapping data was consistent but sometimes it was not which 
raises questions as to which data is correct). 
• Missing values in the original data had ‘Missing data’ written in them, so this had 

to be deleted manually and replaced with a number (-999.9).  
• Large sections of data were sometimes found which were completely out of order, 

for example, the number of days in each month did not match with the month the 
data was supposed to be for (e.g. Oudomxai had ~2.5 years of data that had to be 
deleted and replaced with ‘-999.9’ as the months were not in the correct order and 
it was impossible to tell which years/months the data values were actually from).  

Thailand 

• Some data files or spreadsheets had 2-3 stations on each, listed one after the 
other with no separation between and no documentation explaining this. This was 
confusing and meant large sections of data needed to be extracted manually and 
inserted into a separate file (one file or spreadsheet per station).  
• Large sections of data were missing for all stations but they were just left blank. 

Microsoft Excel was used to find and replace the blanks with -999.9 but because 
there was so much data missing this took a very long time and Microsoft Excel 
would often crash in the middle of the task. It was not possible to use software 
other than Microsoft Excel (i.e. something more powerful and faster) as the format 
of the data was inconsistent making it incompatible with Fortran, MATLAB, R etc. 

Vietnam 

• Lots of date errors – data entered on dates that do not exist (e.g. 31st September). 
• Inconsistent errors at the same locations – with the errors and formatting issues 

being different for each variable. 
• Repeating years and months within the same file (i.e. station) sometimes with the 

same data values but sometimes with different data values. 
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Table 6: Number of stations, per Member Country and per variable, for the raw station-
based data provided by MRC CCAI and IKMP and the “final cleared and infilled” dataset. 

Variable Country 
# stations in raw 

data supplied 
# stations with 

actual data 

# stations in 
"final cleared and 
infilled" dataset 

Daily TMAX 
& TMIN 

Cambodia 21 11 5 

Laos 39 28 3 

Thailand 45 25 20 

Vietnam 79 39 7 

Total 184 103 35 

Daily PREC 

Cambodia 323 278 6 

Laos 195 162 12 

Thailand 301 166 118 

Vietnam 210 96 35 

Total 1029 702 171 

Daily EVAP 

Cambodia 47 4 0 

Laos 39 35 0 

Thailand 66 25 0 

Vietnam 105 39 0 

Total 257 103 0 

Daily REL. 
HUMIDITY 

Cambodia 13 6 0 

Laos 39 16 0 

Thailand 60 25 0 

Vietnam 79 39 0 

Total 191 86 0 

Daily SUN 
DURATION 

Cambodia 7 3 0 

Laos 38 19 0 

Thailand 27 25 0 

Vietnam 79 39 0 

Total 151 86 0 

 

 



Page 46 

 
Figure 3: Spatial distribution of temperature (left) and precipitation (right) stations 
included in the “final cleared and infilled” station-based dataset. 

4.1.2. Comparison of temperature and precipitation from the ñfinal cleared 

and infilledò station-based dataset with the relevant gridded data 

Figure 4, Figure 5 and Figure 6 (as well as further results shown in Appendix A) 

illustrate, annually and for four months of the year, the similarities and differences 

between the “final cleared and infilled” station-based dataset and gridded data (i.e. 

PRINCETON for temperature and APHRODITE for precipitation).  

 

In the figures below (Figure 4, Figure 5, Figure 6) the percentage differences are 

calculated as follows: 

 

Ϸ ὨὭὪὪὩὶὩὲὧὩρππ
ὫὶὭὨὨὩὨίὸὥὸὭέὲ

ίὸὥὸὭέὲ
 

 

Therefore a positive (negative) difference indicates the gridded data overestimates 

(underestimates) the station-based data. 

 

Figure 4 and Figure 5 suggest that in most cases the gridded temperature data 

(PRINCETON) is a reasonable approximation of reality in the LMB, though the gridded 
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data does appear to underestimate the variability in maximum and minimum daily 

temperatures. Note that the largest differences between the interpolated station-based 

data and the gridded data occur in areas where there is limited station data available 

suggesting that it may not be that the gridded data is unrealistic and instead that the 

interpolated values based on station data are unreliable as the nearest stations are such a 

long way away – emphasising the point made in the previous section about how critical 

it is to have a good spatial and temporal coverage of reliable observational data.  

 

Figure 6 shows that the differences between gridded data (APHRODITE) and 

interpolated station-based data are much larger for precipitation than they are for 

temperature. It is uncertain whether it is the station-based precipitation data or the 

gridded precipitation data that is most realistic. However, given that, as with 

temperature data, the areas with the largest differences are the areas with the least 

amount of stations it is strongly suspected that the differences are due to unreliable 

spatial interpolations in areas with sparse station-based information.  

 

Further investigation is recommended into the reliability and accuracy of gridded data 

for the LMB, however, the results shown in Figure 4, Figure 5 and Figure 6 (as well as 

further results shown in Appendix A) indicate that consideration should be given to 

using gridded data to better understand, quantify and adapt to current and future 

hydroclimatic risk in the LMB. Even if the accuracy of the gridded data is questionable 

for some locations and variables, there are techniques that can be used to mitigate these 

issues (e.g. bias correction, cross-validation across multiple gridded and observed 

datasets etc.). Also, the weaknesses and limitations of using gridded data (e.g. Tozer et 

al., 2012) are to a large degree outweighed by the positives associated with the temporal 

and spatial completeness of gridded data and the ability to do long-term analysis (e.g. 

using gridded datasets like the CRU TS 3.10.01 which is available from 1901-2009 (see 

Section 2.2 an Lutz et al. (2014) for further details)). Gridded data also represents an 

opportunity to solve the problem of having no evaporation, relative humidity or 

sunshine duration stations that passed the quality checks and filtering described in 

Section 3.1.2.  
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Figure 4: The percentage difference between PRINCETON and station-based maximum 
daily temperature means (left) and standard deviations (right) for the LMB at annual and 
monthly timescales. 

 



Page 49 

 
Figure 5: The percentage difference between PRINCETON and station-based minimum 
daily temperature means (left) and standard deviations (right) for the LMB at annual and 
monthly timescales. 
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Figure 6: The percentage difference between APHRODITE and station-based rainfall 
means (left) and standard deviations (right) for the LMB at annual and monthly timescales. 
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4.2. Stage 2 – defining the baseline period (based on literature review and 

existing practice) 

Table 7 shows the different baselines that have been used in recent LMB related studies. 

In this study the baseline period is defined as 1981-2010. 

Table 7: Summary of different baselines that have been used in recent LMB related 
studies. 

Baseline period References 

1000-2010 MRC (2011) 

1981-2010 Lutz et al. (2014) 

1986-2005 Kiem (2015) 

1985-2008 Green et al. (2015) 

4.3. Stage 3 – develop time series of indicators of historical hydroclimatic 

and tropical storm/typhoon conditions in the LMB 

The figures contained in Section 4.3 show the annual time series (for the 1981-2010 

baseline period) of indicators of historical hydroclimatic and tropical storm/typhoon 

conditions in the LMB (as listed in Table 2). The results for only one station for each 

indicator are included in this report, with results for all other stations supplied in the 

Supplementary Material as per the details given in Appendix C.  

 

The time series plots produced in Stage 3 for each indicator and station allow an initial 

visualisation of the behaviour of the various indicators over time and enable a 

qualitative assessment to be made as to the existence or not of any trends, variability or 

changes.  

 

The results from the more rigorous statistical analysis of the existence or not of any 

trends, variability or changes are presented in Section 4.4 and Section 4.5.  
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4.3.1. Temperature 

 
Figure 7: Time series of highest maximum daily temperature in each year (Indicator 1 from 
Table 2) as well as the 5-year moving average, for one example station. 
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Figure 8: Time series of lowest minimum daily temperature in each year (Indicator 2 from 
Table 2) as well as the 5-year moving average, for one example station. 
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Figure 9: Time series of annual average of the daily diurnal temperature range (Indicator 3 
from Table 2) as well as the 5-year moving average, for one example station. 
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Figure 10: Time series of number of hot days (maximum daily temperature > 35°C) per year 

(Indicator 4 from Table 2) as well as the 5-year moving average, for one example station. 



Page 56 

 
Figure 11: Time series of number of cold days (maximum daily temperature < 35°C) per 

year (Indicator 5 from Table 2) as well as the 5-year moving average, for one example 
station. 
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Figure 12: Time series of number of hot nights (minimum daily temperature > 25°C) per 

year (Indicator 6 from Table 2) as well as the 5-year moving average, for one example 
station. 
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Figure 13: Time series of number of cold nights (minimum daily temperature < 25°C) per 

year (Indicator 7 from Table 2) as well as the 5-year moving average, for one example 
station. 
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4.3.2. Precipitation 

 
Figure 14: Time series of total precipitation per year (Indicator 8 from Table 2) as well as 
the 5-year moving average, for one example station. 
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Figure 15: Time series of 1-day maximum precipitation per year (Indicator 9 from Table 2) 
as well as the 5-year moving average, for one example station. 
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Figure 16: Time series of 5-day maximum precipitation per year (Indicator 10 from Table 2) 
as well as the 5-year moving average, for one example station. 
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Figure 17: Time series of number of heavy precipitation days (> 100 mm/day) per year 
(Indicator 11 from Table 2) as well as the 5-year moving average, for one example station. 
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Figure 18: Time series of maximum consecutive dry days (< 1 mm/day) per year (Indicator 
12 from Table 2) as well as the 5-year moving average, for one example station. 
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Figure 19: Time series of maximum consecutive wet days (> 1 mm/day) per year (Indicator 
13 from Table 2) as well as the 5-year moving average, for one example station. 
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Figure 20: Time series of annual Standardised Precipitation Index (SPI) (Indicator 14 from 
Table 2) as well as the 5-year moving average, for one example station. 
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Figure 21: Time series of Generalised Monsoon Index (GMI) (Indicator 15 from Table 2) as 
well as the 5-year moving average, for one example station. 

4.3.3. Evaporation 

As per the results from Stage 1 (Section 4.1.1 and Table 6) there was not enough reliable 

observed daily data to conduct time series or trend analysis on indicators related to 

evaporation (i.e. indicator 16 from Table 2). 

4.3.4. Relative humidity 

As per the results from Stage 1 (Section 4.1.1 and Table 6) there was not enough reliable 

observed daily data to conduct time series or trend analysis on indicators related to 

relative humidity (i.e. indicator 17 from Table 2). 

4.3.5. Sunshine duration 

As per the results from Stage 1 (Section 4.1.1 and Table 6) there was not enough reliable 

observed daily data to conduct time series or trend analysis on indicators related to 

sunshine duration (i.e. indicator 18 from Table 2). 
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4.3.6. Tropical storms and typhoons 

 
Figure 22: Number of storms or typhoons that impact LMB per year (Indicator 19 from 
Table 2) as well as the 5-year moving average. The plot on the top left shows the result for 
storms of any category and the other plots show the result in each specific storm category 
(where the categories are defined in Section 2.3 and noting that no Super Typhoons (ST) 
or Tropical Cyclones (TC) were observed to have impacted LMB in the analysis period). 
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Figure 23: Annual average storm/typhoon intensity (Indicator 20 from Table 2) as well as 
the 5-year moving average. The plot on the top left shows the result for storms of any 
category and the other plots show the result in each specific storm category (where the 
categories are defined in Section 2.3 and noting that no Super Typhoons (ST) or Tropical 
Cyclones (TC) were observed to have impacted LMB in the analysis period). 

 
Figure 24: Annual Accumulated Cyclone Energy (ACE) index (Indicator 21 from Table 2) as 
well as the 5-year moving average. 



Page 69 

4.4. Stage 4 – analyse trends, variability and changes in indicators of 

historical hydroclimatic conditions in the LMB 

4.4.1. Method 1: Exploratory data analysis 

The figures contained in Section 4.4.1 show (i) the cumulative annual residuals for each 

temperature and precipitation related indicator (i.e. Indicators 1-15) across the 1981-2010 

baseline period and (ii) boxplots showing the distribution of each temperature and 

precipitation related indicator during three different climate epochs within the 1981-

2010 baseline period. The results for only one station for each indicator are included in 

this report, with results for all other stations supplied in the Supplementary Material as 

per the details given in Appendix C.  

 

For the cumulative residual plots a positive (negative) gradient indicates a period of 

above (below) average conditions and the timing of a change from wetter to drier (or 

hotter to cooler) conditions is indicated by the year at which the slope on the cumulative 

residual plot changes from a positive slope to a negative slope (or vice versa). 

 

For the boxplots, to investigate and visualise variability within the 1981-2010 baseline 

period the distribution of each temperature and precipitation related indicator (i.e. 

Indicators 1-15) during three different climate epochs (1981-1990, 1991-2000, 2001-2010) 

is shown. If the boxes for all three epochs are similar this indicates that not much has 

changed over that 30 year period. If the boxes for one or more of the three epochs are 

different this indicates that significant interannual to multidecadal variability or trends 

exist within the 1981-2010 baseline period. 
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Figure 25: Cumulative residuals of the highest maximum daily temperature in each year 
(Indicator 1 from Table 2), for one example station. 
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Figure 26: Cumulative residuals of the lowest minimum daily temperature in each year 
(Indicator 2 from Table 2), for one example station. 
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Figure 27: Cumulative residuals of the annual average of the daily diurnal temperature 
range (Indicator 3 from Table 2), for one example station. 
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Figure 28: Cumulative residuals of the number of hot days (maximum daily temperature > 

35°C) per year (Indicator 4 from Table 2), for one example station. 
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Figure 29: Cumulative residuals of the number of cold days (maximum daily temperature < 

35°C) per year (Indicator 5 from Table 2). 
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Figure 30: Cumulative residuals of the number of hot nights (minimum daily temperature > 

25°C) per year (Indicator 6 from Table 2). 
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Figure 31: Cumulative residuals of the number of cold nights (minimum daily temperature 

< 25°C) per year (Indicator 7 from Table 2). 
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Figure 32: Cumulative residuals of the total precipitation per year (Indicator 8 from Table 
2). 
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Figure 33: Cumulative residuals of the 1-day maximum precipitation per year (Indicator 9 
from Table 2). 
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Figure 34: Cumulative residuals of the 5-day maximum precipitation per year (Indicator 10 
from Table 2). 
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Figure 35: Cumulative residuals of the number of heavy precipitation days (> 100 mm/day) 
per year (Indicator 11 from Table 2). 
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Figure 36: Cumulative residuals of the maximum consecutive dry days (< 1 mm/day) per 
year (Indicator 12 from Table 2). 
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Figure 37: Cumulative residuals of the maximum consecutive wet days (> 1 mm/day) per 
year (Indicator 13 from Table 2). 
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Figure 38: Cumulative residuals of the annual Standardised Precipitation Index (SPI) 
(Indicator 14 from Table 2). 
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Figure 39: Cumulative residuals of the Generalised Monsoon Index (GMI) (Indicator 15 
from Table 2). 
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Figure 40: Boxplots showing the distribution of the highest maximum daily temperature in 
each year (Indicator 1 from Table 2) during three different climate epochs within the 1981-
2010 baseline period. 
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Figure 41: Boxplots showing the distribution of the lowest minimum daily temperature in 
each year (Indicator 2 from Table 2) during three different climate epochs within the 1981-
2010 baseline period. 
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Figure 42: Boxplots showing the distribution of the annual average of the daily diurnal 
temperature range (Indicator 3 from Table 2) during three different climate epochs within 
the 1981-2010 baseline period. 
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Figure 43: Boxplots showing the distribution of the number of hot days (maximum daily 

temperature > 35°C) per year (Indicator 4 from Table 2) during three different climate 

epochs within the 1981-2010 baseline period. 
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Figure 44: Boxplots showing the distribution of the number of cold days (maximum daily 

temperature < 35°C) per year (Indicator 5 from Table 2) during three different climate 

epochs within the 1981-2010 baseline period. 
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Figure 45: Boxplots showing the distribution of the number of hot nights (minimum daily 

temperature > 25°C) per year (Indicator 6 from Table 2) during three different climate 

epochs within the 1981-2010 baseline period. 
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Figure 46: Boxplots showing the distribution of the number of cold nights (minimum daily 

temperature < 25°C) per year (Indicator 7 from Table 2) during three different climate 

epochs within the 1981-2010 baseline period. 



Page 92 

 
Figure 47: Boxplots showing the distribution of the total precipitation per year (Indicator 8 
from Table 2) during three different climate epochs within the 1981-2010 baseline period. 
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Figure 48: Boxplots showing the distribution of the 1-day maximum precipitation per year 
(Indicator 9 from Table 2) during three different climate epochs within the 1981-2010 
baseline period. 
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Figure 49: Boxplots showing the distribution of the 5-day maximum precipitation per year 
(Indicator 10 from Table 2) during three different climate epochs within the 1981-2010 
baseline period. 
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Figure 50: Boxplots showing the distribution of the number of heavy precipitation days (> 
100 mm/day) per year (Indicator 11 from Table 2) during three different climate epochs 
within the 1981-2010 baseline period. 
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Figure 51: Boxplots showing the distribution of the maximum consecutive dry days (< 1 
mm/day) per year (Indicator 12 from Table 2) during three different climate epochs within 
the 1981-2010 baseline period. 
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Figure 52: Boxplots showing the distribution of the maximum consecutive wet days (> 1 
mm/day) per year (Indicator 13 from Table 2) during three different climate epochs within 
the 1981-2010 baseline period. 
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Figure 53: Boxplots showing the distribution of the annual Standardised Precipitation 
Index (SPI) (Indicator 14 from Table 2) during three different climate epochs within the 
1981-2010 baseline period. 
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Figure 54: Boxplots showing the distribution of the Generalised Monsoon Index (GMI) 
(Indicator 15 from Table 2) during three different climate epochs within the 1981-2010 
baseline period. 
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4.4.2. Method 2: Trend analysis 

Table 8 shows the number of stations, per Member Country, with statistically significant 

(p-value < 0.05) trends for each temperature related indicator. 

Table 8: Number of stations, per Member Country, with statistically significant (p-value < 
0.05) trends for each temperature related indicator. 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations showing a statistically significant 
trend based on: 

Linear regression Spearman’s Rho 

Indicator 1 
– highest 
TMAX per 
year 

Cambodia 5 1 1 

Laos 3 3 1 

Thailand 20 8 3 

Vietnam 7 6 5 

Total 35 18 10 

Indicator 2 
– lowest 
TMIN per 
year 

Cambodia 5 1 2 

Laos 3 0 0 

Thailand 20 12 14 

Vietnam 7 3 3 

Total 35 16 19 

Indicator 3 
– annual 
ave. 
diurnal 
temp 

Cambodia 5 1 1 

Laos 3 0 1 

Thailand 20 10 9 

Vietnam 7 5 6 

Total 35 16 17 

Indicator 4 
– number 
of hot 
days 

Cambodia 5 0 0 

Laos 3 0 0 

Thailand 20 3 3 

Vietnam 7 4 5 

Total 35 7 8 

Indicator 5 
– number 
of cold 
days 

Cambodia 5 4 2 

Laos 3 1 1 

Thailand 20 5 4 

Vietnam 7 3 5 

Total 35 13 12 

Indicator 6 
– number 
of hot 
nights 

Cambodia 5 3 3 

Laos 3 1 1 

Thailand 20 8 7 

Vietnam 7 4 5 

Total 35 16 16 

Indicator 7 
– number 
of cold 
nights 

Cambodia 5 3 3 

Laos 3 1 1 

Thailand 20 8 6 

Vietnam 7 6 5 

Total 35 18 15 

 

For Figure 55 to Figure 61, the map on the left shows the slope of the trend and the map 

on the right shows the strength of the correlation between the indicator and time. For 

Figure 55 to Figure 61 red indicates a significant “warming” trend and blue indicates a 
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significant “cooling” trend. Grey dots indicate locations where no significant trend exists 

(at p-value < 0.05 level). 

 

 
Figure 55: Results of statistical tests for linear trends in the highest maximum daily 
temperature in each year (Indicator 1 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right).  

 
Figure 56: Results of statistical tests for linear trends in the lowest minimum daily 
temperature in each year (Indicator 2 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right).  
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Figure 57: Results of statistical tests for linear trends in the annual average of the daily 
diurnal temperature range (Indicator 3 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right).  

 
Figure 58: Results of statistical tests for linear trends in the number of hot days (maximum 

daily temperature > 35°C) per year (Indicator 4 from Table 2) – linear regression test results 

(left) and Spearman’s rho rank-based correlation test results (right). 
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Figure 59: Results of statistical tests for linear trends in the number of cold days 

(maximum daily temperature < 35°C) per year (Indicator 5 from Table 2) – linear regression 

test results (left) and Spearman’s rho rank-based correlation test results (right). 

 
Figure 60: Results of statistical tests for linear trends in the number of hot nights 

(minimum daily temperature > 25°C) per year (Indicator 6 from Table 2) – linear regression 

test results (left) and Spearman’s rho rank-based correlation test results (right). 
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Figure 61: Results of statistical tests for linear trends in the number of cold nights 

(minimum daily temperature < 25°C) per year (Indicator 7 from Table 2) – linear regression 

test results (left) and Spearman’s rho rank-based correlation test results (right). 

 

Table 9 shows the number of stations, per Member Country, with statistically significant 

(p-value < 0.05) trends for each precipitation related indicator. 
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Table 9: Number of stations, per Member Country, with statistically significant (p-value < 
0.05) trends for each precipitation related indicator. 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations showing a statistically significant 
trend based on: 

Linear regression Spearman’s Rho 

Indicator 8 
– total 
PREC per 
year 

Cambodia 6 5 4 

Laos 12 2 2 

Thailand 118 55 54 

Vietnam 35 1 2 

Total 171 63 62 

Indicator 9 
– 1-day 
maximum 
PREC per 
year 

Cambodia 6 5 4 

Laos 12 3 5 

Thailand 118 35 35 

Vietnam 35 4 9 

Total 171 47 53 

Indicator 
10 – 5-day 
maximum 
PREC per 
year 

Cambodia 6 5 4 

Laos 12 0 1 

Thailand 118 34 36 

Vietnam 35 1 3 

Total 171 40 44 

Indicator 
11 – 
number of 
heavy 
PREC 
days 

Cambodia 6 0 0 

Laos 12 3 4 

Thailand 118 22 22 

Vietnam 35 14 15 

Total 171 39 41 

Indicator 
12 – 
maximum 
consecuti
ve dry 
days 

Cambodia 6 3 3 

Laos 12 1 2 

Thailand 118 35 36 

Vietnam 35 1 1 

Total 171 40 42 

Indicator 
13 – 
maximum 
consecuti
ve wet 
days 

Cambodia 6 0 1 

Laos 12 1 2 

Thailand 118 97 85 

Vietnam 35 1 1 

Total 171 99 89 

Indicator 
14 – 
annual SPI 

Cambodia 6 5 4 

Laos 12 2 2 

Thailand 118 61 54 

Vietnam 35 1 2 

Total 171 69 62 

Indicator 
15 – GMI 

Cambodia 6 3 3 

Laos 12 3 3 

Thailand 118 54 57 

Vietnam 35 0 0 

Total 171 60 63 
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For Figure 62 to Figure 69 the map on the left shows the slope of the trend and the map 

on the right shows the strength of the correlation between the indicator and time. For 

Figure 62 to Figure 69 red indicates a trend towards significantly “drier” conditions and 

blue indicates a trend towards significantly “wetter” conditions. Grey dots indicate 

locations where no significant trend exists (at p-value < 0.05 level). 

 

 
Figure 62: Results of statistical tests for linear trends in the total precipitation per year 
(Indicator 8 from Table 2) – linear regression test results (left) and Spearman’s rho rank-
based correlation test results (right). 

 
Figure 63: Results of statistical tests for linear trends in the 1-day maximum precipitation 
per year (Indicator 9 from Table 2) – linear regression test results (left) and Spearman’s 
rho rank-based correlation test results (right). 
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Figure 64: Results of statistical tests for linear trends in the 5-day maximum precipitation 
per year (Indicator 10 from Table 2) – linear regression test results (left) and Spearman’s 
rho rank-based correlation test results (right). 

 
Figure 65: Results of statistical tests for linear trends in the number of heavy precipitation 
days (> 100 mm/day) per year (Indicator 11 from Table 2) – linear regression test results 
(left) and Spearman’s rho rank-based correlation test results (right). 
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Figure 66: Results of statistical tests for linear trends in the maximum consecutive dry 
days (< 1 mm/day) per year (Indicator 12 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right). 

 
Figure 67: Results of statistical tests for linear trends in the maximum consecutive wet 
days (> 1 mm/day) per year (Indicator 13 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right). 
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Figure 68: Results of statistical tests for linear trends in the annual Standardised 
Precipitation Index (SPI) (Indicator 14 from Table 2) – linear regression test results (left) 
and Spearman’s rho rank-based correlation test results (right). 

 
Figure 69: Results of statistical tests for linear trends in the Generalised Monsoon Index 
(GMI) (Indicator 15 from Table 2) – linear regression test results (left) and Spearman’s rho 
rank-based correlation test results (right). 
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4.4.3. Method 3: Test whether the early part of the baseline period is 

statistically significantly different to the end of the baseline period 

Table 10: Number of stations, per Member Country, with statistically significant (p-value < 
0.05) difference between 1981-1990 and 2001-2010 for each temperature related indicator. 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations where 1981-1990 is different to 
2001-2010 based on: 

Student’s t-test KS test 

Indicator 1 
– highest 
TMAX per 
year 

Cambodia 5 1 1 

Laos 3 1 1 

Thailand 20 1 3 

Vietnam 7 5 5 

Total 35 8 10 

Indicator 2 
– lowest 
TMIN per 
year 

Cambodia 5 0 2 

Laos 3 0 0 

Thailand 20 8 4 

Vietnam 7 1 1 

Total 35 9 7 

Indicator 3 
– annual 
ave. 
diurnal 
temp 

Cambodia 5 2 2 

Laos 3 1 1 

Thailand 20 12 10 

Vietnam 7 6 6 

Total 35 21 19 

Indicator 4 
– number 
of hot 
days 

Cambodia 5 2 1 

Laos 3 0 0 

Thailand 20 6 5 

Vietnam 7 4 4 

Total 35 12 10 

Indicator 5 
– number 
of cold 
days 

Cambodia 5 4 4 

Laos 3 1 1 

Thailand 20 6 7 

Vietnam 7 4 3 

Total 35 15 15 

Indicator 6 
– number 
of hot 
nights 

Cambodia 5 3 3 

Laos 3 0 1 

Thailand 20 5 3 

Vietnam 7 5 5 

Total 35 13 12 

Indicator 7 
– number 
of cold 
nights 

Cambodia 5 3 3 

Laos 3 1 1 

Thailand 20 6 5 

Vietnam 7 5 5 

Total 35 15 14 

 

For Figure 70 to Figure 76 shows the ratio of the 2001-2010 mean to the 1981-1990 mean 

(in both panels in each figure) with the significance of the difference determined via a 

Student’s t-test (on the left) and a Kolmogorov-Smirnov (KS) test (on the right). For 

Figure 70 to Figure 76 red indicates that the most recent decade (2001-2010) is 

significantly “warmer” than the first decade of the baseline period and blue indicates 
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that the most recent decade (2001-2010) is significantly “cooler”. Grey dots indicate 

locations where no significant trend exists (at p-value < 0.05 level). 

 

 
Figure 70: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the highest maximum daily temperature in each year 
(Indicator 1 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test 
results (right). 

 
Figure 71: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the lowest minimum daily temperature in each year 
(Indicator 2 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test 
results (right). 
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Figure 72: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the annual average of the daily diurnal temperature 
range (Indicator 3 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov 
test results (right). 

 
Figure 73: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the number of hot days (maximum daily temperature 

> 35°C) per year (Indicator 4 from Table 2) – Student’s t-test results (left) and Kolmogorov-

Smirnov test results (right). 
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Figure 74: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the number of cold days (maximum daily 

temperature < 35°C) per year (Indicator 5 from Table 2) – Student’s t-test results (left) and 

Kolmogorov-Smirnov test results (right). 

 
Figure 75: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the number of hot nights (minimum daily 

temperature > 25°C) per year (Indicator 6 from Table 2) – Student’s t-test results (left) and 

Kolmogorov-Smirnov test results (right). 
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Figure 76: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the number of cold nights (minimum daily 

temperature < 25°C) per year (Indicator 7 from Table 2) – Student’s t-test results (left) and 

Kolmogorov-Smirnov test results (right). 
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Table 11: Number of stations, per Member Country, with statistically significant (p-value < 
0.05) difference between 1981-1990 and 2001-2010 for each precipitation related indicator. 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations where 1981-1990 is different to 
2001-2010 based on: 

Student’s t-test KS test 

Indicator 8 
– total 
PREC per 
year 

Cambodia 6 5 4 

Laos 12 2 2 

Thailand 118 55 54 

Vietnam 35 1 2 

Total 171 63 62 

Indicator 9 
– 1-day 
maximum 
PREC per 
year 

Cambodia 6 5 4 

Laos 12 3 5 

Thailand 118 35 35 

Vietnam 35 4 9 

Total 171 47 53 

Indicator 
10 – 5-day 
maximum 
PREC per 
year 

Cambodia 6 3 3 

Laos 12 2 3 

Thailand 118 20 22 

Vietnam 35 5 14 

Total 171 30 42 

Indicator 
11 – 
number of 
heavy 
PREC 
days 

Cambodia 6 0 0 

Laos 12 3 2 

Thailand 118 11 5 

Vietnam 35 10 4 

Total 171 24 11 

Indicator 
12 – 
maximum 
consecuti
ve dry 
days 

Cambodia 6 3 1 

Laos 12 1 1 

Thailand 118 14 18 

Vietnam 35 2 4 

Total 171 20 24 

Indicator 
13 – 
maximum 
consecuti
ve wet 
days 

Cambodia 6 0 0 

Laos 12 1 4 

Thailand 118 84 48 

Vietnam 35 1 4 

Total 171 86 56 

Indicator 
14 – 
annual SPI 

Cambodia 6 3 3 

Laos 12 2 4 

Thailand 118 37 37 

Vietnam 35 3 7 

Total 171 45 51 

Indicator 
15 – GMI 

Cambodia 6 3 2 

Laos 12 3 3 

Thailand 118 47 37 

Vietnam 35 1 4 

Total 171 54 46 
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For Figure 77 to Figure 84 shows the ratio of the 2001-2010 mean to the 1981-1990 mean 

(in both panels in each figure) with the significance of the difference determined via a 

Student’s t-test (on the left) and a Kolmogorov-Smirnov (KS) test (on the right). For 

Figure 77 to Figure 84 red indicates that the most recent decade (2001-2010) is 

significantly “drier” than the first decade of the baseline period and blue indicates that 

the most recent decade (2001-2010) is significantly “wetter”. Grey dots indicate locations 

where no significant trend exists (at p-value < 0.05 level). 

 

 
Figure 77: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the total precipitation per year (Indicator 8 from 
Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test results (right). 

 
Figure 78: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the 1-day maximum precipitation per year (Indicator 
9 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test results (right). 
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Figure 79: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the 5-day maximum precipitation per year (Indicator 
10 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test results 
(right). 

 
Figure 80: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the number of heavy precipitation days (> 100 
mm/day) per year (Indicator 11 from Table 2) – Student’s t-test results (left) and 
Kolmogorov-Smirnov test results (right). 
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Figure 81: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the maximum consecutive dry days (< 1 mm/day) per 
year (Indicator 12 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov 
test results (right). 

 
Figure 82: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the maximum consecutive wet days (> 1 mm/day) per 
year (Indicator 13 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov 
test results (right). 
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Figure 83: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the annual Standardised Precipitation Index (SPI) 
(Indicator 14 from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test 
results (right). 

 
Figure 84: Results of statistical tests to determine whether the early part of the baseline 
period is different to the later part for the Generalised Monsoon Index (GMI) (Indicator 15 
from Table 2) – Student’s t-test results (left) and Kolmogorov-Smirnov test results (right). 

4.4.4. Method 4: Analysis of step changes (or break points) 

The results from the previous sections provide some evidence that step changes (or 

break points) in hydroclimatic conditions across the LMB have occurred over the 1981-

2010 baseline period. Here we investigate this further (for only Indicator 01 (to represent 

temperature) and Indicator 08 (to represent precipitation) since any results or insights 

gained will likely apply to all other temperature and precipitation related indicators. 
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Figure 85 reveals that 30% of stations in Thailand and 60% of stations in Laos have a 

statistically significant step change in 1992 (and also 20% of stations in Vietnam were 

associated with a statistically significant step change in 1994 or 1995). The results in the 

previous sections indicate that this was a change from cooler to warmer conditions. 

 

Similarly, Figure 86 also shows a large number of stations (in all LMB countries) with a 

statistically significant step change occurring somewhere between 1992 and 2001. In 

most cases the results in previous sections indicate this was a shift to drier conditions or 

less rain days.  

 

 
Figure 85: For years during the 1981-2010 baseline period, the percentage (%) of stations 
within each country where a statistically significant step change (or break point) occurred 
in the highest maximum daily temperature in each year (Indicator 1 from Table 2). 

 

 
Figure 86: For years during the 1981-2010 baseline period, the percentage (%) of stations 
within each country where a statistically significant step change (or break point) occurred 
in total precipitation per year (Indicator 8 from Table 2). 

While further investigations are required (i.e. with longer and more spatially and 

temporally complete data) the main conclusion from these results is that there is strong 

evidence that the 1981-2010 baseline period is not homogenous and that some sort of 

step change has occurred over the 1981-2010 period. Whether that step change is due to 

natural variability or anthropogenic climate change (or a mixture of the two) is a 
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knowledge gap that needs to be addressed via further analysis using longer and 

alternate data sources (see Section 5.2 for recommendations on how this knowledge gap 

could be further investigated). 

4.5. Stage 5 – analyse historical trends, variability and changes in the 

frequency and intensity of tropical storms and typhoons relevant to 

the LMB 

4.5.1. Method 1: Exploratory data analysis for storms/typhoons 

Initial time series analysis (Section 4.3.6) reveals minimal trends, variability or changes 

in Tropical Storms (TS) or Severe Tropical Storms (STS) and therefore the trends, 

variability and changes observed for Typhoons (TY) and well approximated by the 

trends, variability or changes seen when all storms (of any category) are analysed 

together. Hence, this section focuses just on the analysis of storms of any category with 

the results obtained being also the same for TY. 

 

Figure 87 shows the cumulative residuals of the annual average storm/typhoon 

frequency, annual average storm/typhoon and the annual Accumulated Cyclone Energy 

(ACE) index (Indicators 19, 20, 21 from Table 2). Some clear shifts from above average to 

below average conditions are evident for all storm/typhoon related indicators. The step 

trends and changes suggested by Figure 87 are further investigated and verified via 

formal statistical testing in Table 12, Table 13 and Table 14. 
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Figure 87: Cumulative residuals of the annual average storm/typhoon frequency, annual 
average storm/typhoon and the annual Accumulated Cyclone Energy (ACE) index 
(Indicators 19, 20, 21 from Table 2). 
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4.5.2. Method 2: Trend analysis for storms/typhoons 

Table 12 shows that in recent decades there has been a statistically significant decrease in 

storm intensity and ACE 

Table 12: Results of the tests to determine whether there is a statistically significantly 
trend in the frequency and intensity of storms/typhoons relevant to the LMB. Highlighted 
cells indicate trends that are statistically significant at the p-value < 0.05 level (i.e. 95% 
confidence that there is a trend). 

 
Number of storms 

(any category) 
Storm intensity 
(any category) 

Accumulated 
Cyclone Energy 

(ACE) 

Slope (p-value) -0.013 (0.248) -1.607 (0.000) -0.623 (0.008) 

Spearman’s rho (p-value) -0.062 (0.628) -0.686 (0.000) -0.480 (0.005) 

 

4.5.3. Method 3: Test whether the early part of the baseline period is 

statistically significantly different to the end of the baseline period 

for storms/typhoons 

Table 13 suggests that storm/typhoon conditions the first decade of the 30-year baseline 

period are not statistically significantly different to storm/typhoon conditions in the last 

decade of the baseline period, except possibly for the number of storms (which one of 

the two tests suggesting a statistically significant decrease in the last decade). 

Table 13: Results of the tests to determine whether the early part of the baseline period is 
statistically significantly different to the end of the baseline period for storms/typhoons 
relevant to the LMB.  

 
Number of storms 

(any category) 
Storm intensity 
(any category) 

Accumulated 
Cyclone Energy 

(ACE) 

Mean (1981-1990) 4.1 120.13 25.81 

Mean (2001-2010 2.2 119.26 13.33 

t-test p-value 0.005 0.950 0.051 

KS test p-value 0.111 0.375 0.051 

 

4.5.4. Method 4: Analysis of step changes (or break points) for 

storms/typhoons 

The step change (or break point) years suggested by Figure 87 are further investigated 

and verified in Table 14. 
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Table 14: Years where there was a statistically significant (p-value < 0.05) step change (or 
break point) in the frequency and intensity of storms/typhoons relevant to the LMB. 

 
Number of 

storms (any 
category) 

Storm intensity 
(any category) 

Accumulated 
Cyclone Energy 

(ACE) 

Step change years based on 
Mann-Whitney U test (p-value) 

1963 (- to +) 
1998 (+ to -) 

1963 (+ to 0) 
1998 (0 to -) 

No ACE pre-1977 
1993 (+ to -) 

Note: 0 to – means from average to < average; 0 to + means from average to > average; - to 0 means from < 

average to average; + to 0 means from > average to average; - to + means from < average to > average; + to – 

means from > average to < average. 

4.6. Stage 6 – investigate relationships between selected indicators of 

historical hydroclimatic conditions in the LMB and large-scale ocean-

atmospheric processes known to influence Southeast Asia 

4.6.1. Linear relationship between selected indicators (Indicator 1 and 

Indicator 8 from Table 2) and large-scale ocean atmospheric 

processes known to influence Southeast Asia 

Table 15 shows the number of stations, per Member Country, with statistically 

significant (p-value < 0.05) linear relationships between selected indicators of 

hydroclimatic conditions in the LMB and ENSO, IOD, WNPM or ISM. See Appendix B 

for the actual correlation tables for all stations and the Supplementary Material (as 

described in Section C) for further details on the method and results associated with the 

statistical testing conducted here. 

Table 15: Number of stations, per Member Country, with statistically significant (p-value < 
0.05) linear relationships between selected indicators of hydroclimatic conditions in the 
LMB and ENSO, IOD, WNPM or ISM. 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations significantly related to: 

ENSO* IOD* WNPM ISM 

Indicator 1 
– highest 
TMAX per 
year 

Cambodia 5 0 0 0 2 

Laos 3 1 1 0 0 

Thailand 20 1 10 6 7 

Vietnam 7 0 1 2 1 

Total 35 2 12 8 10 

Indicator 8 
– total 
PREC per 
year 

Cambodia 6 2 5 0 3 

Laos 12 0 2 5 0 

Thailand 118 45 32 17 0 

Vietnam 35 9 3 5 2 

Total 171 59 63 27 5 

*Note: ENSO represented by Niño3 for Indicator 1 and SOI for Indicator 8; IOD represented by DMI for 

Indicator 1 and WIO for Indicator 8. 

 

Figure 88 shows the correlation between the highest maximum daily temperature in 

each year (Indicator 1 from Table 2) and ENSO (Niño3), IOD (DMI), WNPM, and ISM. 

Blue indicates a significant positive correlation (i.e. if the index representing the large-



Page 125 

scale ocean-atmosphere process is positive (negative) then the maximum daily 

temperature is typically significantly above (below) average. Red indicates a significant 

negative correlation (i.e. if the index representing the large-scale ocean-atmosphere 

process is positive (negative) then the maximum daily temperature is typically 

significantly below (above) average. Grey dots indicate locations where no linear 

relationship exists (at p-value < 0.05 level) between Indicator 1 and the corresponding 

large-scale ocean-atmosphere process. 

 

 
Figure 88: Map showing the correlation between the highest maximum daily temperature 
in each year (Mar-Feb) (Indicator 1 from Table 2) and ENSO (Niño3), IOD (DMI), WNPM, and 
ISM. Grey dots indicate the correlation is not statistically significant at the p-value < 0.05 
level.  

Figure 89 shows the correlation between the total precipitation per year (Indicator 8 

from Table 2) and ENSO (SOI), IOD (WIO), WNPM, and ISM. Blue indicates a 
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significant positive correlation (i.e. if the index representing the large-scale ocean-

atmosphere process is positive (negative) then the annual precipitation is typically 

significantly above (below) average. Red indicates a significant negative correlation (i.e. 

if the index representing the large-scale ocean-atmosphere process is positive (negative) 

then the annual precipitation is typically significantly below (above) average. Grey dots 

indicate locations where no linear relationship exists (at p-value < 0.05 level) between 

Indicator 8 and the corresponding large-scale ocean-atmosphere process. 

 

 
Figure 89: Map showing the correlation between the total precipitation per year (Mar-Feb) 
(Indicator 8 from Table 2) and ENSO (SOI), IOD (WIO), WNPM, and ISM. Grey dots indicate 
the correlation is not statistically significant at the p-value < 0.05 level.  

Figure 90 to Figure 93 shows, for one station in each Member Country, the linear 

relationship between highest maximum daily temperature (Indicator 1 from Table 2) 

and various indices of large-scale ocean atmospheric processes. 
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Figure 90: Linear relationship between highest maximum daily temperature (Indicator 1 
from Table 2) per year (Mar-Feb) and large-scale ocean atmospheric processes known to 

influence Southeast Asia – Pochentong (Cambodia) (11.55°N, 104.85°E). 
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Figure 91: Linear relationship between highest maximum daily temperature (Indicator 1 
from Table 2) per year (Mar-Feb) and large-scale ocean atmospheric processes known to 

influence Southeast Asia – Vientiane (Laos) (17.97°N, 102.57°E). 

 



Page 129 

 
Figure 92: Linear relationship between highest maximum daily temperature (Indicator 1 
from Table 2) per year (Mar-Feb) and large-scale ocean atmospheric processes known to 

influence Southeast Asia – Surin (Thailand) (14.88°N, 103.48°E). 
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Figure 93: Linear relationship between highest maximum daily temperature (Indicator 1 
from Table 2) per year (Mar-Feb) and large-scale ocean atmospheric processes known to 

influence Southeast Asia – P-lay Cu (Vietnam) (13.98°N, 108.00°E). 

Figure 94 to Figure 97 shows, for one station in each Member Country, the linear 

relationship between total annual (Mar-Feb) precipitation (Indicator 8 from Table 2) and 

various indices of large-scale ocean atmospheric processes. 
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Figure 94: Linear relationship between total annual (Mar-Feb) precipitation (Indicator 8 
from Table 2) and large-scale ocean atmospheric processes known to influence Southeast 

Asia – Pochentong (Cambodia) (11.55°N, 104.85°E). 
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Figure 95: Linear relationship between total annual (Mar-Feb) precipitation (Indicator 8 
from Table 2) and large-scale ocean atmospheric processes known to influence Southeast 

Asia – Vientiane (Laos) (17.97°N, 102.57°E). 
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Figure 96: Linear relationship between total annual (Mar-Feb) precipitation (Indicator 8 
from Table 2) and large-scale ocean atmospheric processes known to influence Southeast 

Asia – Surin (Thailand) (14.88°N, 103.48°E). 
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Figure 97: Linear relationship between total annual (Mar-Feb) precipitation (Indicator 8 
from Table 2) and large-scale ocean atmospheric processes known to influence Southeast 

Asia – P-lay Cu (Vietnam) (13.98°N, 108.00°E). 

4.6.2. Are distributions of selected indicators different during extreme 

phases of the large-scale ocean-atmospheric processes? 

Table 16 shows the number of stations, per Member Country, with significantly different 

distributions of selected indicators of hydroclimatic conditions in the LMB during 

extreme phases of ENSO, IOD, WNPM or ISM. See Appendix B and the Supplementary 

Material (as described in Section C) for further details on the method and results 

associated with the statistical testing conducted here. 
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Table 16: Number of stations, per Member Country, with significantly different 
distributions of selected indicators of hydroclimatic conditions in the LMB during extreme 
phases of ENSO, IOD, WNPM or ISM (based on p-value < 0.05 for Student’s t-tests 
comparing positive versus negative phase). 

Variable Country 
# stations in "final 

cleared and 
infilled" dataset 

# stations with significantly different 
distributions during extreme phases of: 

ENSO* IOD* WNPM ISM 

Indicator 1 
– highest 
TMAX per 
year 

Cambodia 5 0 0 0 0 

Laos 3 0 1 0 0 

Thailand 20 1 8 1 5 

Vietnam 7 0 0 1 1 

Total 35 1 9 2 6 

Indicator 8 
– total 
PREC per 
year 

Cambodia 6 1 3 0 1 

Laos 12 0 0 1 0 

Thailand 118 35 23 10 0 

Vietnam 35 6 7 2 0 

Total 171 42 33 13 1 

*Note: ENSO represented by Niño3 for Indicator 1 and SOI for Indicator 8; IOD represented by DMI for 

Indicator 1 and WIO for Indicator 8. 

 

Figure 98 shows the ratio of the mean during different phases of the ENSO, IOD, WNPM 

and ISM for highest maximum daily temperature in each year (Indicator 1 from Table 2). 

Blue (red) indicates that the maximum daily temperature is typically significantly higher 

(lower) in one phase than it is in the other phase of the corresponding large-scale ocean-

atmosphere process. Grey dots indicate locations where no linear relationship exists (at 

p-value < 0.05 level) between Indicator 1 and the corresponding large-scale ocean-

atmosphere process. 
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Figure 98: Map showing the ratio of mean during El Niño versus mean during La Niña (and 
same for DMI+ versus DMI-, WNPM+ versus WNPM-, ISM+ versus ISM-) for highest 
maximum daily temperature in each year (Mar-Feb) (Indicator 1 from Table 2). Grey dots 
indicate no statistically significant difference between the extreme phases of ENSO, IOD, 
WNPM or ISM (based on p-value < 0.05 for Student’s t-tests comparing positive versus 
negative phase). 

 

Figure 99 shows the ratio of the mean during different phases of the ENSO, IOD, WNPM 

and ISM for the total precipitation per year (Indicator 8 from Table 2). Blue (red) 

indicates that the annual precipitation is typically significantly higher (lower) in one 

phase than it is in the other phase of the corresponding large-scale ocean-atmosphere 

process. Grey dots indicate locations where no linear relationship exists (at p-value < 

0.05 level) between Indicator 8 and the corresponding large-scale ocean-atmosphere 

process. 
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Figure 99: Map showing the ratio of mean during El Niño versus mean during La Niña (and 
same for DMI+ versus DMI-, WNPM+ versus WNPM-, ISM+ versus ISM-) for the total 
precipitation per year (Mar-Feb) (Indicator 8 from Table 2). Grey dots indicate no 
statistically significant difference between the extreme phases of ENSO, IOD, WNPM or 
ISM (based on p-value < 0.05 for Student’s t-tests comparing positive versus negative 
phase). Note that to be consistent with Figure 98 (where +ve Niño3 values indicate El Niño 
conditions) the SOI values have been inverted such that +ve (-ve) SOI indicates El Niño (La 
Niña) conditions. 

 

Figure 100 to Figure 103 contain boxplots illustrating, for one station in each Member 

Country, the relationship between highest maximum daily temperature per year (Mar-

Feb) (Indicator 1 from Table 2) and large-scale ocean atmospheric processes known to 

influence Southeast Asia. 
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Figure 100: Boxplots illustrating the relationship between highest maximum daily 
temperature per year (Mar-Feb) (Indicator 1 from Table 2) and large-scale ocean 
atmospheric processes known to influence Southeast Asia – Pochentong (Cambodia) 

(11.55°N, 104.85°E). 

 
Figure 101: Boxplots illustrating the relationship between highest maximum daily 
temperature per year (Mar-Feb) (Indicator 1 from Table 2) and large-scale ocean 

atmospheric processes known to influence Southeast Asia – Vientiane (Laos) (17.97°N, 

102.57°E). 
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Figure 102: Boxplots illustrating the relationship between highest maximum daily 
temperature per year (Mar-Feb) (Indicator 1 from Table 2) and large-scale ocean 

atmospheric processes known to influence Southeast Asia – Surin (Thailand) (14.88°N, 

103.48°E). 

 
Figure 103: Boxplots illustrating the relationship between highest maximum daily 
temperature per year (Mar-Feb) (Indicator 1 from Table 2) and large-scale ocean 

atmospheric processes known to influence Southeast Asia – P-lay Cu (Vietnam) (13.98°N, 

108.00°E). 

 

Figure 104 to Figure 107 contain boxplots illustrating, for one station in each Member 

Country, the relationship between total annual (Mar-Feb) precipitation (Indicator 8 from 

Table 2) and large-scale ocean atmospheric processes known to influence Southeast Asia. 
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Figure 104: Boxplots illustrating the relationship between total annual (Mar-Feb) 
precipitation (Indicator 8 from Table 2) and large-scale ocean atmospheric processes 

known to influence Southeast Asia – Pochentong (Cambodia) (11.55°N, 104.85°E). 

 
Figure 105: Boxplots illustrating the relationship between total annual (Mar-Feb) 
precipitation (Indicator 8 from Table 2) and large-scale ocean atmospheric processes 

known to influence Southeast Asia – Vientiane (Laos) (17.97°N, 102.57°E). 
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Figure 106: Boxplots illustrating the relationship between total annual (Mar-Feb) 
precipitation (Indicator 8 from Table 2) and large-scale ocean atmospheric processes 

known to influence Southeast Asia – Surin (Thailand) (14.88°N, 103.48°E). 

 
Figure 107: Boxplots illustrating the relationship between total annual (Mar-Feb) 
precipitation (Indicator 8 from Table 2) and large-scale ocean atmospheric processes 

known to influence Southeast Asia – P-lay Cu (Vietnam) (13.98°N, 108.00°E). 

4.7. Stage 7 – analyse the representativeness of the established baseline 

period (from Stage 2) in accurately capturing trends, variability and 

changes in historical hydroclimatic conditions in the LMB 

Figure 108 shows the long-term time series of annual (Jan-Dec) average of the daily 

maximum temperature at the two stations where long-term (i.e. pre-1981) and relatively 

complete maximum temperature data exists. Figure 109 shows the same but for 

minimum temperature. Some differences are evident when pre-1981 conditions are 
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compared with conditions in the 1981-2010 baseline period used in this report. Table 17 

and Table 18 show the results when these differences are assessed to see if they are 

statistically significant. 

 

 
Figure 108: Long-term time series of annual (Jan-Dec) average of the daily maximum 
temperature at the two stations where long-term (i.e. pre-1981) and relatively complete 
maximum temperature data exists. 

 

 
Figure 109: Long-term time series of annual (Jan-Dec) average of the daily minimum 
temperature at the two stations where long-term (i.e. pre-1981) and relatively complete 
minimum temperature data exists. 

Table 17 and Table 18 show that for one of the two stations where long-term (i.e. pre-

1981) maximum and minimum daily temperature data exists that that there is some 

evidence to suggest that for annual (Jan-Dec) average daily maximum temperature the 

1981-2010 baseline does not capture the full range of historical variability that has 

occurred and may not be representative of the hydroclimatic conditions that are possible 

in the LMB. As per the concluding statement at the end of Section 4.4.4, further 

investigations are required (i.e. with longer and more spatially and temporally complete 

data) to verify this preliminary finding and, if found to be true, assess the implications 

on, and options for, existing and future MRC studies and activities (see Section 5.2 for 

recommendations on how this knowledge gap could be further investigated). 
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Table 17: For stations where long-term (i.e. pre-1981) data was available, the results of 
Student’s t-tests comparing whether the distribution of annual (Jan-Dec) average of the 
daily maximum temperature pre-1981 was statistically significantly different to the 
distribution of annual (Jan-Dec) average of the daily maximum temperature in the 1981-
2010 baseline period. Bold italics in the p-value column indicates a statistically significant 
result (p-value < 0.05). 

Station 
Name 

MRC 
Station 
ID 

Country 
Latitude 
/Longitude 

1951-1980 
mean (% 
missing) 

1981-2010 
mean (% 
missing) 

p-value 

Ubon 150401 Thailand 15.25/104.88 32.4 (0%) 33.0 (0%) 0.00 

Chiang Rai 199907 Thailand 19.91/99.83 31.5 (0%) 31.2 (0%) 0.17 

 

Table 18: For stations where long-term (i.e. pre-1981) data was available, the results of 
Student’s t-tests comparing whether the distribution of annual (Jan-Dec) average of the 
daily minimum temperature pre-1981 was statistically significantly different to the 
distribution of annual (Jan-Dec) average of the daily minimum temperature in the 1981-
2010 baseline period. Bold italics in the p-value column indicates a statistically significant 
result (p-value < 0.05). 

Station 
Name 

MRC 
Station 
ID 

Country 
Latitude 
/Longitude 

1951-1980 
mean (% 
missing) 

1981-2010 
mean (% 
missing) 

p-value 

Ubon 150401 Thailand 15.25/104.88 22.1 (0%) 22.1 (0%) 0.97 

Chiang Rai 199907 Thailand 19.91/99.83 19.9 (0%) 19.5 (0%) 0.27 

 

Figure 110 shows long-term time series of annual (Jan-Dec) precipitation at four stations 

(one for each Member Country) where long-term (i.e. pre-1981) and relatively complete 

precipitation data exists. Some differences are evident when pre-1981 conditions are 

compared with conditions in the 1981-2010 baseline period used in this report. Table 19 

shows the results when these differences are assessed to see if they are statistically 

significant. 
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Figure 110: Long-term time series of annual (Jan-Dec) precipitation at four stations (one 
for each Member Country) where long-term (i.e. pre-1981) and relatively complete 
precipitation data exists. 

The key finding from Table 19 is that, as with maximum temperature, there is some 

evidence to suggest that the 1981-2010 baseline does not capture the full range of 

historical variability in precipitation that has occurred and may not be representative of 

the hydroclimatic conditions that are possible in the LMB. As per the concluding 

statement at the end of Section 4.4.4, further investigations are required (i.e. with longer 

and more spatially and temporally complete data) to verify this preliminary finding and, 

if found to be true, assess the implications on, and options for, existing and future MRC 

studies and activities (see Section 5.2 for recommendations on how this knowledge gap 

could be further investigated). 
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Table 19: For stations where long-term (i.e. pre-1981) data was available, the results of 
Student’s t-tests comparing whether the distribution of annual (Jan-Dec) precipitation pre-
1981 was statistically significantly different to the distribution of annual (Jan-Dec) 
precipitation in the 1981-2010 baseline period. Bold italics in the p-value column indicates 
a statistically significant result (p-value < 0.05). 

Station 
Name 

MRC 
Station 
ID 

Country 
Latitude 
/Longitude 

1920-1980 
mean (% 
missing) 

1981-2010 
mean (% 
missing) 

p-value 

Pochentong 110425 Cambodia 11.55/104.85 1329 (59%) 1114 (25%) 0.06 

Kompong 
Chhnang 

120401 Cambodia  1576 (51%) 1514 (19%) 0.59 

Kampong 
Thom 

120404 Cambodia 12.69/104.90 1322 (39%) 1203 (6%) 0.31 

Battambang 130305 Cambodia  1319 (31%) 1260 (25%) 0.40 

Pakxe 150504 Laos 15.12/105.86 1576 (34%) 1942 (19%) 0.02 

Vientiane 
DMH 

170203 Laos 17.97/102.57 1641 (10%) 1622 (19%) 0.79 

Vangviang 180207 Laos 18.95/102.45 2305 (66%) 2960 (19%) 0.06 

Meuang Kao 180307 Laos  2194 (77%) 2980 (25%) 0.00 

Louang 
Phabang 

190202 Laos 19.90/102.17 1218 (13%) 1323 (19%) 0.13 

Korat 140205 Thailand 14.97/102.12 1141 (49%) 1067 (0%) 0.16 

Surin 140302 Thailand 14.88/103.48 1296 (49%) 1416 (0%) 0.02 

Ubon 150401 Thailand 15.25/104.88 1592 (49%) 1623 (0%) 0.66 

Khon Kaen 160202 Thailand 16.33/102.85 1195 (49%) 1265 (0%) 0.18 

Mukdahan 160401 Thailand 16.53/104.73 1510 (49% 1481 (0%) 0.63 

Udon Thani 170202 Thailand 17.43/102.77 1495 (49%) 1377 (0%) 0.10 

Chau Doc 100505 Vietnam 10.77/105.15 1115 (59%) 1295 (19%) 0.03 

Can Tho 100509 Vietnam 10.03/105.78 1560 (69%) 1738 (19%) 0.07 

B-me Thuot 120801 Vietnam 12.67/108.05 1481 (67%) 1935 (19%) 0.00 

P-lay Cu 140703 Vietnam 13.98/108.00 2016 (64%) 2204 (19%) 0.12 

Kontum 2 
(Lasan) 

140704 Vietnam  1534 (48%) 1875 (22%) 0.00 
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5. Key findings and recommendations 

5.1. Key findings 

The key findings are: 

1) Formatting, quality, and spatial/temporal completeness of MRC’s station-based 

dataset needs to be significantly improved and/or supplemented with gridded 

data (this is especially the case for evaporation, relative humidity and sunshine 

duration). 

2) Some trends and step changes are evident (for all indicators analysed) in the 

1981-2010 baseline period, with conditions in the latter part of the baseline period 

hotter and drier than they were at the start. 

3) There is evidence of strong relationships between hydroclimatic conditions and 

tropical storms/typhoons in the LMB and large-scale ocean-atmospheric 

processes. 

4) The 1981-2010 baseline period may not be representative of the full range of 

variability that has occurred in the LMB. 

5) The results presented here are useful metrics with which to compare climate 

model simulations of current and future conditions in the LMB – if climate model 

simulations for the baseline period can be shown to produce similar trends, 

variability and changes to those shown here then more confidence can be placed 

in the future projections from those climate models.  

5.2. Recommendations 

Throughout this report several knowledge gaps and potential areas for future research 

have been mentioned. Specific recommendations include: 

1) Improve the quality and spatial/temporal completeness of MRC’s station-based 

dataset. 

2) Further investigate the use of publicly available gridded data to either 

supplement or be used instead of MRC’s station-based dataset. As discussed in 

Section 4.1.2, even if the accuracy of the gridded data is questionable for some 

locations and variables, the weaknesses and limitations of using gridded data 

(e.g. Tozer et al., 2012) are probably outweighed by the positives associated with 

the temporal and spatial completeness of gridded data and the ability to do long-

term analysis. Gridded data also represents an opportunity to solve the problem 

of having no evaporation, relative humidity or sunshine duration stations that 

passed the quality checks and filtering described in Section 3.1.2.  

3) Extend the work on tropical storms and typhoons, which here just focussed on 

frequency and intensity (based on wind speed), to also investigate trends and 

variability of other storm related variables (e.g. location of centre of storm and 

how that changes over time (i.e. storm track), storm duration, intensity based on 
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pressure, location of peak intensity, spatial extent of impacts, timing and 

clustering of storms throughout the year.  

4) Extend the analysis to consider trends and variability on monthly and seasonal 

time steps. 

5) Extend the analysis to consider extreme events (e.g. changes in the timing, 

frequency, duration, location or spatial extent of intense rainfall or drought 

conditions). 

6) Extend the investigation into relationships between trends, variability and 

changes in indicators of historical hydroclimatic conditions in the LMB and 

large-scale ocean-atmospheric processes. 

7) Explore the possibility of using stochastic modelling, gridded data, pre-

instrumental data and any other station-based data that can be obtained to get a 

better understanding into the true range of variability in hydroclimatic 

conditions that has occurred in the LMB and to better determine the 

representativeness of the 1981-2010 baseline period.  

8) Test, and either prove or disprove, the preliminary finding from this study, that 

1981-2010 is not representative of the hydroclimatic conditions that are possible 

in the LMB. If the preliminary finding is verified, a rigorous assessment of the 

potential consequences if MRC continues to use the 1981-2010 period as a 

baseline is required. 
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Appendix A – Comparison between gridded data (CRU, 
PRINCETON and APHRODITE) and the spatially interpolated 
final “cleared” observed station-based data (assessment 
done at the monthly and annual timescales for precipitation 
and temperature) 

The spatial interpolation of the final “cleared” observed station-based maximum 

temperature (Section A.3), minimum temperature (Section A.4) and rainfall (Section A.5) 

data was carried out in ArcGIS using the kriging method 

(http://desktop.arcgis.com/en/arcmap/10.3/tools/3d-analyst-toolbox/how-kriging-

works.htm). Kriging is an advanced geostatistical procedure that generates an estimated 

surface from a scattered set of points with z-values. Unlike inverse distance weighting 

(IDW) and Spline interpolation, which are referred to as deterministic interpolation 

methods that rely on surrounding measured values or on specified mathematical 

formulas that determine the smoothness of the resulting surface, kriging is classified as a 

geostatistical method and assumes that the distance or direction between sample points 

reflects a spatial correlation that can be used to explain variation in the surface. Kriging 

is similar to IDW in that it weights the surrounding measured values to derive a 

prediction for an unmeasured location. However, while IDW relies solely on the 

distance to the prediction location, kriging utilises both the distance as well as the 

overall spatial arrangement of the measured points. 

 

In this study, kriging was carried out over a slightly larger extent than the furthest 

station points to ensure the entire LMB region had data and to enable the full LMB area 

to be used in the comparisons with gridded data (i.e. APHRODITE and PRINCETON) 

presented below. Doing this does not change the interpolated values within the extent of 

the station points, but values beyond the maximum latitude and longitude coordinates 

of the stations (i.e. at the far edges of the LMB boundary where there are no stations 

nearby) are less reliable. Within the kriging method there are also several 

autocorrelation models available (e.g. circular, spherical, exponential, Gaussian, linear). 

The choice of autocorrelation model to use within the kriging method influences the 

prediction of the unknown values. In this study we used the exponential autocorrelation 

model which assumes spatial autocorrelation between stations decreases exponentially 

with increasing distance. We visually compared the results obtained using exponential 

autocorrelation with some of the other autocorrelation models available and found (a) 

no obvious or major differences between then different autocorrelation models and (b) 

that using exponential autocorrelation gave a similar pattern to the gridded data. It is 

recommended though that some formal testing be conducted to objectively determine 

the sensitivities and uncertainties associated with using various spatial interpolation 

methods to convert the station data to something that is comparable with the gridded 

data. 

http://desktop.arcgis.com/en/arcmap/10.3/tools/3d-analyst-toolbox/how-kriging-works.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/3d-analyst-toolbox/how-kriging-works.htm
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A.1 Comparison between CRU and PRINCETON gridded temperature 
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A.2 Comparison between CRU and APHRODITE gridded precipitation 
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A.3 Comparison between PRINCETON gridded maximum temperature and 

the spatially interpolated final “cleared” observed station-based 

maximum temperature data 
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A.4 Comparison between PRINCETON gridded minimum temperature and 

the spatially interpolated final “cleared” observed station-based 

minimum temperature data 
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A.5 Comparison between APHRODITE gridded precipitation and the 

spatially interpolated final “cleared” observed station-based 

precipitation data 
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Appendix B – Correlation between selected indicators of historical hydroclimatic conditions in 
the LMB and large-scale ocean-atmospheric processes known to influence Southeast Asia 

B.1 Correlation between highest maximum daily temperature (Indicator 1 from Table 2) and large-scale ocean-

atmospheric processes known to influence Southeast Asia 

STA_ID_MRC STA_NAME LAT LONG Nino3 Nino3.4 ONI SOI WIO SEIO DMI WNPM ISM 

110425 Pochentong 11.55 104.85 0.00 0.10 0.10 -0.11 -0.06 -0.08 0.03 0.00 0.38 

110514 Prey Veng 12.54 103.91 0.17 0.19 0.17 -0.11 0.04 -0.09 0.16 -0.07 -0.05 

120504 Kampong Cham 12.69 104.90 0.16 0.19 0.17 -0.05 0.51 0.62 -0.19 -0.25 -0.08 

130305 Battambang 11.99 105.47 -0.05 -0.06 -0.07 0.04 0.11 0.27 -0.21 -0.14 0.38 

110411 Phnom Penh (Ville) 11.46 104.52 -0.02 -0.02 -0.05 0.22 0.29 0.29 -0.04 -0.23 0.10 

170203 Vientiane DMH 11.90 105.47 -0.15 -0.12 -0.07 0.06 -0.10 0.15 -0.31 -0.22 0.29 

190202 Louangphabang 17.97 102.57 -0.36 -0.28 -0.27 0.11 -0.28 0.08 -0.41 -0.22 0.09 

160405 Savannakhet 19.90 102.17 0.18 0.13 0.15 -0.19 -0.03 0.07 -0.12 -0.33 0.32 

199904 Phayao 19.24 101.71 0.01 0.08 0.11 -0.10 -0.13 0.31 -0.53 -0.18 0.13 

150308 Tha Tum 18.95 102.45 0.30 0.23 0.24 -0.24 0.01 -0.02 0.04 -0.25 0.06 

130204 Aranyaprathet 17.40 104.81 -0.09 -0.11 -0.10 0.04 -0.09 0.35 -0.52 -0.44 0.42 

140302 Surin 16.55 104.75 -0.05 -0.10 -0.04 -0.03 -0.15 0.11 -0.30 -0.26 0.17 

150102 Chaiyaphum 15.12 105.86 -0.12 -0.13 -0.11 0.12 -0.01 0.38 -0.47 -0.26 0.45 

150401 Ubon 14.65 105.82 0.04 0.08 0.10 -0.08 -0.05 0.33 -0.46 -0.18 0.43 

160202 Khon Kaen 18.30 105.07 -0.21 -0.15 -0.15 -0.02 -0.34 -0.04 -0.33 -0.28 0.35 

160301 Roi Et 14.71 106.20 0.10 -0.03 -0.01 -0.01 0.22 0.27 -0.09 -0.50 0.06 

160401 Mukdahan 14.33 105.87 -0.27 -0.25 -0.26 0.14 -0.21 0.03 -0.27 -0.37 0.45 

170101 Loei 14.12 105.82 -0.13 -0.13 -0.12 0.08 -0.08 0.34 -0.50 -0.32 0.29 

170202 Udon Thani 19.20 99.98 -0.29 -0.29 -0.29 0.22 0.07 0.34 -0.34 -0.20 0.35 
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STA_ID_MRC STA_NAME LAT LONG Nino3 Nino3.4 ONI SOI WIO SEIO DMI WNPM ISM 

170206 Nong Khai 15.32 103.68 -0.04 0.03 0.06 -0.09 -0.10 0.23 -0.40 -0.09 0.14 

170401 Sakon Nakon 14.97 102.12 -0.40 -0.34 -0.35 0.31 -0.29 0.17 -0.54 -0.49 0.47 

170403 Nakhon Phanom 20.26 100.09 0.02 0.02 0.04 -0.08 -0.18 0.06 -0.28 -0.41 0.16 

199907 Chiang Rai 13.68 102.52 0.00 0.02 0.06 -0.12 -0.08 0.03 -0.13 -0.15 0.28 

N/A A. Muang Chiang Mai 14.88 103.48 0.01 0.04 0.05 -0.03 0.15 0.38 -0.30 -0.26 0.11 

N/A A. Tha Wang Pha 15.80 101.85 -0.25 -0.26 -0.25 0.30 0.07 0.27 -0.25 -0.40 0.25 

N/A A. Muang Phetchabun 15.25 104.88 -0.11 -0.10 -0.07 0.09 -0.12 0.20 -0.37 -0.33 0.14 

N/A A. Bua Chum 16.33 102.85 -0.13 -0.11 -0.12 0.11 -0.07 0.31 -0.45 -0.32 0.26 

N/A A. Muang Prachinburi 16.05 103.68 -0.05 0.01 0.04 -0.14 -0.36 -0.18 -0.18 0.06 0.07 

120801 B-me Thuot 16.53 104.73 0.11 0.09 0.12 -0.16 -0.11 0.22 -0.39 -0.49 0.28 

90503 Ca Mau 17.45 101.73 -0.05 -0.08 -0.03 -0.03 -0.21 0.00 -0.24 -0.31 0.24 

170602 Dong Hoi 17.43 102.77 0.07 0.08 0.12 -0.29 -0.30 -0.35 0.09 0.04 0.02 

180504 Ha Tinh 17.87 102.75 -0.09 -0.04 -0.03 -0.03 -0.04 0.02 -0.07 -0.12 0.30 

160704 Hue 17.17 104.15 0.09 0.04 0.07 -0.06 -0.12 0.00 -0.13 -0.44 0.38 

140703 P-lay Cu 17.50 104.33 0.02 0.06 0.11 -0.26 -0.49 -0.20 -0.30 -0.05 0.21 

100504 Rach Gia 19.92 99.83 -0.06 -0.03 0.00 -0.12 -0.31 -0.09 -0.24 -0.09 0.11 
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B.2 Correlation between annual (Mar-Feb) precipitation (Indicator 8 from Table 2) and large-scale ocean-

atmospheric processes known to influence Southeast Asia 

STA_ID_MRC STA_NAME LAT LONG Nino3 Nino3.4 ONI SOI WIO SEIO DMI WNPM ISM 

110425 Pochentong 11.55 104.85 0.00 0.01 0.04 -0.16 -0.36 -0.40 0.09 -0.03 0.10 

120302 Pursat 12.54 103.91 -0.18 -0.08 -0.07 -0.11 -0.37 -0.23 -0.13 -0.14 0.40 

120404 Kampong Thom 12.69 104.90 0.05 0.21 0.23 -0.42 -0.53 -0.46 -0.02 0.25 0.38 

120504 Kampong Cham 11.99 105.47 -0.08 0.00 0.04 -0.19 -0.61 -0.40 -0.20 0.10 0.40 

640102 Kampong Speu 11.46 104.52 -0.59 -0.62 -0.64 0.64 -0.17 0.12 -0.34 -0.14 0.11 

110526 Chroy Thmar 11.90 105.47 0.00 0.05 0.09 -0.22 -0.57 -0.51 -0.02 -0.04 0.33 

170203 Vientiane DMH 17.97 102.57 -0.20 -0.17 -0.19 0.17 0.01 -0.06 0.08 0.06 -0.20 

190202 Louangphabang 19.90 102.17 -0.19 -0.03 -0.06 0.11 -0.09 -0.06 -0.02 0.39 -0.12 

190103 Xayabouli 19.24 101.71 -0.26 -0.15 -0.16 0.09 -0.22 -0.17 -0.02 0.31 -0.05 

180207 Vangviang 18.95 102.45 -0.07 0.02 -0.05 0.09 0.17 0.29 -0.17 0.20 0.22 

170404 Thakhek 17.40 104.81 0.00 0.11 0.06 0.03 0.27 0.20 0.04 0.27 0.09 

160405 Savannakhet 16.55 104.75 -0.08 0.09 0.06 0.02 -0.11 0.11 -0.23 0.44 -0.14 

150504 Pakxe 15.12 105.86 0.25 0.30 0.32 -0.22 -0.07 -0.37 0.35 0.38 -0.15 

140506 Soukhouma 14.65 105.82 0.14 0.19 0.21 -0.07 -0.01 -0.19 0.20 0.29 -0.13 

180501 Nape 18.30 105.07 -0.04 0.07 0.10 0.02 -0.26 0.04 -0.30 0.11 0.23 

150605 Nonghine 14.71 106.20 0.10 0.23 0.26 -0.25 -0.39 -0.47 0.15 0.41 0.04 

140504 Mounlapamok 14.33 105.87 0.31 0.37 0.35 -0.30 -0.04 -0.29 0.29 0.43 0.18 

140501 Muong Khong 14.12 105.82 0.42 0.40 0.40 -0.23 0.37 -0.02 0.39 0.08 -0.13 

199904 Phayao 19.20 99.98 -0.13 -0.14 -0.16 0.19 0.32 0.23 0.07 -0.04 0.22 

150308 Tha Tum 15.32 103.68 -0.17 -0.04 0.00 -0.09 -0.66 -0.27 -0.40 0.10 0.20 

140205 Korat 14.97 102.12 -0.50 -0.58 -0.59 0.58 0.04 0.32 -0.35 -0.43 -0.01 

200002 Chiang Saen 20.26 100.09 0.07 0.09 0.12 -0.24 -0.19 -0.26 0.11 0.14 0.04 

130204 Aranyaprathet 13.68 102.52 -0.37 -0.42 -0.40 0.37 -0.10 -0.38 0.35 -0.03 0.03 

140302 Surin 14.88 103.48 -0.09 -0.06 -0.09 0.26 0.26 0.13 0.13 0.28 -0.04 
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150102 Chaiyaphum 15.80 101.85 -0.25 -0.30 -0.33 0.44 0.27 0.28 -0.04 -0.32 -0.21 

150401 Ubon 15.25 104.88 0.04 0.08 0.07 -0.05 0.14 -0.03 0.19 0.46 -0.27 

160202 Khon Kaen 16.33 102.85 -0.14 -0.20 -0.22 0.28 0.21 0.19 0.01 -0.03 0.04 

160301 Roi Et 16.05 103.68 -0.21 -0.26 -0.26 0.26 0.21 0.22 -0.03 0.16 -0.05 

160401 Mukdahan 16.53 104.73 -0.05 0.05 0.04 0.06 -0.11 0.13 -0.28 0.32 -0.07 

170101 Loei 17.45 101.73 -0.35 -0.41 -0.43 0.56 0.36 0.58 -0.30 -0.29 -0.14 

170202 Udon Thani 17.43 102.77 -0.18 -0.09 -0.12 0.26 0.12 0.05 0.07 0.27 -0.04 

170206 Nong Khai 17.87 102.75 0.07 0.06 0.04 0.07 0.19 -0.09 0.32 0.42 -0.32 

170401 Sakon Nakon 17.17 104.15 -0.01 0.07 0.06 0.03 -0.02 -0.08 0.07 0.43 -0.05 

170403 Nakhon Phanom 17.50 104.33 0.00 0.08 0.06 0.02 -0.06 -0.22 0.20 0.54 -0.16 

199907 Chiang Rai 19.92 99.83 -0.31 -0.28 -0.30 0.21 0.09 -0.05 0.16 0.16 0.20 

140105 
A. Pak Chong, Agri 
Office 14.70 101.41 -0.37 -0.47 -0.51 0.68 0.32 0.41 -0.15 -0.30 -0.07 

N/A A. Muang Chiang Mai 18.84 98.97 -0.26 -0.13 -0.13 0.10 -0.10 -0.16 0.09 0.29 0.17 

N/A A. Tha Wang Pha 19.12 100.81 -0.29 -0.31 -0.34 0.36 -0.05 -0.02 -0.03 -0.03 0.08 

N/A A. Muang Nan 18.78 100.77 -0.32 -0.39 -0.42 0.39 0.22 0.12 0.10 -0.21 0.26 

N/A A. Muang Phetchabun 16.42 101.16 0.13 0.11 0.08 0.04 0.34 -0.04 0.43 0.21 0.03 

N/A A. Bua Chum 15.27 101.18 -0.10 -0.13 -0.12 0.26 0.19 0.11 0.07 0.00 -0.14 

140101 Ban Pak Huai 17.70 101.42 -0.25 -0.33 -0.37 0.56 0.44 0.46 -0.07 -0.14 -0.17 

140201 Nang Rong 14.63 102.80 -0.27 -0.40 -0.44 0.56 0.35 0.38 -0.07 -0.29 0.02 

140203 Pak Thong Chai 14.72 102.02 -0.20 -0.31 -0.33 0.47 0.34 0.26 0.06 -0.15 -0.20 

140204 KhonBuri 14.52 102.25 -0.23 -0.29 -0.29 0.43 0.36 0.24 0.10 -0.10 -0.16 

140303 Prakhon Chai 14.60 103.08 0.08 -0.11 -0.13 0.17 0.17 -0.02 0.22 -0.17 -0.18 

140304 Sikhoraphum 14.95 103.80 -0.08 -0.10 -0.13 0.22 0.13 0.03 0.10 0.09 -0.26 

140306 PRASAT 14.63 103.40 -0.06 -0.13 -0.12 0.23 0.02 0.02 0.00 0.01 0.04 

140307 Ban Kruat 14.42 103.10 -0.31 -0.45 -0.46 0.55 0.23 0.39 -0.21 -0.22 -0.06 

140402 Khukhan 14.72 104.20 -0.21 -0.29 -0.32 0.34 -0.01 -0.07 0.08 -0.02 0.16 
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140502 Buntharik 14.75 105.25 0.14 0.16 0.16 -0.17 -0.26 -0.24 0.00 0.08 -0.03 

140601 DetUdom 14.90 105.08 0.02 0.04 0.06 -0.08 -0.24 -0.31 0.11 0.32 -0.25 

150103 Sung Noen 15.13 101.80 -0.17 -0.31 -0.31 0.43 0.28 0.13 0.15 -0.18 -0.15 

150104 Sikhiu 15.07 101.67 -0.17 -0.29 -0.31 0.44 0.33 0.10 0.25 -0.14 -0.23 

150105 Dan KhunThot 15.20 101.77 -0.16 -0.26 -0.29 0.44 0.33 0.21 0.12 -0.18 -0.18 

150107 BamnetNarong 15.50 101.68 -0.28 -0.37 -0.40 0.49 0.27 0.13 0.14 -0.14 -0.15 

150201 Phimai 15.22 102.50 -0.29 -0.35 -0.38 0.50 0.19 0.01 0.20 0.04 -0.10 

150202 Phon 15.82 102.60 -0.27 -0.41 -0.42 0.53 0.32 0.29 0.01 -0.12 -0.10 

150203 BuaYai 15.58 102.43 -0.20 -0.29 -0.30 0.43 0.28 0.09 0.20 0.01 -0.28 

150205 LamjPlai Mat 15.02 102.83 0.07 -0.11 -0.14 0.26 0.33 0.28 0.02 -0.36 -0.13 

150206 Khong 15.43 102.33 -0.28 -0.32 -0.34 0.40 0.16 0.06 0.10 -0.17 -0.01 

150208 Non Sung 15.18 102.27 -0.40 -0.49 -0.48 0.58 0.06 0.00 0.07 -0.22 -0.04 

150302 Phutthaisong 15.53 104.00 -0.25 -0.38 -0.41 0.43 0.01 -0.02 0.03 -0.16 0.05 

150303 Rattanaburi 15.32 103.85 -0.15 -0.17 -0.21 0.30 0.15 -0.01 0.19 0.20 -0.19 

150304 Suwannaphum 15.60 103.80 -0.26 -0.30 -0.32 0.44 0.11 0.09 0.02 0.22 -0.21 

150306 Phayakkaphumphisai 15.52 103.20 -0.03 -0.08 -0.14 0.22 0.46 0.23 0.23 0.13 -0.17 

150307 WapiPathum 15.85 103.38 -0.11 -0.12 -0.16 0.28 0.40 0.23 0.16 0.16 -0.10 

150311 Satuk 15.30 103.30 -0.16 -0.26 -0.27 0.40 0.41 0.34 0.05 0.01 -0.16 

150403 AmnatChareon 15.85 104.63 -0.05 -0.07 -0.06 0.18 0.16 0.16 -0.02 0.29 -0.13 

150404 Sisaket 15.12 104.33 -0.16 -0.21 -0.23 0.29 -0.04 -0.10 0.08 0.24 0.13 

150408 Kham KeutKaeo 15.65 104.32 -0.21 -0.24 -0.25 0.28 -0.02 0.03 -0.06 0.13 0.06 

150409 KhuangNai 15.38 104.55 -0.16 -0.20 -0.20 0.34 0.13 0.08 0.04 0.14 0.05 

150410 MUANG SAMSIP 15.52 104.73 -0.02 0.01 0.02 -0.03 -0.26 -0.32 0.10 0.36 -0.10 

150411 WarinChamrap 15.20 104.87 0.08 0.05 0.05 -0.09 0.03 -0.08 0.13 0.27 -0.23 

150501 PhibunMangsahan 15.25 105.25 -0.01 -0.04 -0.01 0.02 -0.30 -0.34 0.08 0.36 -0.07 

150502 TrakanPhutphon 15.62 105.03 0.09 0.14 0.11 -0.06 -0.01 -0.07 0.08 0.44 -0.06 
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150503 KhongChiam 15.32 105.50 0.09 0.22 0.22 -0.13 -0.11 -0.18 0.10 0.51 -0.06 

160103 KasetSombun 16.28 101.97 -0.10 -0.22 -0.24 0.43 0.45 0.27 0.17 -0.06 -0.13 

160105 Ban Si Than 16.88 101.88 -0.26 -0.30 -0.32 0.44 0.35 0.39 -0.09 -0.12 -0.17 

160106 PhuKradung 16.88 101.75 -0.49 -0.55 -0.55 0.59 0.24 0.37 -0.18 -0.30 0.03 

160201 PhuWiang 16.65 102.38 0.06 0.02 0.01 0.20 0.50 0.24 0.27 0.13 -0.19 

160203 Ban Phai 16.07 102.73 -0.18 -0.27 -0.31 0.44 0.60 0.53 0.01 -0.18 -0.14 

160204 Ubolratana Dam 16.65 102.97 -0.07 -0.14 -0.18 0.34 0.30 0.19 0.11 0.18 -0.13 

160205 PhuKhieo 16.37 102.13 -0.10 -0.17 -0.20 0.38 0.46 0.40 0.03 -0.08 -0.16 

160206 Mancha Khiri 16.13 102.55 -0.13 -0.17 -0.22 0.38 0.44 0.36 0.05 0.07 -0.17 

160207 Chum Phae 16.55 102.10 -0.10 -0.05 -0.07 0.15 0.36 0.33 0.00 0.10 0.04 

160208 Non Sang 16.85 102.57 0.02 -0.02 -0.04 0.27 0.48 0.34 0.11 0.09 0.02 

160210 Ban Na NongThum 16.67 102.00 -0.06 -0.12 -0.13 0.32 0.47 0.29 0.17 0.03 0.05 

160211 Ban NongRua 16.73 102.52 -0.11 -0.14 -0.20 0.34 0.55 0.39 0.13 0.04 -0.02 

160302 Kalasin 16.43 103.52 0.06 0.04 0.03 0.04 0.32 0.13 0.20 0.35 -0.13 

160303 MahaSarakham 16.18 103.30 -0.19 -0.26 -0.28 0.40 0.19 0.25 -0.10 -0.10 -0.13 

160304 Selaphum 16.03 103.93 -0.15 -0.14 -0.16 0.24 0.30 0.45 -0.22 0.13 0.15 

160306 Sahatsakhan 16.78 103.58 0.06 0.11 0.11 0.03 0.14 0.06 0.09 0.50 -0.18 

160307 Yang Talat 16.40 103.37 -0.04 -0.02 -0.03 0.17 0.31 0.04 0.30 0.26 -0.17 

160308 Kantharawichai 16.32 103.08 -0.23 -0.23 -0.25 0.41 0.19 0.22 -0.06 0.23 -0.13 

160309 KosumPhisai 16.25 103.07 -0.32 -0.40 -0.44 0.60 0.20 0.28 -0.12 -0.10 -0.02 

160312 Borabu 16.03 103.12 -0.19 -0.25 -0.28 0.43 0.34 0.43 -0.15 0.06 -0.05 

160402 Na Kae 16.95 104.50 -0.20 -0.15 -0.14 0.19 -0.10 -0.15 0.08 0.27 -0.15 

160403 That Phanom 16.95 104.73 0.15 0.16 0.15 0.02 0.22 0.06 0.17 0.44 -0.25 

160404 LoengNokTha 16.20 104.52 -0.08 0.03 0.03 0.00 -0.08 0.05 -0.15 0.42 0.03 

160406 Kham Cha-i 16.57 104.42 -0.09 -0.08 -0.06 0.13 -0.08 -0.12 0.05 0.26 -0.11 

160407 Kuchinarai 16.53 104.07 0.05 0.03 -0.01 0.10 0.30 0.27 0.00 0.18 0.22 
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160408 Ban Kham Pa Lai 16.72 104.63 0.05 0.11 0.07 -0.01 0.02 -0.15 0.20 0.42 0.04 

160501 Chanuman 16.22 105.02 0.09 0.00 -0.03 0.06 0.00 -0.15 0.18 0.08 -0.10 

170102 Wang Saphung 17.30 101.77 -0.33 -0.38 -0.39 0.50 0.26 0.24 0.00 -0.04 -0.16 

170104 Dan Sai 17.28 101.15 0.00 -0.08 -0.13 0.21 0.32 0.00 0.36 -0.20 -0.20 

170105 Chiang Khan 17.90 101.67 -0.13 -0.21 -0.23 0.38 0.42 0.32 0.07 -0.08 -0.09 

170107 Nam San Dam Site 17.47 101.25 0.02 -0.04 -0.08 0.25 0.50 0.21 0.30 0.00 -0.14 

170108 Ban RaiPhuai 17.05 101.87 -0.16 -0.31 -0.36 0.45 0.44 0.40 0.00 -0.29 0.00 

170201 Tha Bo 17.85 102.58 -0.04 -0.03 -0.05 0.11 0.18 -0.17 0.41 0.27 0.00 

170205 Ban Phu 17.68 102.48 0.04 -0.01 -0.04 0.08 0.26 -0.04 0.35 0.04 -0.18 

170211 Ban Na Si 17.55 102.65 -0.11 -0.13 -0.17 0.25 0.35 0.27 0.06 0.18 -0.01 

170213 Ban Thuam 17.57 102.68 -0.15 -0.15 -0.18 0.28 0.26 0.30 -0.07 0.16 -0.08 

170301 Kumphawapi 17.12 103.02 -0.15 -0.22 -0.26 0.42 0.30 0.31 -0.04 0.04 -0.09 

170302 Nong Han 17.37 103.12 -0.21 -0.19 -0.21 0.28 -0.02 -0.12 0.12 0.15 -0.14 

170304 PhannaNikhom 17.35 103.85 -0.25 -0.14 -0.14 0.17 -0.15 0.01 -0.18 0.31 -0.10 

170305 SawangDaen Din 17.47 103.47 -0.31 -0.28 -0.30 0.37 -0.08 -0.12 0.05 0.27 -0.07 

170306 Phen 17.70 103.92 -0.27 -0.12 -0.12 0.08 -0.34 -0.34 0.04 0.29 0.03 

170307 Waritchaphum 17.30 103.63 -0.10 -0.07 -0.10 0.25 0.23 0.03 0.22 0.22 -0.17 

170402 ThaUthen 17.57 104.53 0.10 0.17 0.19 -0.27 -0.48 -0.56 0.15 0.26 -0.01 

170405 Sisongkhram 17.63 104.25 0.04 0.11 0.12 -0.17 -0.38 -0.53 0.23 0.26 -0.05 

170406 Ban Phaeng 17.97 104.22 -0.15 -0.07 -0.03 -0.06 -0.59 -0.37 -0.20 0.25 0.23 

180208 Ban Pha Tang 18.02 102.37 0.01 0.14 0.13 -0.15 -0.14 -0.13 0.00 0.38 -0.11 

180301 PhonPhisai 18.02 103.08 0.20 0.31 0.31 -0.36 -0.25 -0.40 0.20 0.31 -0.01 

180302 Bung Kan 18.33 103.42 0.10 0.10 0.13 -0.20 -0.25 -0.26 0.05 0.19 0.05 

180305 Ban ThaKokDaeng 18.03 103.50 -0.20 -0.09 -0.07 0.04 -0.43 -0.15 -0.29 0.48 0.25 

190002 Chiang Kham 19.52 100.30 -0.11 -0.06 -0.06 0.04 0.04 -0.24 0.33 0.32 -0.05 

190008 KhaoIng Rod 19.43 100.07 0.05 0.08 0.08 0.08 0.42 0.20 0.22 0.24 -0.19 
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190009 Ban HuaiTham 19.07 100.07 -0.20 -0.17 -0.20 0.22 0.23 -0.02 0.27 0.19 -0.11 

199901 Fang 19.97 99.23 -0.26 -0.23 -0.24 0.32 0.15 0.09 0.06 0.09 0.10 

199913 Mae Suai Dam Site 19.70 99.52 -0.16 -0.14 -0.15 0.20 0.26 0.12 0.15 0.01 -0.13 

200001 Chiang Khong 20.26 100.41 -0.13 -0.19 -0.21 0.16 0.03 -0.03 0.07 -0.08 0.31 

209901 Mae  Chan 20.15 99.87 0.08 -0.07 -0.04 0.04 0.18 0.03 0.16 -0.09 -0.17 

209902 Ban Mae Ai 20.03 99.30 -0.22 -0.20 -0.22 0.21 -0.05 -0.08 0.03 0.15 0.20 

150208 Non Thai 15.20 102.07 -0.36 -0.42 -0.39 0.45 -0.01 -0.02 0.01 -0.14 0.02 

150407 Rasi Salai 15.33 104.15 0.04 0.02 -0.01 0.14 0.36 0.04 0.35 0.29 -0.11 

160705 A Luoi 16.20 107.42 -0.34 -0.28 -0.30 0.45 -0.25 0.18 -0.44 -0.24 0.42 

130803 An Khe 13.93 108.65 -0.29 -0.35 -0.36 0.47 -0.30 -0.15 -0.12 -0.20 0.07 

130804 Ayunpa 13.52 108.43 -0.27 -0.37 -0.36 0.40 -0.29 -0.05 -0.23 -0.46 0.29 

100612 Ba Tri 10.03 106.60 -0.39 -0.32 -0.38 0.21 -0.23 -0.28 0.09 -0.17 0.17 

90507 Bac Lieu 9.28 105.72 -0.23 -0.27 -0.28 0.31 -0.05 -0.16 0.12 0.02 0.12 

120801 B-me Thuot 12.67 108.05 -0.27 -0.40 -0.39 0.49 0.00 0.19 -0.21 -0.34 0.31 

120805 Buon Ho 12.90 108.27 -0.26 -0.26 -0.28 0.36 -0.24 0.12 -0.37 0.04 0.14 

90503 Ca Mau 9.17 105.17 0.29 0.22 0.19 -0.14 0.13 -0.02 0.15 -0.27 0.32 

100509 Can Tho 10.03 105.78 -0.12 -0.27 -0.28 0.25 -0.10 0.11 -0.23 -0.52 0.26 

100502 Cao Lanh 10.47 105.63 -0.40 -0.46 -0.50 0.48 -0.10 -0.08 -0.01 -0.35 0.17 

100505 Chau Doc 10.77 105.15 -0.26 -0.39 -0.39 0.35 -0.12 -0.06 -0.04 -0.19 -0.01 

120712 Dac Nong 12.00 107.68 -0.02 0.05 0.03 0.08 -0.13 0.28 -0.45 0.17 0.15 

210301 Dien Bien 21.40 103.02 0.09 0.18 0.18 -0.19 -0.18 -0.20 0.06 0.26 0.05 

160706 Dong Ha 16.83 107.08 -0.10 -0.04 -0.03 0.13 -0.17 0.34 -0.55 0.15 0.20 

170602 Dong Hoi 17.47 106.62 -0.04 0.04 0.07 -0.08 -0.29 0.03 -0.32 0.23 -0.12 

180504 Ha Tinh 18.40 105.90 -0.05 0.05 0.06 -0.14 -0.43 -0.22 -0.16 0.27 0.19 

160704 Hue 16.40 107.70 -0.15 -0.19 -0.20 0.29 -0.13 0.23 -0.39 -0.12 0.12 

180505 Huong Khe 18.40 105.70 -0.15 -0.06 -0.03 0.13 -0.31 0.04 -0.35 0.12 0.21 
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160611 Khe Sanh 16.63 106.83 -0.36 -0.26 -0.26 0.38 -0.27 0.17 -0.46 0.06 0.17 

180601 Ky Anh 18.08 106.28 0.03 0.10 0.13 -0.13 -0.31 -0.05 -0.24 0.14 0.07 

220301 Lai Chau 22.07 103.15 0.16 0.24 0.22 -0.13 0.24 0.09 0.13 0.18 -0.08 

120806 M Drac 12.70 108.78 -0.39 -0.41 -0.43 0.55 -0.29 0.16 -0.47 -0.28 0.37 

100511 Moc Hoa 10.75 105.93 -0.18 -0.19 -0.21 0.27 -0.03 -0.01 -0.01 -0.17 -0.16 

220201 Muong Te 22.38 102.83 0.23 0.23 0.23 -0.10 0.19 0.20 -0.04 0.11 -0.05 

100605 My Tho 10.35 106.38 -0.18 -0.26 -0.28 0.21 -0.04 -0.23 0.22 -0.25 0.18 

210302 Pha Din 21.57 103.52 -0.15 -0.02 -0.06 0.11 -0.11 0.05 -0.16 0.25 0.25 

140703 P-lay Cu 13.98 108.00 -0.05 0.07 0.08 -0.04 -0.49 -0.45 0.03 0.50 0.05 

210303 Quynh Nhai 20.85 103.55 0.04 0.17 0.13 -0.12 0.06 0.01 0.05 0.32 0.09 

100504 Rach Gia 10.02 105.13 -0.21 -0.17 -0.21 0.28 0.04 -0.01 0.05 -0.13 0.21 

220302 Sin Ho 22.32 103.23 0.19 0.15 0.15 -0.12 0.21 0.26 -0.09 0.06 0.16 

90501 Soc Trang 9.60 105.97 -0.09 -0.17 -0.17 0.18 -0.02 -0.26 0.28 -0.14 -0.07 

210304 Son La 21.32 103.88 -0.10 -0.03 -0.04 -0.09 -0.25 -0.31 0.11 0.18 0.00 

220303 Tam Duong 22.42 103.48 0.17 0.19 0.22 -0.19 -0.06 0.04 -0.10 0.12 -0.08 

210305 Tuan Giao 21.60 103.42 0.08 0.15 0.08 -0.11 0.28 0.12 0.13 0.12 0.02 

170603 Tuyen Hoa 17.82 106.20 -0.29 -0.18 -0.16 0.24 -0.49 -0.06 -0.41 0.09 0.10 
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Appendix C – List of Supplementary Material (data, tables, 
figures, spreadsheets, program code/scripts) supplied via 
Dropbox 

Below is a list of the Supplementary Material supplied via Dropbox. The information 

contained in this report is an example, from selected locations, as to what is available in 

the Supplementary Material.  

 

“Stage1-station-based dataset” folder contains: 

¶ The “final cleared and infilled” datasets for daily TMAX, TMIN and PREC. 

 

“Stage2-defining baseline period” folder contains: 

¶ papers and reports used to establish which baseline period(s) have or are being 

used in MRC activities. 

 

“Stage3-indicator time series” folder contains: 

¶ Fortran code used to calculate the indicators. 

¶ MATLAB code used to create time series plots for Indicators 1-15 (i.e. the 

indicators related to temperature and precipitation). 

¶ Microsoft Excel spreadsheets used to create time series plots for Indicators 19-21 

(i.e. the indicators related to storms and typhoons). 

¶ Time series plots for all stations and all indicators (except, due to insufficient 

data, Indicators 16-18 (i.e. the indicators related to evaporation, relative humidity 

and sunshine duration)). 

 

“Stage4-trends, variability, changes precip and temp” folder contains: 

¶ MATLAB code used to create cumulative residual plots and boxplots used for 

exploratory analysis for Indicators 1-15 (i.e. the indicators related to temperature 

and precipitation). 

¶ Fortran code and Microsoft Excel spreadsheets used to conduct statistical tests 

for the existence (or not) of trends for Indicators 1-15 (i.e. the indicators related to 

temperature and precipitation). 

¶ Fortran code and Microsoft Excel spreadsheets used to conduct statistical tests to 

determine whether the early part of the baseline period is statistically 

significantly different to the end of the baseline period for Indicators 1-15 (i.e. the 

indicators related to temperature and precipitation). 

¶ Fortran code and Microsoft Excel spreadsheets used to conduct statistical tests to 

identify step changes (or break points) for Indicator 1 and Indicator 8. 
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“Stage5-trends, variability, changes storms and typhoons” folder contains: 

¶ Microsoft Excel spreadsheets used to conduct statistical tests (trends, significant 

difference between first and last decade of baseline period, and step changes) on 

Indicators 19-21 (i.e. the indicators related to storms and typhoons). 

 

“Stage6-relationship between selected indicators and large-scale ocean-atmospheric 

processes” folder contains: 

¶ Fortran code and Microsoft Excel spreadsheets used to establish the relationships 

and conduct statistical tests to determine relationships between selected 

indicators (Indicators 1 and 8) and large-scale ocean-atmospheric processes. 

¶ MATLAB code used to create scatter plots and boxplots to illustrate the 

relationships between selected indicators and large-scale ocean-atmospheric 

processes (for four indicative stations only, one for each Member Country). 

 

“Stage7-representativeness of baseline” folder contains: 

¶ Microsoft Excel spreadsheets used to analyse the representativeness of the 

established baseline period (from Stage 2) in accurately capturing trends, 

variability and changes in historical hydroclimatic conditions in the LMB – for 

daily TMAX, TMIN and PREC. 

 

 


