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1. HIGH WINDS

1.1 Indicator Summary

January 2005

Indicator number: 01
Indicator short name: High Winds
Sub-index Hazards

Categorisation

Weather & Climate

Indicator text:

Average annual excess wind over the last five years
(summing speeds on days during which the maximum
recorded wind speed is greater than 20% higher than the
30 year average maximum wind speed for that month)
averaged over all reference climate stations.

Signals captured:

Vulnerability to cyclones, tornadoes, storms, erosion, habitat
damage, disturbance. This indicator captures the likelihood of
damage from frequent and severe wind that can affect forests, fan
fires, create storm surges, dry soils, spread air pollution, and interact
with other stressors. Because this indicator is expressed in relation
to the 30 year monthly means, a high score could indicate shifts in
weather patterns and climate, and could negatively affect a
countryds resil i eThesgnd genemtedh er h
captures not only the frequency of high winds, but also their

strength.

Notes on this indicator:

1 Raw values of summed deviations were adjusted for each
individual climate station to account for missing days of data.
This was done by multiplying the summed deviations across
days with more than 20% higher maximum wind speed, by the
total number of days in the 5 year period (1826 days) and
dividing by the number of days for that station that had data
(many stations have missing days) = [(S Deviations * 1826) /
days with data]. The adjustment was done to ensure stations
with fewer days of data were comparable with those which had
more.

1 Inits original form, this indicator called for data on the number of
days with >20% higher maximum wind speeds over the 30-year
mean. We adjusted the indicator to sum all the deviations
above the threshold so that countries with only slight excess
could be distinguished from those with large ones.

Are suitable data available?

Yes

Sources of data:

1 NOAA DATSAV3 Surface SOD 1973-2003. National Climatic
Data Centre, 151 Patton Avenue, Asheville, NC 28801-5001

No. countries included in test:

184 of 235

Temporary modifications to
data or indicator, if applicable:

1 The 30 year means against which deviations were calculated
and summed were extracted from the same datasets. The
means were actually calculated over 31 years of data between
the years 1973-2003. In future evaluations a 30 year mean will
be used.

Notes on data age,
completeness and quality:

No in-country data were available for this indicator

Basic units:

Values are total knots of excess wind per year. These are as
annual averages over the past 5 years of summed deviations of
daily maximum windspeeds that are more than 20% higher than the
30 year monthly mean maximum wind speeds, calculated for each
climate station in a country and then averaged over all climate
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stations.

Recommended transforms: 1 LN(X)

Proposed EVI Scale EVI Score =1 X¢5
EVI Score = 2 5<X¢53
EVI Score = 3 53<X(¢5.6
EVI Score =4 56<X¢5.9
EVI Score = 5 59<X¢6.1
EVI Score = 6 6.1<X¢6.4
EVI Score =7 6.4 <X
NA (not applicable) W May not be used
ND (no data) X May be used

Future work on this indicator: 1 Permanent mechanisms for easily procuring world weather data
and extracting the relevant information for re-evaluations of this

indicator are needed.

1.2 Description of raw data

The data for this indicator comprise the excess of expected maximum wind speeds over
the past 5 years, based on 30 year averages and calculated separately and then
averaged for climate station. Values are only included if the maximum wind speed for
any day for a station was more than 20% higher than its expected monthly average value,
so minor deviations are omitted from the signal.

Data were available for 184 countries of the 235 included in the index. Some countries
had only 1 climate station (e.g. Albania, Burundi) and the maximum number of stations for
any country was 1587 (for USA). The 5 years assessed were 1999-2003, and the
reference values for deviations were calculated from the 31 years between 1973-2003 (in
future evaluations of the EVI, reference means will be from the last 30 years, not 31).

The number of days with excess wind speeds (i.e. those with maximum wind speeds
more than 20% above the expected mean) varied between 801 in Barbados and 1 in
Equatorial Guinea, with a global mean of 267 days (standard deviation = 157).

The average annual excess wind over the last 5 years varied between 89 (Jamaica) and
5049 (Belize) knots per year. The world average (based on 184 countries) was 354
knots, with the median value at 287 kts (Table 1.1). The standard deviation among
observations was 402 kts, which is only 1.1 times the mean. The Standard Error (SE)
was around 30, which is around 8% of the mean.

The average annual amount of excess wind recorded in countries did not correlate
significantly with their size, as measured by land area (Figure 1.1).

Tablel.l: Basic statistics facess wind 184countries

Statistic Excess wind LN(X) transformed data
Mean 354 5.68

Median 287 5.66

Valid n 184 184

Minimum 89.08 4.49
Maximum 5049.71 8.53

SD (Standard deviation) 402.33 0.54

SE (Standard error) 29.66 0.04
Skewness 9.10 1.09

SE Skewness 0.18 0.18

Kurtosis 102.57 4.41

SE Kurtosis 0.36 0.36
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Figurel.l: Graph of land area veesgsss wird countries.
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1.3 Frequency distribution characteristics of the indicator data

The data for rainfall deficit were plotted as frequency distributions in 20 categories to
identify any underlying distributions. Each distribution was examined against normal
(there is some world-wide average that individual countries deviate from), rectangular
(there are about the same number in each category), exponential (power function) and
lognormal (logarithmic function) for fit using Kolmogorov-Smirnov tests (K-S) to test the
null-hypothesis of no difference between the observed distribution (bars) and the
expected ones (lines), if the distribution against which the data were being tested was a
good fit (Figure 1.2).

The observed frequency distribution was not a good fit to the normal, rectangular or
exponential distributions, with these K-S tests being significant. The K-S tests for the
lognormal distribution resulted in a non-significant tests, indicating that the data may be
better described on a logarithmic scale.

The excess wind data were transformed to their natural logarithms, LN(X), and compared
with a normal distribution (Figure 1.3). The data transformed to a natural log scale did fit
well with a normal distribution.
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Figurel.2 Frequency distributieexoéss wind countries spread over 20 categories (bars) and compared with (a)
normal, (b) rectangular, (c) exponential and (d) digtrdyotins (lines).

Each comparison was made ush¥gtastfor fit. The normegtanguland exponentdibtributions were
significant, whilatHrthe dg normalagnot at p=0.05.
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Figurel.3 Frequency distributicexoéss windhta transformed to their natural logarithm (LN(X)) spread over 20
categories (bars) and compared with a normal digthibutemsformed data were a good fit to the normal
distribution.
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1.4 Proposed EVI scali ng and distribution of the data on the new scale

We propose that the data on excess wind be transformed to their natural logarithms
LN(X). This renders the transformed data normally distributed and provides a better
spread among countries, differentiating those at the lower end of the scale better, and
clearly identifying those with very large excesses of wind (Figure 1.3). We consider this
scale to be an appropriate one for identifying and indicating the stresses associated with
greater than expected wind speeds in countries.

The LN(X) transformed data were plotted as a frequency distribution with 7 categories
(Figure 1.4). We designated the EVI score 1 to all countries with < 5 on the transformed
scale (< 148 knots excess wind per year) and scaled the rest at even intervals up to 6.4 to
score EVI 6. Countries with greater than 6.4 on the transformed scale were scored EVI=7
where the national average excess wind was more than 600 knots per year over the past
5 years. The distribution of countries plotted on the proposed EVI scale is shown in
Figure 1.4. Less than 6% of countries fell on this scale at EVI value 1, with the greatest
percentage of countries scoring EVI=4 (Table 1.2).

This scoring does not seek to simply spread countries in terms of their LN(X) scores, but
focuses on identifying those with substantial risks from sustained or repeated high wind
conditions detectable even across large numbers of climate stations. This indicator would
not however , dwindyescpto tisnod i winttyifuirenmagditycofostations did
not experience higher than expected winds, as averaging across climate stations would
tend to bury these. We consider this a correct signal for the EVI. It identifies countries for
which high winds would affect most of the country (including cases in which there is only
1 climate station) and for which refugia from effects would therefore tend to be
unavailable. This indicator could be applied by station within countries if vulnerabilities
within a country became the focus, but this is outside the scope of the EVI being
calculated at a national scale here. Examples of countries with the most vulnerability to
high winds as identified using this indicator include Albania, Irag and Rwanda (Table 1.3).
Whether these countries are naturally prone to high winds or not, this indicator highlights
that over the past 5 years they have experienced more winds than expected.
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Figurel.4: Frequency distributieexoéss wirid countries in seven gaties for (a) 7 evesppced intervals, and
(b) the proposed EVI scale.
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Tablel.2: Proposed EVI scaling for Indlcatoexcess winds

NA=Not applicable in a country; ND=No data currently available.

EVI Scale Values LN(X) Observed # countries  Observed % of countries
1 X¢5 15 6.38

2 5<X¢53 26 11.06

3 53<X¢5.6 37 15.74

4 56<X¢5.9 53 22.55

) 59<X¢6.1 25 10.64

6 6.1<X¢6.4 15 6.38

7 6.4 <X 13 5.53

NA W May not be used

ND X May be used 51 21.70

Tablel.3: Proposed EVI scaling for Indledtowing equivalence on thatWIN(Xjransformestales and
examples of countsgtheach score.

EVI Values LN(X) Annual Excess Countries

Scale excesswind  wind (kts)

1 X¢5 X¢ 148.4 Gambia, Peru, Zimbabwe

2 5<X¢53 148.4 < X ¢ 200.3 Ethiopia, Nepal, Thailand

3 53<X¢56 200.3<X¢270.4 Bangladesh, Mali, Taiwan

4 56<X¢59 270.4<X¢365.0 Botswana, Guyana, Tonga

5 59<X¢6.1 365.0<XC¢4459  Australia, Barbados, New Zealand
6 6.1<X¢6.4 445.9<X¢601.8 Canada, Nigeria, Chad

7 6.4 <X 601.8 < X Albania, Iraq, Rwanda

1.5 Correlations with other indicators

Correlations with other indicators are to be assessed at a later date when scales have
been set for all indicators.

1.6 Age, completeness and quality of the data

No data for this indicator were available from in-country sources.

1.7 Variations among sources of data

Data from other sources, including in-country, were not assessed for this indicator. Other
sources of global daily wind data are generally not available.

1.8 Additional sources & contacts

Cook Is. - Data archive of Cook Islands Met Services (CIMS) Director, Met Services; Fiji -
Ashmita Gosai (724888); Fiji - FMS Annual Weather Summary 1997 & 1998. Fiji
Meteorological Service; Greece - Dr Paula Scott (ph&f: 30 81 8 61 219,
cariad@her.forthnet.gr); Kiribati - Kirion Kabunateiti. Climate Archive from Kiribati
Meteorology Services (KMS); Nepal - Various Issues of Climatological Records of Nepal.
Department of Hydrology and Meteorology. Kathmandu, Nepal; New Zealand - National
Institute of Water and Atmospheric Research, New Zealand. Mr A. C Penney. E.Mail:
a.penney@niwa.cri.nz; Niue - David Poihega (4196/ 4602/ upoihega@yahoo.com) Niue
Meteorology Services; Palau - Federal Climate Complex Asheville; Singapore - Mr Wong
Teo Suan ++(65) 5457191 ++(65) 5457192. Meteorological office Singapore; Thailand -
Climatology Division Meteorology Department. 21/08/2001; Tonga-Of a Fadéanunu ( 67
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23401/ 24145/ Tongamet@kalianet.to) Climate Archive, Tonga Meteorology Services
(TMS).
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2. DRY PERIODS
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2.1 Indicator Summary
Indicator number: 02
Indicator short name: Dry periods
Sub-index REI

Categorisation

Weather & Climate

Indicator text:

Average annual rainfall deficit (mm) over the past 5
years for all months with >20% lower rainfall than the 30
year monthly average, averaged over all reference
climate stations.

Signals captured:

Vulnerability to drought, dry spells, stress on surface water
resources. This indicator captures not only the number of months
with significantly lower rainfall, but also the strength of the deficit.
Two countries could have the same average number of months over
the past 5 years with less than 20% lower than the monthly average
rainfall, with one only having a small deficit, while another a very

|l arge one. This indicator
captured. Frequent and severe drought months could indicate shifts
in weather patterns and climate, and could negatively affect a
countryds resilience to other
ability of ecosystems to attenuate pollution).

ensu

h

Notes on this indicator:

1. Thisindicator is focused on the size of the rainfall deficit across
all climate stations in countries, so takes into account vastly
different climates (assessing deficit only in terms of one climate
station at a time and then averaging them across stations).

2. Contiguous months of drought are not captured separately from
isolated months. Effects are likely to be worse for areas in
which the deficit is on-going.

3.  We upgraded the indicator from an earlier simpler form to
measure the strength of the deficit, if one exists. This gives a

better picture of wvulnerabildi
droughts from major ones.
Are suitable data available? Yes
Sources of data: NOAA GHCN
http://www.ncdc.noaa.gov/oa/pub/data/ghcn/v2/ghcnftp zipd.html;
In-country
No. countries included in test: 212

Temporary modifications to
data or indicator, if applicable:

Indicator has been modified to include an expression of the strength
of the rainfall deficit.

Notes on data age,
completeness and quality:

1 In-country data were not used.

Basic units:

Millimetres of rainfall deficit (negative value).

Total rainfall deficit in mm over the past 5 years, averaged over all
stations and months for which there were data. Final values
expressed as annual figures.

Recommended transforms:

Data on total mm over 5 years rendered positive and transformed to
LN(X) to create scale

EVI: Analysis of Indicators
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Proposed EVI Scale EVI Score=1 X¢4
for LN(X) total deficits over 5 EVI Score = 2 4<X¢45
years EVI Score = 3 45<X¢5
EVI Score =4 5<X¢55
EVI Score =5 55<X¢6
EVI Score = 6 6<X¢6.5
EVI Score =7 6.5<X
NA (not applicable) W May not be used
ND (no data) X May be used
Future work on this indicator:

2.2 Description of raw data

The data for this indicator comprise the deficit of expected rainfall over the past 5 years,
based on 30 year averages and calculated separately and then averaged for each month
and climate station. Values are only included if the rainfall for any station/month was
more than 20% lower than its expected value, so minor deviations are omitted from the

signal.

Data were available for 212 countries of the 236 included in the index. Some countries
had only 1 climate station (e.g. United Arab Emirates and American Samoa) and the
maximum number of stations for any country was 224 (for USA). The 5 years assessed
were 1999-2003 for most countries, though for a few countries, the most recent data used
in the analysis were old (e.g. Albania: 1966-70, Iraq: 1976-80, Turks & Caicos 1965-69)
and require updating. The percentage of dry months (i.e. those with rainfall more than
20% below the expected mean) varied between 22.6 in Tokelau and 84 in Oman.

The deficit of expected rainfall over the latest 5 years varied between i 16 mm
(Cameroon) (lowest deficit) through to 1 2257 mm (American Samoa). The world average
(based on 212 countries) was i 272 mm, with the median value at -201 mm (Table 2.1).
The standard deviation among observations was 290 mm, which is approximately the
same size as the mean. The Standard Error (SE) was around 20, which is around 7% of

the mean.

The size of the average rainfall deficit did not correlate significantly with the size of
countries, as measured by land area (Figure 2.1). This is probably the result of
calculating values in relation to the specific conditions expected at each station across
countries, so already takes into account effects that could be associated with countries
crossing a range of climate types. It is therefore proposed that this indicator be used in
its raw form, and not be expressed as a density function in relation to land area.

Table2.1: Basic statistics for rainfall deficit in 2xfesount

Statistic Value
Mean -272.13
Median -201.00
Valid n 212
Minimum -16
Maximum -2257
SD (Standard deviation) 290.13
SE (Standard error) 19.93
Skewness -3.24
SE Skewness 0.17
Kurtosis 14.48
SE Kurtosis 0.33
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Figur€.1: Graph of land area versus rainfall deficit in countries.
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2.3 Frequency distribution characteristics of the indicator data

The data for rainfall deficit were plotted as frequency distributions in 20 categories to
identify any underlying distributions. Each distribution was examined against normal
(there is some world-wide average that individual countries deviate from), rectangular
(there are about the same number in each category), exponential (power function) and
lognormal (logarithmic function) for fit using Kolmogorov-Smirnov tests (K-S) to test the
null-hypothesis of no difference between the observed distribution (bars) and the
expected ones (lines), if the distribution against which the data were being tested was a
good fit (Figure 2.2).

The observed frequency distribution was not a good fit to either the normal or the
rectangular distributions, with both these K-S tests being significant. The K-S tests for the
exponential and lognormal distributions resulted in non-significant tests, indicating that
functions of either of these two forms are reasonable fits to the observed data.

The rainfall deficit data were transformed to their natural logarithms, LN(x), and compared
with a normal distribution (Figure 2.3). The data transformed to a natural log scale did fit
well with a normal distribution.
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Figure2.2 Frequency distribution of Rainfall deficit in countries spread over 20 categories (bars) and compared with
normal, (b)etngular, (c) exponential and (d) lognormal distributions (lines).

Data normally expressed as negative values were reversed for the analysis. Each comparison48as made using a k
test for fit. The normal and rectadigtidoutionsere significantyile those for exponential and log normal were
not at p=0.05.
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2.4 Proposed EVI scaling and distribution of the data on the new scale

We propose that the data on rainfall excess be transformed to their natural logarithms
LN(X). This renders the transformed data normally distributed and provides a better
spread among countries, differentiating those at the lower end of the scale better, and
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clearly identifying those with a very large rainfall deficits (Figure 2.3). We consider this
scale to be an appropriate one for identifying and indicating the stresses associated with
lower than expected rainfall in countries.

The LN(X) transformed data were plotted as a frequency distribution with 7 categories
(Figure 2.4). This showed that in most countries (with any deficit) there was a shortage of
around 100-250 mm of rainfall over the past 5 years, averaged over the available climate
stations. There were, however, a significant number of countries with very much larger
averaged totals of rainfall deficit, which would tend to make them even more vulnerable to
ecological damage.

We designated the EVI score 1 to all countries with ¢ 4 on the transformed scale (¢55
mm) and scaled the rest at even intervals up to 6.5 (665 mm) to score EVI 6. Countries
with greater than 6.5 on the transformed scale were scored EVI=7 where the national
average rainfall deficit was more than 665 mm over the past 5 years. The distribution of
countries plotted on the proposed EVI scale is shown in Figure 2.4.

Less than 9% of countries fell on this scale at EVI value 1, with the greatest percentage of
countries scoring EVI=5 (Table 2.2).

This scoring does not seek to spread countries in terms of their LN(X) scores, but focuses
on identifying those with substantial risks from sustained or repeated low rainfall periods
detectable even across large numbers of climate stations. This indicator would not
however, detect individual &édry spotsé within ;
experience low rainfall, as averaging across climate stations would tend to bury these.
We consider this a correct signal for the EVI. It identifies countries for which low rainfall
would affect most of the country (including cases in which there is only 1 climate station)
and for which refugia from effects would therefore tend to be unavailable. This indicator
could be applied by station within countries if vulnerabilities within a country became the
focus, but this is outside the scope of the EVI being calculated at a national scale here.
Examples of countries with the most vulnerability to a deficit of rainfall identified using this
indicator include Nauru, New Caledonia and Reunion (Table 2.3).

Figure.4: Frequency distribution of rainfall deficitsriacusgven categories for (a) 7-epandd intervals,
and (b) the proposed EVI scale.
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Table2.2: Proposed EVI scaling for Ind&ftodroughts

NA=Not applicable in a country; ND=Moidantly available.

EVI Scale Values LN(X) total = Observed # countries Observed % of countries

1 X¢4 20 8.47%
2 4<X¢t45 24 10.17%
3 45<X¢5 41 17.37%
4 5<X¢55 35 14.83%
5 55<X¢6 58 24.58%
6 6<X¢6.5 21 8.90%
7 6.5<X 13 5.51%
NA W May not be used

ND X May be used

Table2.3: Proposed EVI scaling for Indicator 3 showing equivalence on the EVI, LN(X) and raw rainfall deficit scales
andexamplesf countries in each scor

EVI Values LN(X) Values Total Values Annual Countries

Scale total deficit Rainfall Deficit Rainfall Deficit

1 X¢4 X¢54.6 X¢10.9 Afghanistan, Cameroon, Indonesia
2 4<X¢4.5 54.6<X¢90.0 10.9<X¢18.0 Gabon, Kyrgyzstan, Latvia

3 4.5<X¢5 90.0<X¢148.4 18.0<X¢29.7 Lithuania, Namibia, Poland

4 5<X¢5.5 148.4<X¢244.7 29.7<X¢48.9 Nicaragua, Portugal, Rwanda

5 5.5<X¢6 244.7<X¢403.4  48.9<X¢80.7 Singapore, Thailand, Samoa

6 6<X¢6.5 403.4<X665.1  80.7<X¢133.0 Marshall Is, Norfolk, Taiwan

7 6.5<X 665.1<X 133.0<X Nauru, New Caledonia, Reunion

2.5 Correlations with other indicators

Correlations with other indicators are to be assessed at a later date when scales have
been set for all indicators.

2.6 Age, completeness and quality of the data

The data collected from in-country collaborators was considered by them to be of good
age, completeness and quality (Table 2.4). The data from GHCN are current for most
countries, with several notable exceptions where the most recent data are several
decades old.

Table24: Characteristics of age, completeness and quality of the data obtained for vertical relief for 169 countries.

Characteristic Age Completeness Quality
Value of 3 Most recent data are <2 years old Data are complete andvegiefor the Data are well supported by
time frame required publications, records or other

documentation and are considere:
accurate.
Value of 2 Most recent data are from betwee Partial data are available for some Data are based on incomplete
1995 and 1999 regions and/or some years information and/or are completed
through statistical projections
(interpolation or extrapolation)

Value of 1 Most recent data are older than 1¢ Data are not available for this indi Data are based on lpstsses
for the country

Valid n 20 20 20

Mean value 2.2 2.75 3.00

across countries:

SD 5.2 0.44 0

SE 0.12 0.10 0
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2.7 Variations among sources of data

Data from other sources, including in-country, were not assessed for this indicator. Other
sources of global daily rainfall data are generally not available. In-country data were not
used here because the method of analysis was changed to incorporate a signal of how
much excess rainfall was found in countries, rather than just the number of months more
than 20% below the monthly means.

2.8 Additional sources & contacts

Cook Islands - Meteorology Office. Nga Rauraa (+682 20603/ 682 21603); Federated
States of Micronesia - NOAA/ NCDC i 1999 Local Climate Data/ NCDC. Caesar Hadley.
WSO Pohnpei i NWSPR/ NOAA; Fiji - Ashmita Gosai (+679-724888); Greece - Dr Paula
Scott (ph&f: +30-81-861219, cariad@her.forthnet.gr); Kiribati - Kirion Kabunateiti. Climate
Archive from Kiribati Meteorology Services (KMS); Marshall Islands - NOAA NCDC
Ashville. Local Climatological Data (LCD). Lee Z Jacklick; Nauru - Nauru Meteorology
Services. Frank W Davey; Nepal - Various issues of Climatological records of Nepal.
Soroj Kumar Baidhya (MR) Phone ++(1) 255920; New Zealand - National Institute of
Water and Atmospheric Research, New Zealand. Mr A. C Penney. E.Mail:
a.penney@niwa.cri.nz ; Niue - Sionetasi Pulehetoa. Meteorology Department

Palau - Maria Ngemaes (680 4881034, maria.ngemaes@noaa.gov) Weather Service
Office (National Weather Service); Papua New Guinea - Climatic Tables for PNG.
McAlphine, J. R.; Keig, G.; and Short, K. PNG National Weather Service; Philippines -
Climatological Normals. Ms Panfila E. Gica / Climate Data Section / PAGASA

Samoa - Niko Tualevao. Apia Observatory/ Samoa Meteorology; Singapore - Mr Wong
Teo Suan ++(65) 5457191 ++(65) 5457192. Meteorological office Singapore; Thailand -
Climatology Division Meteorological Department 21 Aug 2001
local_climate@tmdnet.motc.go.th ; Tonga-Of a Fabéanunu (676 23401/
Tongamet@kalianet.to) Climate Archive, Tonga Meteorology Services (TMS); Trinidad &
Tobago - Debbie Ramnarine; Tuvalu - Tuvalu Meteorology Services (TMS). Hilia Vavae;
Vanuatu - Vanuatu Meteorology Services (VMS). Mr Kaniaha Salesa (678 23866/ 22310/
climate@meteo.vu ).
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3.1 Indicator Summary
Indicator number: 03
Indicator short name: Wet periods
Sub-index REI

Categorisation

Weather & Climate

Indicator text:

Average annual excess rainfall (mm) over the past 5
years for all months with >20% higher rainfall than the 30
year monthly average, averaged over all reference
climate stations.

Signals captured:

Vulnerability to floods, cyclones, wet periods, stress on land
surfaces and ecosystems subject to flooding and disturbance. This
indicator captures not only the number of months with significantly
higher rainfall, but also the amount of the excess. Two countries
could have the same number of months of the past 60 (5 years) with
more than 20% higher rainfall than the monthly average, with one
only having a small excess, while another a very large one. The
modificationt o t hi s i ndi cator ensures
excessO is captured. Frequent and
indicate shifts in weather patterns and climate, and could negatively
affect a countryébés resilience t
the spread of and ability of ecosystems to attenuate pollution).

Notes on this indicator:

1. Thisindicator is focused on the size of the rainfall excess
across all climate stations in countries, so takes into account
vastly different climates (assessing excess only in terms of one
climate station at a time and then averaging them across
stations).

2. Contiguous months of high rainfall are not captured separately
from isolated months. Effects are likely to be worse for areas in
which the excess is sustained.

3.  We upgraded the indicator from a simpler form to measure the
strength of the excess, if one exists. This gives a better picture
of vulnerability beeaxessesfromt s
severe ones.

4. Dividing the total excess by the number of climate stations is
necessary to prevent apparently excessive rainfall caused
because data are being collected from different numbers of
stations in countries. That means that in large countries with
many stations, severe excessive rainfall at one or a small
number of stations may be lost by averaging over a very large
number of stations with normal rainfall. We consider this
appropriate since the averaging over many stations puts
damage into the context of the entire area likely to be affected.

Are suitable data available?

Yes

Sources of data: NOAA GHCN
http://www.ncdc.noaa.gov/oa/pub/data/ghcn/v2/ghcnftp zipd.html;
In-country

No. countries included in test: 212

Temporary modifications to
data or indicator, if applicable:

Indicator has been modified to include an expression of the strength
of the rainfall excess.

Notes on data age,
completeness and quality:

1  In-country data were not used.
1 In-country data were generally considered of good age,
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completeness & quality by collaborators.
Basic units: Millimetres of excess rainfall.
Total excess rainfall in mm over the past 5 years, averaged over all
stations and months for which there were data. In their final form
results are expressed as annual excess.
Recommended transforms: Data transformed to SQRT(X)
Proposed EVI Scale EVI Score =1 X¢5
For SQRT(X) total excess mm EVI Score = 2 5<X¢7
over 5 years EVI Score = 3 7<X¢9
EVI Score =4 9<X¢11
EVI Score =5 11<X¢ 13
EVI Score = 6 13<X¢ 15
EVI Score =7 15<X
NA (not applicable) W May not be used
ND (no data) X May be used
Future work on this indicator:

3.2 Description of raw data

The data for this indicator comprise the additional rainfall over that expected over the past

5 years, based on 30 year averages. These values are calculated separately for each

month and climate station. They are added up over the most recent 5 years of data but
averaged over al/l climate stations, so data ar ¢
years per climate station. Values are only included if the rainfall for any station/month

was more than 20% greater than its expected value, so minor deviations are omitted from

the signal.

Data were available for 212 countries of the 236 included in the index. Some countries
had only 1 climate station (e.g. United Arab Emirates and American Samoa) and the
maximum number of stations for any country was 224 (for USA). The 5 years assessed
were 1999-2003 for most countries, though for a few countries, the most recent data used
in the analysis were old (e.g. Albania: 1966-70, Iraq: 1976-80, Turks & Caicos 1965-69)
and require updating. The percentage of wet months (i.e. those with rainfall more than
20% above the expected mean) varied between 50% in Honduras and 6.3% in Oman.
Oman has the distinction of having the lowest percentage of both dry months and wet
months in relation to long term means.

The excess over expected rainfall over the latest 5 years (above 20% greater than each
monthly mean) varied between 1113 mm (Nauru) (greatest excess) through to only 2 mm
(Oman). The world average (based on 212 countries) was 180 mm, with the median
value at 128 mm (Table 3.1). The standard deviation among observations was 177 mm,
which is approximately the same size as the mean. The Standard Error (SE) was around
12, which is around 6.7% of the mean.

The size of the average rainfall excess did not correlate significantly with the size of
countries, as measured by land area (Figure 3.1). This is probably the result of
calculating values in relation to the specific conditions expected at each station across
countries, so already takes into account effects that could be associated with countries
crossing a range of climate types. It is therefore proposed that this indicator be used in
its raw form, and not be expressed as a density function in relation to land area.
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Table3.1: Basic statistics for rainfall excess in 212 countries.

Statistic Value
Mean 180.11
Median 127.50
Valid n 212
Minimum 2
Maximum 1113
SD (Standard deviation) 177.28
SE (Standard error) 12.18
Skewness 2.03
SE Skewness 0.17
Kurtosis 5.43
SE Kurtosis 0.33

Figure8.1: Graph of land area versus excess rainfall in cBungsssrainfall is defined as that >20% higher than
the 30 year mean for any month for any climate station.

Land area vs. Excess rainfall
Excess = 185.55 - 0.00 * Land area
Correlation: r=-0.09, ns
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3.3 Frequency distribution characteristics of the indicator data

The data for rainfall excess were plotted as frequency distributions in 20 categories to
identify any underlying distributions. Each distribution was examined against normal
(there is some world-wide average that individual countries deviate from), rectangular
(there are about the same number in each category), exponential (power function) and
lognormal (logarithmic function) for fit using Kolmogorov-Smirnov tests (K-S) to test the
null-hypothesis of no difference between the observed distribution (bars) and the
expected ones (lines), if the distribution against which the data were being tested was a
good fit (Figure 3.2).

The observed frequency distribution was not a good fit to either the normal or the
rectangular distributions, with both these K-S tests being significant. The K-S tests for the
exponential and lognormal distributions resulted in non-significant tests, indicating that
functions of either of these two forms are reasonable fits to the observed data. The
excess rainfall data were transformed to their square roots, SQRT(X), and compared with
a normal distribution (Figure 3.3). The square-root transformed data did fit well with a
normal distribution.
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Figure8.2 Frequency distribution of excess rainfall in countries spread over 20 cated@oaspdeas védth (a)
normal, (b) rectangular, (c) exponential and (d) lognormal distributions (lines).

Each comparison was made ush¥gtaskfor fit. The normal and rectangular distributions differed significantly from
the observed data, while tlmwsexponential and lognormal were not significantly different from the observed data at
p=0.05.
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Figure.3: Frequency distribution of Excess rainfall deficit data transformed to their (a) natural logarithm LN(X) and (
square root SQRT(X), spread over 20 categories (bars) and compared with a normal distribution.
(a (b)

LN(X) Excess rainfall (Normal)
K-Stestd =0.11, p < 0.05*

No of countries
nN
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3.4 Proposed EVI scaling and distribution of the data on the new scale

We propose that the data on rainfall excess be transformed to SQRT(X), rather than their
natural logarithms. The reasoning behind this is that using the SQRT(X) transform, data
are normally distributed and provide a better spread among countries, differentiating
those at the lower end of the scale better, and clearly identifying those with a very large
rainfall excess (Figure 3.3 a versus b). We consider this scale to be an appropriate one
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