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Presentation Aim: Methodology Discussion

- HOMOGENISATION OBJECTIVE: Identify outliers and non-climate bias/trends, perform statistical

adjustments while maintaining the climate variability, climate trends and air temperature extreme events

such as heat and cold waves.

- Interpolation methods to:

- Fill missing data at the weekend/on Sunday;

- Fill few days/long period missing data.

- Early/modern density network of reference stations:

- e.g:1831 – 1841 (Phoenix Park Dublin whithout Irish reference stations?);

- Transition from manual to automatic stations;

- Parallel measurements.

- Corrections:

- Different observing times;

- Re-location;

- Instruments and exposure changes;

- Observing practices.

- Identification of break-points;

- Statistics to perfom adjustments;

- Homogenisation software.

© Met Éireann



1 - Phoenix Park Dublin (1831 - 2016)

2 - Armagh Observatory (1844 - 2016) 

3 - Botanic Gardens (1848 - 2016) 

4 - NUI Galway (1861 - 2016) 

5 - Birr Observatory (1872 - 2016) 

6 - Roches Point (1872 - 2016) 

7 - Valentia Observatory (1872 – 2016) 

8 - Markree Observatory (1875 – 2016)

9 - Blacksod Point/10 - Belmullet (1885 - 2016) 

11 - Malin Head (1885 - 2016)
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12 Long Term Candidate Meteorological Stations

Sources:

- Daily max/min air

temperature data

rescue from original

manuscripts and

publications since

the begining of the

meteorological

observations until

1950’s.

-1950’s – 2016: Met

Éireann’s digital

database.

- Armagh

Observatory:

calibrated data by

BUTLER et al.

(2003)

Importance

Long-term urban stations:

- Fitzwilliam Square

(1869 – 2016).

- Trinity College Dublin

(1840 – 2016).



Reference Meteorological stations (in red):

1. George Yeates (Grafton Street) (1843 – 1849).

2. Donaghadee (1872 – 1935).

3. Kingstown (Dún Laoghaire) (1872 – 1880).

4. Greencastle (1872 - 1879).

5. Mullaghmore (1879 – 1893).

6. Aldergrove (1930 – 1980).

7. Castle Archdale (1944 – 1958).

8. Midleton (1950 – 1956).

9. Dunsink Observatory (?)
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Possible Early Short Term Reference Meteorological Stations

Sources:

- Data rescue from the Daily Weather

Report (DWR) and article

publications.

- 1850 - 1852: Observations by RIA

(Caherciveen, Dublin, Royal Dublin

Observatory, Markree).

- Goldooen (1860s – 1880s).

- Note: Searching for private

manuscript meteorological

register/journal.

CURRENT NETWORK: dense.



Station Metadata: Rescue & Digitisation

- Opening/closing date;

- Location/re-location (latitude, longitude; level);

- Instruments type (and number) and its exposure;

- Screen type and size;

- Observer;

- Instruments maintenance;

- Observing practices; 

- Time (Local Time or GMT);

- Type of station;

- Land use/cover;

- Previous quality control and corrections;

- Periods of missing data;

- Reasons for gaps;

- Observer’s comments;

- Historical/political events;

- Exact decimal rounding or values for the nearest 

whole degree;

- Units (°F or °C);

- Parallel measurements;

- Pictures, letters and maps;

- Automatic station (sensor type).
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Station Metadata: Sources

Birr

Min Temp. July 1882

WMO guidelines on

metadata and

homogenisation:

AGUILAR et al.

(2003).

Metadata Sources:

- Original 

manuscripts;

- Publications;

- Meteorological

articles;

- Meteorological

Institutes;

- Libraries and

Archives;

- Institutions.

June July August June  July  August



Data Rescue Procedures

- Sources:

- Original manuscripts;

- If the manuscripts are missing or there are gaps in the

manuscripts: I used the DWR;

- Publications:

- When no manuscripts are available;

- If there is an overlapping: I chose the manuscripts

because it contains possible posterior corrections.

- Different sources overlapping: Sometimes are different values & 

corrections (e.g. manuscript & DWR).

- Rescue of paralled readings (e.g. different screens or new station).

- Since 1920’s there are 2 min/max observations per day for the

majority of stations (e.g. 8am & 8pm):

- I chose to rescue the observations: min at 8am and max at 

8pm.

- If min is lower in the evening and max higher in the morning

observations: I rescued these values into a different table.
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Digitisation Procedures

- Maximum air temperature entered to the previous day: 

- If morning observation (e.g. 7am);

- If there is a mention in the manuscript;

- Not entered it to the previous day if:

- it has already been thrown back;

- there is no observing time (confirm with metadata).

- Error control: 

- My own averages/sums and manuscripts averages/sums:

- Matched values;

- Erroneous values in the manuscript (e.g. erroneus

decimal rouding);

- No averages/sums in the manuscripts.

- Digitisation in a different table: the monthly average

corrections & comparison (e.g. Markree)

- Publication or handwritting errors (outliers). 

- Table for °F and °C conversion table.

Birr

Min Temp. 

February 1926

e.g. rounding bias in the manuscript

°F

Jan        Feb        Dec



Quality Control – Examples (Obs. Times & Corrections)

- Metadata;

- Max>Min;

- Same average & sum as in the

manuscript/publication;

- Rescue the corrections applied by

the Met Office/Met Éireann;

- Mention the previous value before

the correction;

- Reasons for corrections;

- Outliers;

- Reasons for outliers;

- Reasons for missing data;

- Jumps in the data;

- Data consistency;

- Correct nr of days per month;

- Graph the data.

Markree, 1922

Observer’s note in July:

"From the 10th to the 16th I

could not take any reading at

21h owing to the danger of

being under fire. The max and

min was read the following

morning at 9h." Valentia, Min temp. 

1888.

°F
°F

Jan     Feb     DecJune    July     August



Quality Control – Examples (Outliers)

Outliers

Botanic Gardens

Min Temp. 

February 1855.

Manuscript Note in December:

"The average depth of snow measured

here from the 26th to the 29th was 15

inches. The shade min registered on

29th (8) while the grass min read 15.

The later was owing to it being

covered with snow".

Outliers

Markree Obsrvatory

Min Temp. 

December 1906.

°F°F

Jan     Feb     DecJan     Feb     Dec



Quality Control - Examples (Observations In/Outside Observatory) 

© Met Éireann
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Phoenix Park Dublin- Observations In/Outside Observatory 
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Quality Control - Raw Winter Minimum Air Temperature



Quality Control - Raw Winter Maximum Air Temperature

Note: Still doing quality control in Phoenix Park Dublin (1853 – 1880).



Quality Control - Raw Summer Maximum Air Temperature



Quality Control - Difference Series

1855 – 1879: Dry Bulb Max. in air (Instrument change)

Phoenix Park

e.g.

It is necessary to compare to other

climate stations!



Quality Control - Raw Summer Minimum Air Temperature

Note: Still doing quality control in Phoenix Park Dublin (1853 – 1880).



Quality Control - Difference Series

Higher Min Summer values in Botanic Gardens: 1868 – 1881; 1961 – 2016. 

It is necessary to compare to other

climate stations!

e.g.



Principal Non-climate Inhomogeneities In These Series

- Relocation of stations (e.g. from a coastal location to a more inland 

site);

- Instrument changes (also its location and exposure);

- Screens (e.g. Bilman & Stevenson screens);

- Observing practices (e.g. observations in/outside observatory);

- Changes in surroundings and station enclosure .

IMPORTANCE OF METADATA!

Max Summer
It is necessary to compare to other

climate stations!

e.g.



Preliminary Raw Data Analysis – Spatial Comparison of Series

- Pearson correlation among climate series (daily, monthly, seasonal);

- First difference correlation coefficient for reference and candidate climate series nearby (PETERSON and

EASTERLING, 1994) (daily, monthly, seasonal);

- Pearson correlation and first difference correlation coeficient for parallel measurements (e.g. manual and

automatic stations; observations in/outside observatory; different screens; station relocation) (daily).

DISCUSSION ON PARTICULAR CASES:

- No overlapping between manual and automatic stations (e.g. Markree);

- Available values: °F nearest whole degree instead of the exact decimal degree. What corrections apply in this

case?

- Thermometer on stand;

- Thermometer on roof (e.g. different level);

- Observations hours (correction of early series for 09UTC readings).

- Correction of errors.



Next Steps

- Conclusion of the quality control process (Manual & Automatic);

- Application of Software: MASH 3.v.03:

- Parallel measurements (e.g. overlapping of data from: manual an automatic stations, different screens, in/outside

observatory):

- Composing reference series;

- Homogeneity tests;

- Break-points detection and non-climate increase/decrease trend bias in the climate series;

- Adjustment of non-climatic inhomogeneities through statistical techniques.

- Quantification of statistically significant break-points, its amplitude and identification of its reason through

comparison with metadata for each station;

- Ascertain the range of breaks for maximum and minimum air temperatures for summer and winter;

- Validation.

- Homogenisation of monthly and seasonal data;

- Dissemination of the homogenisation results;

- Statistical Analysis and Climate Modelling of:

- Air temperature extreme indices; extreme air temperature events, cold and heat waves; climate variability and trends

based on homogenised data;

- Gridded air temperature datasets;

- Dissemination of results.



Thank you for your feedback!
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Thank you for your feedback!
Thank you for your attention & feedback!

For feedback:
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