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NOTA 

Las opiniones, conceptos y recomendaciones expresadas en el presente informe deberán ser consideradas como aquellas del consultor o 
consultores y no necesariamente como las de la Organización Meteorológica Mundial. 

Cualquier mención o referencia de productos en el presente informe no deberá ser considerada como un aval de los mismos por parte de la 
Organización Meteorológica Mundial. 
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LISTA DE ACRÓNIMOS 

ACRÓNIMO DESCRIPCIÓN 
QC Quality control 
RMSE Root mean squared error 
SMN Servicio Meteorológico Nacional (of Mexico) 
Tmax Daily maximum temperature 
Tmean Mean temperature 
Tmin Daily minimum temperature 
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Summary 

The aim of the activity is the reduction of non-climatic biases in the observational climatic time 
series of Mexico. The general term of this bias reduction is homogenization. The objective of 
homogenization is to make climatic data more accurate and more appropriate for climate 
variability and climate impact studies. 

Consultant recommends and teaches the use of his own developed homogenization method, 
named ACMANT. ACMANT belongs to the group of “multiple break methods”, which means that 
the method treats the multiple bias problem with the joint evaluation of biases. Theoretical 
arguments and test experiments prove that the performance of multiple break methods and 
especially that of ACMANT is generally better than that of the more traditional hierarchic 
methods. Another important advantage of ACMANT is that after the input data preparation and 
clustering the time series into networks the operation of ACMANT is automatic, thus it is 
applicable for large datasets. Further advantages of the ACMANT software is that a) it can be 
run either with daily or monthly input, b) can work with observational time series of different 
lengths, c) treats missing data problem (data gaps), d) has outlier filtering routine. 

The present stage of the consultant activity included: 

i) Transmission of knowledge related to time series homogenization and the use of ACMANT 

ii) Training of the staff of SMN in applying ACMANT for time series homogenization 

iii) Demonstrating the usefulness of ACMANT with the homogenization of selected regional 
datasets. 

Works were done with collaboration between the consultant and the climatologists of the SMN. 
Along with the homogenization of some regional datasets we obtained the general picture about 
the inhomogeneity problems in Mexican observational data (valid at least for the examined 
regions), and could identify some technical problems which should be treated before the wider 
application of ACMANT. 

This report, together with the description of the activity, presents the results and problems found 
and gives recommendations for achieving further advance in the time series homogenization of 
the Mexican observational dataset. 
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1. Presentation about the theory and application of homogenization methods 
with focus on homogenizing with ACMANT 

Consultant showed to the climatologists of SMN the principles of time series theory and those of 
homogenizing with ACMANT on 09 December. Consultant emphasised some points which are 
relatively new, but important for the effective homogenization and proven both theoretically and 
with test experiments. Three of these points are as follows: 

i) Methods which count with the joint effect of biases (so-called multiple break methods) are 
generally more effective than the more traditional hierarchic detection and correction of 
individual biases. This thesis is valid primarily for the homogenization of temperature series, 
since in temperature series the frequency of breaks (break = non-climatic shift of the means) 
is usually high. 

ii) The success of homogenization can be characterized better with the accuracy of climate 
variability characteristics (e.g. long-term trends, low frequency changes, etc.) or with the 
residual RMSE of homogenized series, than with the ratio of correctly detected breaks. 

iii) As metadata lists are generally incomplete (i.e. they do not include all the breaks), and 
they mostly do not provide quantitative information of sizes of breaks, the usefulness of 
metadata is generally limited. Therefore statistical homogenization is preferred when the 
number and spatial correlations of time series in a given region are sufficient for applying 
relative homogenization. (Relative homogenization = non-climatic biases are searched and 
adjusted via the comparison of time series of the same climatic region). The potential 
usefulness of metadata depends on several factors and the exploitation of that potential 
needs expertise. By contrast, certain types of relative homogenization (as for instance the 
use of ACMANT) do not need expertise, since their operation is automatic. 

A further important point of the presentation pointed on the fact that in tropical regions and under 
monsoon climate the use of “ACMAN2TmTxmth” and “ACMAN2TmTxday” is not recommended. 
In Mexico, “ACMAN2Tminmth” and “ACMAN2Tminday” can be applied for homogenizing all 
kinds of temperature variables (i.e. Tmin, Tmax and Tmean). 

The power point file of the presentation is included in Annex 3. 
 

2. Presentation about the adjustments of daily data 

On 09 December consultant also had another presentation for the climatologists of SMN, that is 
about the theory and application of daily adjustments, with focus on the daily adjustments in 
ACMANT. 

Homogenization on daily scale still has several open questions. One crucial problem discussed 
in the presentation is that the efficiency of homogenization might worsen with using increased 
time resolution, due to the worsening signal-to-noise ratio with increasing time resolution and 
due to the accumulation of biases of different time-scales. So that although it seems to be a 
logical expectation that using higher time resolution the accuracy of homogenization results 
should increase, test results indicate that it is not always the case in practice. However, 
accuracy of daily data always can be improved with removing the mean monthly bias from each 
daily value. 

In ACMANT, the detection of breaks and the calculation of adjustment terms are done primarily 
on data of annual resolution, and secondly, only in certain routines of the software, on data of 
monthly resolution. Daily adjustment terms are always down-scaled from the monthly adjustment 
terms. 

The power point file of the presentation is included in Annex 3. 
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3. Application of ACMANT for homogenizing temperature and precipitation 
time series of Mexico 

Consultant made this work together with the staff of the SMN. Considering the short duration of 
the mission we tried to find regions in which the networking is easy due to the generally high 
spatial correlations. Another point of the view was that we intended to include time series quality 
controlled with ExtraQC earlier. Unfortunately, only 130 series with ExtraQC were available at 
the time of the mission.  

3.1 Networking 

Mexican climatologists had divided the country to 16 climatic regions. Region 7 and region 9 
included the highest number of series with EqtraQC, but in region 7 the spatial correlations 
turned out to be as low as we abandoned to apply ACMANT for the data of that region among 
the experiments of the present mission. 

Finally, five regions, regions 2, 3, 5, 9 and 10 were selected for the practical homogenization 
experiment of the mission. Regions 2, 5, 9 and 10 are around the middle of the country, including 
Mexico CD, while region 3 is on the southern-southeastern part. In the experiment, series with QC 
and those without QC were homogenized together, since the number of comparable time series 
has usually more robust effect on the efficiency than the previous QC has. 

In the examined regions the correlation – distance function does not differ markedly for 
temperature and precipitation, therefore the same clusters were used for each variable 
examined (i.e. daily minimum temperature, daily maximum temperature and precipitation 
amount). From regions 5 and 9 not all the series were involved, first because the maximum 
number of comparable time series is only 99 in the present parameterization of ACMANT and 
secondly because many of the spatial correlations are too low (lower than 0.4) when all the 
series of these regions are considered. From region 5, 40 stations were selected for the 
experiment, while for region 9 the number of stations considered is 62, from which a few ones 
are out of the border of region 9. Station series of regions 2, 3 and 10 were used as they were 
given by the construction of the regions. 

3.2 Results of the homogenization 

The total number of stations (stations with QC series) involved is 210 (38), from region 2: 22 (1), 
region 3: 32 (7), region 5: 40 (10), region 9: 62 (13), region 10: 54 (7). ACMANT usually 
homogenize all the time series examined together, except when a time series does not have at 
least 3 partner series with sufficient spatial correlations. Approximately 90% of the examined 
time series (the ratio depends on the variable) were homogenized, but the ratio is lower for early 
sections, for which the number of comparable time series are lower. Tmin, Tmax and 
precipitation series of the 38 stations with earlier QC were homogenized successfully, except 2 
precipitation series in region 5, for which the necessary number of partner series with sufficient 
spatial correlations were not found. 

The results of the homogenization include the homogenized (i.e. bias-corrected) time series, and 
summary files with the information for each series (i) which period of the time series was 
homogenized, (ii) how many breaks and outliers were detected, (iii) what is the timing for each 
break and each outlier, (iv) break-size for each break. 

The general experience is that for temperature series the frequency of detected breaks and 
especially the frequency of large-size breaks is higher than which is usual in Europe. By 
contrast, only a few breaks were detected in precipitation series.   
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The climatologists of SMN possess all these results. The respective files are included as well in 
the CD attached (Annex 3). 

 

4. Training of the use of ACMANT for the climatologists of SMN 

Consultant led a training on 12 December for the climatologists of SMN. The objectives of the 
training were (i) to teach the practical use of ACMANT for the Mexican colleagues, (ii) to show 
the optional forms of output results and teach how to choose options, (iii) clarify questions and 
doubts related to the use of ACMANT. 

In starting running ACMANT, some characteristics of the input dataset must be introduced. 
There are several options for the output of the results, since the optimal form depends on the 
later use of the results. 

The 62 Tmax series and 62 precipitation series of region 9 were used for the training. 

During the training the Mexican colleagues learnt the self-dependent use of ACMANT. 
Nevertheless, in case of later emerging problems they can consult with the Manual of ACMANT 
(www.c3.urv.cat/data.html) or with the consultant by e-mail (peter.domonkos@urv.cat).  

 

5. Problems around the application of ACMANT 

(i) Data archiving problems 

(ii) Lack of basic quality control 

(iii) Low spatial correlations 

(iv) Different input format for ACMANT than for ExtraQC 

5.1 Data archiving problems 

a) In a previous mission climate data of 287 Mexican stations were quality controlled by 
EqtraQC. However, at the time of this mission 130 of the 287 were available only. Further 
disadvantage was that the quality controlled time series were stored in Excel files. Both ExtraQC 
and ACMANT need text files as input (although with different format), so that time series which 
once were prepared for ExtraQC should be available in text file format for ever. The 
transformation from Excel file to text file is not complicated, but it needs lot of manual work.    

b) A file that is prepared for inputting its data to automatic or semiautomatic examinations (QC, 
homogenization, extreme index calculations, etc.) should hold strict order in the sequence of 
dates. At present, in case of dates with missing data, often the dates themselves are missing. 
The correct practice would be to show each day in its calendar sequence, and write missing data 
code into the place of each missing data. Other kinds of date errors also occurred in the 
examined data, although with much lower frequency.     

c) The results of temperature homogenization indicate that in some cases the input variables 
(Tmax and Tmin) or source stations were mixed by mistake during the digitations of the data. 

5.2 Lack of basic quality control 

a) Before the present mission time series of 287 were quality controlled, which is approx. 6% of 
the time series in Mexico. Although it could seem to be logic that first only a small part of the 
observed data should be managed with QC + homogenization then growing step-by-step the 
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number of managed time series, it does not function in this way in practice. Statistical 
homogenization needs the spatial comparison of time series and the efficiency of 
homogenization strongly depends on the dense of the networks. Therefore the QC of time series 
should be speeded up. 

b) False 0 values of precipitation. Sometimes 0 precipitation (= dry day) is noted by mistake 
when precipitation was not observed. Neither ExtraQC, nor ACMANT do not realise this type of 
error, and the homogenization results will be false. 

c) If the size of a bias (or biases) is very large, it may affect the estimation of basic statistical 
characteristics, thus the homogenized series will be less accurate. If a very large-size bias is 
persistent, ExtraQC will likely not realize the problem, as persistent biases alter the standard 
deviation of the examined data. 

5.3 Low spatial correlations 

We examined the spatial correlations in 8 regions of Mexico. The general experience is that the 
spatial correlation for temperature series decreases faster with the increasing distance between 
stations than in Europe. However, we still found satisfactory correlations for creating networks in 
almost each of the networks examined. Exception was region 7, in the south of Mexico, where 
the spatial correlations found are substantially lower than in the other regions examined. The low 
spatial correlations may have natural, geographical reasons, but it needs further examinations. 

5.4 Different input format for ACMANT than for ExtraQC 

ExtraQC is recommended to be applied before the homogenization with ACMANT, therefore 
climatic data must be transformed first into the input format of ExtraQC. Logically, if ACMANT 
accepts the same input format as ExtraQC, the work of data preparation will be reduced. 

At present, a quite large part of the Mexican temperature and precipitation data is stored in the 
input format of ExtraQC. Consultant promises to provide the modified version of ACMANT within 
3 months after the mission, which version will receive the same input format as ExtraQC. 

 

6. Recommendations 

Recommendation 1 
High level organization of data archiving is needed. Climatic data usually have 3 levels: a) raw 
data, b) QC data, c) QC + homogenized data. --- Data of each level should be stored in a way 
that they must be easily accessible for use at any time. Raw data must be kept even when 
higher level data are available. 

The preferred format of stored files is text file, and especially the input data format of ExtraQC is 
preferred for data of levels a) and b).  

Raw data processing (digitations) is recommended to be checked continuously. Errors of raw 
data processing, if they are not realised and corrected in time, might significantly worsen the 
quality relative to the original observational data. Date errors are particularly harmful, they might 
cause significant information loss.  
 

Recommendation 2 
A fast, robust QC is needed for the entire Mexican temperature and precipitation dataset. 
“robust” means that only large, absolute errors should be filtered out. Although much higher 
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quality of QC data can be produced with ExtraQC than with a fast robust QC, ExtraQC needs 
manual evaluation of the detected data problems, therefore the data quality improvement with 
ExtraQC seems to be a long-term process. By contrast, the ACMANT can be applied more 
easily and fast (where the density and spatial correlations of series allow its use). The efficiency 
of ACMANT is sensitive to the quality of the input data, but only very large-size outliers or biases 
could cause the important reduction of the efficiency. For this reason the application of a fast, 
fully automatic introductory QC is recommended for time series those have not been treated yet 
with ExtraQC. 
 

Recommendation 3 
Time series homogenized with ACMANT during the mission or by the staff of SMN are 
recommended to use for climate services, climate variability and climate impact studies. 
Although later QC-examinations, case studies with metadata or the application of a later version 
of ACMANT might result in further quality improvement in homogenized series, always the use 
of the highest quality data (contemporarily available) is recommended. In case of further quality 
improvement of the same level data the earlier version must be overwritten, but if the earlier 
version was used for studies, the storing of the earlier version is advisable for a realistic period. 
For a repeated homogenization the input can be level a) (raw) or, preferably, level b) (QC) data, 
but never level c) (homogenized data).   
 

Recommendation 4 
Zero precipitation sometimes noted erroneously instead of missing data code. Unfortunately, this 
error might disturb the operation of ACMANT and in such a case the homogenized series will 
include falsely corrected values. At present, we have no software for the control of this problem. 
When inhomogeneities are detected in precipitation time series one can check manually if the 
described error exists or not in the raw data.  
 

Recommendation 5 
ACMANT does not use metadata, but there are two kinds of metadata, which are recommended 
to be treated with attention. 

a) Technical change in the observation whose impact is measured by parallel observations. (For 
instance, a station was relocated and the observed data are available from both stations for a 2-
3 years period). --- As in such a case the timing and the size of the break is precisely known, the 
appropriate data adjustment is recommended to be applied before running ACMANT. 

b) Simultaneous technical changes in more than one stations. --- As relative homogenization is 
based on the principle that local biases can be identified in the difference series of the candidate 
series and other series in the neighbourhood, simultaneous breaks might cause false 
homogenization results. The importance of simultaneous technical changes depends on the 
ratio of affected time series (within a given climatic region) and on the size of the bias that they 
cause. If the effect of a simultaneous technical change seems to be significant, expert decision 
is needed about the adjustments due to the simultaneous technical change and the adjustments 
must be applied before running ACMANT. 
 

Recommendation 6 
Posterior correction of ACMANT homogenization results relying on metadata, visual inspections 
or the results of other homogenization methods is not recommended. 
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Annex 1 – Terms of Reference 
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Annex 2 – Executive Presentation 

 

  
 

 

  
 

  
 



14 

OMM/SMN Application of ACMANT Method for the Homogenization of Observational Climatic Time Series of Mexico Peter DOMONKOS 
 

 

  
 

 

  
 

 

  
 

 



15 

OMM/SMN Application of ACMANT Method for the Homogenization of Observational Climatic Time Series of Mexico Peter DOMONKOS 
 

 

 
 

 





17 

OMM/SMN Application of ACMANT Method for the Homogenization of Observational Climatic Time Series of Mexico Peter DOMONKOS 
 

Annex 3 – CD 

In this attached CD some files have been included, and are organized as follows: 

 

Folder 1. Training Presentations 
1.1 Homogenisation of observed climatic time series - "ACMANTv2_training.ppt" 

1.2 Homogenisation on daily scale - "ACMANT_daily_training.ppt" 

 
Folder 2. Results of the Homogenization 

2.1 Results – Region 2 (folder) 

2.2 Results – Region 3 (folder) 

2.3 Results – Region 5 (folder) 

2.4 Results – Region 9b (folder) 

2.5 Results – Region 10 (folder) 

 

Folder 3. ACMANT v2.1 
3.1 Software files 

3.2 Operation Manual 

 






