
Response to Reviewer 2’s comments: 

The article documents, recovers and analyses historical weather records of Congo basin in 

present-day DRC. The weather records considered in this analysis are primarily from 1960s to 

1990s, some records extending into early 2000s. The study undertakes digitalisation (imaging) of 

9,885 sheets of paper from 37 weather stations in DRC. Using previously developed ML-based 

data transcription python-module ‘Meteosaver’ to recover more than one million observations of 

temperature and precipitation. The resulting dataset consists of daily maximum, minimum, and 

average temperatures (dry bulb and wet bulb) measured three times a day, and daily precipitation. 

The analysis was shown to have marked warming in daily maximum, minimum, and average 

temperatures, corresponding to approximately 0.7°C, 0.3°C, and 0.5°C, respectively, of warming 

during the 1961–1990 period. It was also reported that increasing frequency of hot days and fewer 

cold days as compared to earlier decades in the dataset. Due to limited rainfall data, only two 

stations were found to experience increased frequency of heavy rainfall. Though the changes 

inferred from this study can not be applied to whole of DRC due to limited spatial coverage, but 

this study enhances our understanding of changes in climate in DRC, one of the most data sparse 

region in the world. 

Specific comments: 

The article is generally well-written and undertakes substantial data-rescue work to produce 

climate dataset and analyse past climate of Congo basin. The authors describe the current state 

of data (un)availability in Central Africa for understanding climate change in the region. They use 

numerous paper records archived in DRC and Belgium to fill in the data gap, and the sources and 

paper format is described in sufficient detail to understand background of the work being 

undertaken. The dataset produced has potential to answer many questions regarding scale and 

impact of climate change in the equatorial Africa. 

This paper presents historical climate dataset for DRC, using ML-based transcription process and 

using statistical QC/QA steps to ensure data accuracy. While ML-based transcriptions have been 

researched in number of fields, using it to produce a published climate dataset of this size is 

probably first documented case. This attempt opens a realistic possibility of using ML-based 

transcriptions to extract historical observations from elsewhere.  

The region’s climate has been quantitatively assessed by analyzing long-term in-situ weather 

observations for the first time. The analysis performed within the limited spatiotemporal dataset 

shows that the climate has gotten warmer and maybe wetter as well. The results based on limited 

data support conclusions drawn, subject to further investigations. 

Though the paper transcribes and analyses historical weather observations, discussion on 

observation techniques or instrument metadata has been largely absent. As the biases and offsets 

are often strongly linked to weather measurement techniques, e.g. how temperature scale was 

read, was a correction scale was provided/used, bucket size of rain gauge etc. The instrument 

make and model can also be helpful in assessing systematic biases and can be used to perform 

QA/QC checks and corrections. 

Some discussion on why we expect to find these temperature or rainfall trends in Central Africa 

will be helpful. Has any earlier studies found similar trends either in observational data or model 

data? 

 

 

 



We thank the reviewer for their time and valuable suggestions to improve the manuscript. Below, 

we respond to the individual comments and illustrate modifications to the manuscript to 

accommodate the concerns raised. We believe that the manuscript will benefit from these 

modifications. The following convention is used in this document to illustrate proposed text 

modifications in the original manuscript: modified text.  

Individual comments: 

1. Though the paper transcribes and analyses historical weather observations, discussion on 

observation techniques or instrument metadata has been largely absent. As the biases and offsets 

are often strongly linked to weather measurement techniques, e.g. how temperature scale was 

read, was a correction scale was provided/used, bucket size of rain gauge etc. The instrument 

make and model can also be helpful in assessing systematic biases and can be used to perform 

QA/QC checks and corrections. 

Response: 

We agree that information on the instrumentation used at the stations, as well as measurement 

techniques, measurement precision, and observing practices, is important for assessing potential 

systematic biases in historical weather records. Some ancillary documents from Instructions aux 

observateurs – INEAC and Guide pratique à l’usage des observateurs – Réseau Météorologique 

du Congo Belge describe some of the instruments and observation procedures prescribed for use 

at the stations, including thermometer types, measurement techniques, and rain-gauge 

information. These documents are available through the COBECORE records (Jacobsen et al., 

2018; Coppieters. G., 2013). In the revised manuscript, we propose updated text referring to these 

records in Section 2.1 and include examples in the Appendix Figs. B4–B5. However, these 

available metadata are not sufficiently complete to reconstruct station-specific histories of 

instrument changes, calibration procedures, measurement precision, station relocations, or 

observing practices over the full observational period. Therefore, they could not be used to perform 

a formal homogenisation or systematic bias correction. We therefore also propose to clarify this 

limitation in the revised manuscript and explicitly discuss how such non-climatic inhomogeneities 

may affect the magnitude of individual station trends and part of the observed distributional shifts. 

At the same time, we note that the widespread warming signal across multiple stations, together 

with its consistency with previous regional-scale assessments, supports the robustness of the 

broad regional warming pattern. 

To this end, we propose to add this paragraph to the Data description in Section 2.1: 

In addition to the weather data sheets, additional archive documents available through the 

COBECORE records (Jacobsen et al., 2018; Coppieters. G., 2013), namely Instructions 

aux observateurs – INEAC and Guide pratique à l’usage des observateurs – Réseau 

Météorologique du Congo Belge, provide information on some of the instruments and 

observation procedures prescribed for use at the stations, including thermometer types, 

measurement techniques, and rain-gauge information. These documents demonstrate that 

standardised instrumentation and observation procedures were prescribed to ensure 

rigorous and consistent measurements across the INEAC/INERA observational network.  

Examples of these documents are shown in Appendix Figures B4-B5. 



 

Appendix Figure B4: Example of COBECORE archive documents describing 

thermometers used to measure daily maximum and minimum temperatures and 

observation procedures used at INEAC/INERA stations. These documents provide useful 

contextual metadata and demonstrate that standardised instrumentation and observation 

procedures were prescribed across the INEAC/INERA observational network. However, 

they do not constitute complete station-specific histories of instrument changes, calibration 

procedures, relocations, or observing practices over the full observational period (Source: 

Guide pratique à l’usage des observateurs – Réseau Météorologique du Congo Belge; 

available in the COBECORE records (Jacobsen et al., 2018; Coppieters. G., 2013). 

 



 

Appendix Figure B5: Example of COBECORE archive documents describing rain gauges 

used to measure daily precipitation and observation procedures used at INEAC/INERA 

stations. These documents provide useful contextual metadata and demonstrate that 

standardised instrumentation and observation procedures were prescribed across the 

INEAC/INERA observational network. However, they do not constitute complete station-

specific histories of instrument changes, calibration procedures, relocations, or observing 

practices over the full observational period (Source: Guide pratique à l’usage des 

observateurs – Réseau Météorologique du Congo Belge; available in the COBECORE 

records (Jacobsen et al., 2018; Coppieters. G., 2013). 

 

 

 

We also propose the following updates to the text in the Discussion Section 4.2: 

However, it is important to note that, while QA/QC checks were applied to identify and 

correct transcription errors and physically inconsistent values, homogenisation was not 

performed to detect and adjust for potential non-climatic inhomogeneities in the station 

records. Such inhomogeneities, well-rehearsed throughout the literature, may arise from 

changes in station location, instruments, calibration procedures, measurement precision, 

observation times or practices, and could introduce artificial (non-climatic) shifts in the 

temperature time series (Williams et al. 2012; Peterson et al., 1998). While digitized 

records documenting the types of instruments used and some measurement procedures 



are available in the COBECORE records (Appendix Figures B4-B5 ; Jacobsen et al., 2018; 

Coppieters. G., 2013), the available metadata are not sufficiently complete to reconstruct 

station-specific histories of such changes throughout the full observational period.  

Possible physical contributors may also have influenced differences among the station 

records. These include differences in elevation (Hock et al. 2019), changes in the 

immediate station environment, proximity to forests or water bodies, and local and remote 

land-use or land-cover change (Zeppetello et al., 2020). For instance, Mangaza et al. 

(2026) report a loss of approximately 9.7% of tropical forest in the Tshopo province, where 

three stations in our dataset are located (Yangambi-Km.5, Yaekama, and Gazi; the former 

two analysed), over the period 1900-2023 due to deforestation for agriculture and 

settlement. Within Yangambi alone, approximately 24 ha of primary forest was lost between 

2002 and 2025, accounting for only about 2% of the total tree-cover loss in the area 

recorded over the same period (Global Nature Watch, 2026; Turubanova, S. et al. 2018; 

Hansen, M. C. et al. 2013). Between 2001 and 2025, permanent agriculture was 

associated with approximately 19% of the tree-cover loss in Yangambi (Global Nature 

Watch, 2026; Sims, M.J. et al. 2025; Hansen, M. C. et al. 2013). Such changes can lead 

to localised warming effects (Zeppetello et al., 2020).  

More generally, differences in trend magnitude and sign among stations may reflect a 

combination of large-scale climate variability, local environmental conditions, and station-

specific non-climatic effects. However, because this study did not perform a formal 

attribution analysis, we could not quantify the relative contributions of such possible drivers 

to the observed station-level trends. Therefore, part of the distribution changes may reflect 

these local physical and/or non-climatic influences from one or more stations, although the 

consistency with previous regional assessments suggests that the broad warming pattern 

is robust. 

 

2. Some discussion on why we expect to find these temperature or rainfall trends in Central Africa 

will be helpful. Has any earlier studies found similar trends either in observational data or model 

data? 

Response: 

We thank the reviewer for this suggestion. We agree that, although the original manuscript already 

compared our temperature results with previous regional assessments, the discussion could more 

clearly place our findings in the context of earlier studies of temperature trends and extremes in 

Central Africa. In the revised manuscript, we will expand Sect. 4.2 by adding, in addition to the 

regional assessment by Doherty et al. (2022), a comparison with Aguilar et al. (2009) who reported 

similar warming trends in temperature extremes in Central Africa, namely trends in the warmest 

day, warmest night, coldest day, and coldest night temperatures during the period 1955 to 2003, 

additional stations in the DRC that are distinct from those analysed in this study. We keep the 

discussion of precipitation more cautious because, as already stated in Sects. 3.1, 3.3.3, and 4.4, 

only three stations have sufficiently complete QA/QC-confirmed daily precipitation records for the 

precipitation analysis. We therefore avoid drawing broader conclusions about rainfall trends across 

the DRC. We propose the following modifications to the text in Discussions Section 4.2: 

Twenty of the 21 stations considered in this study show an increasing trend in at least one 

of the Tx, Tn, or Tavg values. The median warming trends are 0.22°C, 0.10°C, and 0.15°C 

per decade for Tx, Tn, and Tavg, respectively, which correspond to approximately 0.7°C, 

0.3°C, and 0.5°C of warming over 30 years. When scaled to multi-decadal periods, these 

station-based trends are of similar magnitude to the reported warming of 0.75-1.05°C since 

1960 for Central Africa (Doherty et al., 2022), indicating consistency between in-situ 

observations and prior regional-scale assessments that did not have access to these data. 



These station-based trends are also consistent with the broader expectation of warmer 

temperature distributions under a warming climate. Similarly, Aguilar et al. (2009) reported 

warming trends in Central African temperature-extreme indices, including the warmest day, 

warmest night, coldest day, and coldest night, of 0.25°C, 0.21°C, 0.13°C, and 0.23°C per 

decade, respectively, over the period 1955-2006, based on station observations from 

countries in the region, including additional stations in the DRC that are distinct from those 

analysed in this study.  


