
Response to the reviews of Preprint egusphere-2024-1382: " Limitations in the use of atmospheric CO2 
observations to directly infer changes in the length of the biospheric carbon uptake period" by Theertha 
Kariyathan, Ana Bastos, Markus Reichstein, Wouter Peters, and Julia Marshall, to Atmospheric 
Chemistry and Physics. Questions from the reviewers are written in blue, our answers are in black, text 
copied from the manuscript is written in italics, and all changes in the manuscript are typed in red italics. 
When referencing page, section, and line numbers, we are always referring to the second version of the 
manuscript. 
  
Answers to Reviewer 1 
  
R1.1 I thank the authors for their careful and thorough responses to my comments. I especially appreciate 
the detailed response to my comment about the selection of the 10 sites. It is not a critical revision, but I 
would suggest to the authors that they include in the manuscript the explanation for the selection of the 
sites that is given on Page 2 of the response file. The text “the sites selected for study represent a chosen 
subset … capturing the spatial diversity of the network” should be included in the Methods section, 
perhaps starting on Line 90. I also think the new title is much more consistent with the results of the 
analysis. I believe that the manuscript is now suitable for publication. 
  
Thank you for your thoughtful feedback and positive assessment of our revisions. We have incorporated 
the suggested explanation for site selection into the Methods section (line: 90) as recommended. We 
appreciate your valuable input throughout the review process. 
  
These adjusted fluxes were then transported forward using an atmospheric transport model, TM3 
(Heimann and Körner, 2003), simulating time series of CO2 mixing ratios at different study sites (as 
shown in Fig. 1), in temporal frequency aligning with the flask measurements at the sites. The ten sites 
chosen for this study represent a selected subset of the Northern Hemisphere observation network. To 
minimize anthropogenic influences, only remote background sites were included. These sites were selected 
based on their long-term data records and their spatial distribution across the Northern Hemisphere, with 
roughly at least one station per 10-degree latitude, capturing the network’s spatial diversity. Previous 
studies, such as Murayama et al. (2007) and Piao et al. (2008), have confirmed that inter-annual 
variations and long-term trends in atmospheric transport can affect the relationship between the seasonal 
cycle of atmospheric CO2 observations and surface exchange. These studies also used a subset of 
background sites to evaluate transport influence on observed signals, similar to our approach. 
  
Answers to Reviewer 2 
The ‘main issue’ is splitted to R2.1 and R2.2 for ease of answering: 
R2.1 Flux asynchronization versus transport lags from one region to another 
The authors responded to my previous comment aiming to draw a distinction between the lag time that it 
takes flux anomalies from one region to appear in the atmosphere above a downwind region and the idea 
of flux asynchronization, for example, that the downward region starts taking up CO2 later than the 
upwind region. They authors use the results in Figure 9 to infer that the start of the start of the CUP is 
roughly a month later in eastern Eurasia compared to western Eurasia. If this is true, the authors can 
verify this with a map of CUP start days. Take this thought experiment of mixing ratio anomalies in the 
constant delay of CUP_NEE experiment. In May, the delayed start of spring leads to anomalous high CO2 



mixing ratios over Eurasia. These anomalies would be strongest in places with the largest absolute (not 
relative) change in CO2 fluxes. At the next month timestep, anomalies of high CO2 over western Eurasia 
from a change in May NEE are transported to Eastern Eurasia and combined with June NEE anomalies in 
Eastern Eurasia, leading to a larger magnitude of CO2 anomalies. By August, the decrease in total CO2 
uptake in Eurasia is well mixed through the northern hemisphere. That doesn’t require differences in the 
timing of CO2 uptake from place-to-place. It is possible that zonal mixing is far too fast for this transport 
lag to make sense. This might depend on the time step of the atmospheric transport model. If so, the map 
of CUP start days should confirm the authors’ interpretation of these signals and could be included as a 
supplemental figure. 
  
Thank you for your insightful comment. We agree that a map of CUPNEE onset timing provides valuable 
insight into the issue of flux asynchronicity. As shown in Fig.1 (here), the map of CUPMR onset confirms 
that the western Eurasian boreal region experiences an earlier CUPMR onset compared to the eastern 
Eurasian boreal region. This finding supports our interpretation that the earlier appearance of CO₂ 
anomalies over the western Eurasian boreal region, relative to the eastern Eurasian boreal region, could be 
partially attributed to asynchronicity of the seasonal cycle onset.  
 

 
Figure 1 Spatial distribution of the CUPNEE timing across the Northern hemisphere as derived from Jena Carboscope CO2 

Inversion, (version ID: sEXT_ocNEET_v2021) NEE fluxes for the reference year 2003, used in the study. 

  
The proposed thought experiment demonstrates how transport lag alone could account for the observed 
CO₂ mixing ratio anomalies over eastern Eurasia. However, if transport lag were the sole factor, we would 
expect CUP start days to be relatively uniformly across Eurasia, with CO₂ anomalies merely shifting 
eastward due to atmospheric transport. Instead, our results reveal a distinct spatial pattern where CUP 
begins earlier in western Eurasia and later in eastern Eurasia. This indicates that regional differences in 
flux timing, rather than just atmospheric transport, play a key role in shaping the observed CO₂ anomalies.  
To further support this interpretation, we have included the map of CUPNEE onset as suggested. We have 
revised the manuscript to refer to this figure (line: 288), with modifications shown in italics below:  
  
We show that, given fixed transport, the reduced expression of changes in CUPMR relative to CUPNEE 
arises from variations in the timing of CUPNEE across the regions over which the signal is integrated. For 
instance, when a delay (10 days) was applied to the CUPNEE onset in the Eurasian Boreal region, the 
mixing ratio reflects this change over the region in May and the signal slowly propagates eastward by 



June (Fig. 9), showing a difference in timing of the onset within the Eurasian Boreal region. The 
difference in the spatial distribution of CUPNEE onset, with an earlier CUPNEE onset in the western and 
later in the eastern part of the Eurasian Boreal region, is shown in Fig. 10. 
  
R2.2 Related, I am struggling to understand the reason for the results in Figure 10. If a 10-day advance is 
applied everywhere, how is the ‘true’ value not identical to the uniform forcing? “Due to the difference in 
CUPNEE timing across the pixels, the “true” ΔCUPNEE of a region for a period will be different from the 
applied Δ, as shown in Fig. 10. In a significant portion (54% pixels) of the North American Boreal region 
(Fig. 10), the onset of CUPNEE typically occurs between days 110 and 150. If CUPNEE fluxes are integrated 
during this period, the observed signal will represent a substantial portion of the CUPNEE onset from the 
region. However, when a 10-day advancement in CUPNEE onset is applied, the true ΔCUPNEE of the 
region during this period is only 8.9 days (average of ΔCUPNEE over the region shown in Fig. 10) and 
the CUPMR change at the observation site would be less than the applied 10-day Δ.” Does this mean that 
some pixels are a net source of CO2 while other pixels have a 10-day advancement in CO2 uptake. 
Therefore, the model is averaging pixels with a 10 day advancement and ones with zero day advancement 
because the CUP hasn’t happened in those locations yet? For this to be true, the pixel of CUP changes 
must be smaller than the grid cell in Fig 10? 
  

Thank you for pointing out the lack of clarity. We did not intend to imply that the pixel size of 
CUP changes is smaller than the grid cells in Figure 10. Rather, due to spatial variations in 
CUPNEE timing across pixels, the effective ∆CUPNEE differs from the applied ∆. The atmospheric 
transport does not always carry CUPNEE fluxes directly from the source region to the observation 
site. On applying a ∆, due to spatial variations in CUPNEE timing, some pixels might shift to a 
time when transport is less favourable and flux changes from these pixels may not be captured at 
the observation site leading to a dampened relation between ∆CUPNEE and ∆CUPMR. We think 
that Figure 1 (in this response) provides a clearer representation of the spatial differences in 
CUPNEE timing. Therefore, we have replaced Figure 10 with Figure 1 from the response and 
replaced lines 288 to 293 with  the following text: 

Due to the difference in CUPNEE timing across the pixels (Fig. 10), the effective ∆CUPNEE of a 
region will be different from the applied ∆. The atmospheric transport does not always carry the 
CUPNEE fluxes from the region to the observation site, it could be transported in other directions 
at other times. If an applied ∆ shifts the CUPNEE timing of some pixels into a period when 
transport is less favorable, the contribution from those pixels may be weaker or absent in the 
final measurements, causing a dampened relation between  ∆CUPNEE and  ∆CUPMR. 

  
R2.3 The authors made minor edits that highlight that this study is unique from other studies on the 
influence of atmospheric transport on atmospheric CO2 variability is in the days of net carbon uptake, 
rather than zero crossing days or seasonal amplitude. The authors should edit the conclusions to remind 
the reader that these conclusions are based on the forward model experiments and do not inform on actual 
biospheric changes or derived from atmospheric observations. 



Thank you for your suggestion; we have revised the conclusion to clarify that our findings are based on 
forward model experiments and not direct atmospheric observations or biospheric changes. (Lines: 367, 
375) 

Our analysis, based on forward model experiments, reveals that at well-studied sites such as MLO, BRW, 
and ALT, only circa 50% of the prescribed changes in the CUPNEE fluxes were reflected in CUPMR. In 
simulations with inter-annually varying meteorology, the signals were better captured at a few sites like 
ZEP and WIS, showing the significant influence of IAV in atmospheric transport. At BRW, 20% of the 
observed trend could be attributed to the IAV in transport. Furthermore, our findings suggest that the 
changes estimated in CUPMR, subsequent to the separation of atmospheric transport influence, are likely 
to underestimate the actual magnitude of signals from the surface changes. This is because of the 
damping due to the integration of asynchronous CUPNEE timing across different regions. While sites like 
BRW and SHM partially captured the prescribed long-term changes in the presence of natural IAV, they 
proved insensitive when IAV in CUPNEE was doubled due to insufficient signal to noise. Furthermore, 
trends prescribed to individual TransCom3 regions were not captured by the evaluated sites, showing that 
long-term changes in the seasonal cycle of time series primarily reflect changes on larger spatial scales. 
These findings are based on forward model experiments rather than direct atmospheric observations, and 
they do not provide a direct estimate of biospheric changes. Instead, they highlight how atmospheric 
transport processes influence the representation of surface flux changes in CO2 observations. 

R2.4 Do all the studies cited in this passage actually use CUP_MR metrics? “A longer growing season 
does not necessarily mean an increase in CUPNEE or CUPMR as they are determined by both photosynthesis 
and respiration. The existing literature on the CUPNEE changes in the Northern Hemisphere based on 
CUPMR varies from increasing (Murayama et al., 2007) to neutral (Barichivich et al., 2012) to decreasing 
(Piao et al., 2008; Fu et al., 2017).” 
  
Thank you for pointing it out. We re-evaluated the cited studies to ensure they explicitly use CUPMR 
metrics or CUP derived from atmospheric CO2 mole fraction data. Upon review: 
  
• Murayama et al. (2007) observed only an earlier downward zero-crossing date at BRW, which indirectly 
informs changes in the CUP but does not explicitly analyze the CUPMR duration. To ensure accuracy, we 
have replaced the reference with Keeling et al 1996, observing earlier CUPMR onset but no significant 
change in the CUPMR termination and inferring an increase in CUPMR duration.  
• Barichivich et al. (2012) looked at CUPMR duration across ALT, BRW, STM and SHM however, didn’t 
find a significant increase or decrease in CUPMR duration.  
• Piao et al. (2008) inferred a decreasing CUPMR duration from NH atmospheric CO2 time-series analysis. 
However, Fu et al. (2017) examined changes in carbon fluxes to come to a  similar conclusion, so we 
remove this reference for clarity. 
  
To ensure accuracy, we have revised the statement to include only studies that explicitly used CUPMR 
metrics (line: 326). 
  
A longer growing season does not necessarily mean an increase in CUPNEE or CUPMR as they are 
determined by both photosynthesis and respiration. The existing literature on the CUPNEE changes in the 



Northern Hemisphere based on CUPMR varies from increasing (Keeling et al., 1996) to neutral 
(Barichivich et al., 2012) to decreasing (Piao et al., 2008). 
  
R2.5 This conclusion is typical of the signal-to-noise problem that challenges any trend detection efforts. 
“While sites like BRW and SHM captured the prescribed long-term changes, they proved insensitive 
when IAV in CUPNEE was doubled.” 

Thank you for your comment. You are correct that this conclusion reflects the signal-to-noise issue that 
complicates trend detection efforts. The purpose of the experiment was to assess the impact of interannual 
variability (IAV) on interpreting changes, and the results showed that doubling the IAV led to a 
signal-to-noise problem, while with natural IAV, the imposed trends were partially detectable. We have 
modified line 373 as follows: 

While sites like BRW and SHM partially captured the prescribed long-term changes in the presence of 
natural IAV, they proved insensitive when IAV in CUPNEE was doubled due to insufficient signal to noise. 
  
  
R2.6 What does the last sentence mean? Particularly the last half? “Furthermore, trends prescribed to 
individual TransCom3 regions were not captured by the evaluated sites, showing the long-term changes in 
the seasonal cycle of time series. 
  
Thank you for pointing it out. The sentence was not properly structured. The line 375 has been modified. 
Furthermore, trends prescribed to individual TransCom3 regions were not captured by the evaluated 
sites, showing that long-term changes in the seasonal cycle of time series primarily reflect changes on 
larger spatial scales. 
  
  
Other changes 
  

1)​ Line 108: we limited the flux manipulation to Northern Hemisphere land regions of the 
TransCom3 (Gurney et al., 2002) experiment, namely Europe, Eurasian Temperate, Eurasian 
Boreal, North American Temperate and North American Boreal. The experiments performed are 
listed in Table 1. 

2)​ Line 150: In this case, for a given pixel, a set of ∆ values is added to the original CUPNEE in the 
manipulation period (2000-2017). 

3)​ Modified figure 4b: Dotted line representing one-to-one relation with slope 1 replaced with line 
having slope -1. Modified line 4 of Fig.4 caption :The dotted line represents an ideal case of a 
one-to-one (minus one-to-one for (b)) relation between ∆CUPNEE and ∆CUPMR. 

  
 


