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Buermann et al. assess abrupt increases in NPP, their relations with shifts in global
NBP, and the drivers of the shifts in NPP. The manuscript is very interesting and
well written. Assessing potential abrupt changes in NPP is novel. While reading this
manuscript, I was wondering if the reported shifts in NPP (especially in boreal Eurasia)
might relate to the observed increase in the seasonal amplitude of atmospheric CO2
(Graven et al., 2013). This increase in CO2 amplitude originates from northern ecosys-
tems and had the largest increase within the last years (Graven et al., 2013). I also was
wondering how the results relate to previous findings of the same author (Buermann et
al., 2014) which emphasize the role of drought on decreasing NDVI in boreal regions.

1 Major comments
C5335

1.1 Uncertainty from FAPAR datasets

A thoughtful assessment of uncertainties from different temperature, precipitation and
radiation datasets is done in this study. However, the major contribution to the temporal
dynamic of CASA-modelled NPP originates from the FAPAR dataset. Several studies
have shown large difference between different FAPAR (or NDVI) datasets (Fensholt
and Proud, 2012; McCallum et al., 2010; Scheftic et al., 2014; Tian et al., 2015).
Although the used GIMMS3g FAPAR dataset is the most reliable long-term dataset, the
difference in more recent periods in comparison with datasets from modern sensors,
highlights the need to account for FAPAR-related uncertainties. In order to convince
the reader about the reliability of the reported NPP changes, it is necessary to #1
evaluated the reported changes to sensor changes in the underlying GIMMS NDVI3g
record (similar as in (Tian et al., 2015)), and #2 to assess the uncertainty in NPP
estimates also based on alternative FAPAR datasets at least for the overlapping period
with newer sensors (e.g. MODIS).

1.2 Model evaluation

The results are praised by saying in the abstract “using (...) models constrained by
observations”. However the only constrain is the use of GIMMS3g FAPAR within CASA.
No further constraints are used for modelled NPP. Model results are not at all evaluated
against independent data. In order to be more convincing, it is necessary to evaluate
model results against independent data, e.g. NPP databases (Luyssaert et al., 2007),
GPP site-level time series (FLUXNET), upscaled fields (Jung et al., 2011), C stock
maps (Carvalhais et al., 2014), or long-term changes in the seasonality of atmospheric
CO2 that might be indicative of changes in northern terrestrial productivity (Graven et
al., 2013).

1.3 Change point detection algorithm

The statistical analysis is very valuable. Especially, I very much appreciate that the
authors evaluate several alternative statistical models by means of SIC and the uncer-
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tainty analysis for the change points is also a necessary step given the low robustness
of such change detection methods (Forkel et al., 2013). However, many studies re-
port changes in trends on NDVI datasets, such as greening to browning (de Jong et
al., 2011, 2013; Piao et al., 2011). A good overview of potential changes in given in
de Jong et al. (2013). Trend changes as further option in change detection was not
assessed in this study. Trend changes might be here therefore either represented as
changes in mean or as continuous long-term trend. I’m wondering if ignoring the trend
change-option results in an overestimation of abrupt changes and thus affects the main
conclusions of the study. In my opinion it is necessary to additionally account for the
trend change option in the statistical analysis (Verbesselt et al., 2010a). The author’s
fear of overfitting time series with additional parameters as in trend change models (p.
13774, l. 1-3) can be easily handled by again using SIC on the trend change option.
Further it was not clear to me how the seasonality of NPP time series was treated in
the change point algorithm.

2. Specific comments

These are comments to specific parts of the manuscript. However some of these
comments will be resolved by addressing the major comments.

p. 13770, l. 6: I don’t understand why forest regrowth and fire suppression where used
as examples for land-use patterns. Forest regrowth is a dynamic in land cover, the
corresponding change in land use could be rather named reforestation or afforestation
as the term land use usually implies human management.

p. 13771, l. 16-18: But this study applies only to arid grasslands. Are you aware of
any references that try to quantify the CO2 fertilization effect in FAPAR data for forest
ecosystems?

p. 13771: How is the CO2 fertilization effect on photosynthesis considered in CASA?
Only through the FAPAR forcing dataset or is there an additional module that accounts
for CO2 fertilization? FAPAR might be not sensitive enough to the CO2 fertilization
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effect especially in forest ecosystems that have upper FAPAR values. Based on mod-
elling experiments it has been shown that the CO2 fertilization effect contributes only
minor to changes in FAPAR (Forkel et al., 2015). Therefore it might be possible to
underestimate the CO2 fertilization effect if the NPP model relies just on FAPAR.

p. 13771, l. 20: Is this really land surface (i.e. skin) temperature? I thought CRU
provides air temperature at 2 m?

p. 13771, l. 25: I agree but at least it would be possible to assess FAPAR-dataset
uncertainty for the overlapping period with MODIS or you could based on the FAPAR-
NDVI relation you could try to use other long-term NDVI datasets (Marshall et al., 2015).
An assessment of the findings in relation to potential uncertainty sources from differ-
ent FAPAR datasets seems necessary given the striking differences in these datasets
regarding trends and inter-annual variability (Fensholt and Proud, 2012; Tian et al.,
2015).

p. 13773, l. 10-12: Is there a reason why the option “change in trend” (i.e. stable
to positive, positive to stable, positive to negative etc.) was not considered? Several
studies have shown that such trend changes exist in satellite-derived NDVI data (de
Jong et al., 2011, 2013; Verbesselt et al., 2010a). Such changes were also detected
in the GIMMS3g NDVI and thus are likely also present in the GIMMS3g FAPAR data. I
assume by ignoring the “trend change” option, there is the risk of over-selecting option
2 (change in mean) as the preferred statistical model.

p. 13773, l. 26-28: . . . and this might result in an over-estimation of abrupt shifts. I
think it could be worth-while to check alternative change detection algorithms that also
account for smooth changes by considering trends (e. g. (Verbesselt et al., 2010a,
2010b)). I think the risk of overfitting is low by adding two more slope parameters to the
statistical model as you could use the SIC as well. Given the large use of trend change
detection methods on NDVI time series it seems not plausible to my why this should not
be done for NPP data. Furthermore, based on the large uncertainty of trend change
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detection methods (Forkel et al., 2013) it is necessary to consider several methods.

p. 13774, l. 6-26: The approach of the uncertainty assessment is very valuable.
However in order to fully understand it but not to overload the average reader, I would
suggest to extent the description of this approach (maybe incl. some illustrative figures
or equations) and move it to the supplement.

p. 13775, l. 14-15: Do the numbers represent the magnitudes of the shifts? Please
clarify.

Results section: I suggest to have some sub-chapters (e.g. 1. NPP shifts, 2. drivers)

p. 13776, l. 8-24: I think you cannot separate the driving factors on NPP with CASA.
As you are admitting in the caption of Fig. 2a, the FAPAR dataset already integrates
changes in temperature and precipitation and other drivers. Thus, the FAPAR dataset
explains most of the dynamic in NPP. Even if you try to separate these factors, we still
don’t know about the temperature or precipitation effects. In my opinion, this separation
of drivers cannot be insightful done with CASA but only with the TRENDY results.

p. 13776, l. 10-15: Recent studies suggest that changes in spring FAPAR and the
begin of the growing season in boreal ecosystems are related to changes in water
availability from changing snow cover (Barichivich et al., 2014) and to water supply
from changes in permafrost dynamics (Forkel et al., 2015). I’m wondering if and how
these processes are represented in CASA and if you are seeing similar relations on
spring NPP.

p. 13777, l. 3: Trends in LAI from TRENDY models have been also evaluated against
GIMM3g LAI showing diverging regional patterns of greening and browning trends, es-
pecially also in boreal Eurasia (Murray-Tortarolo et al., 2013). Therefore, I would expect
similar diverging results for NPP changes from these models. I think it’s worthwhile to
provide results for individual TRENDY models, and assess their outputs against the
observed FAPAR and your NPP estimate in order to draw conclusions only from those
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models with realistic changes.

p. 13777, l. 13-16: How does this sentence relate to recent findings about the im-
portance of semi-arid ecosystems for the inter-annual variability of the net land uptake
(Ahlström et al., 2015)?

p. 13778, l. 23-29: I was already wondering before how fire was treated in your models.
Did the CASA version use the “GFED mode” to simulate fire dynamics? How is post-
fire succession modelled? Given the large importance of fire activity on ecosystem
dynamics in the two focus regions, it should be worth to assess the potential role of
fire on NPP changes. The discussed relation between spring warming/greening and
summer fire emissions targets in my opinion to the wrong effect. Although the fire
season peaks usually in summer in boreal regions, the years with large fires often show
different seasonalities. Moreover, it seems important that the increasing fire activity in
boreal regions (Kasischke and Turetsky, 2006) resulted in a larger growth of deciduous
trees (Beck et al., 2011) which might result in increasing NPP.

p. 13780, l. 1-6: Are these changes in NAO and AO detected and are also significant
based on the change detection method?

Fig. 2 and Fig. 3: I suggest combining the CASA and TRENDY results in one figure for
a better comparability of results.

Fig. S1: I’m wondering what is causing the abrupt decreases in NPP over moist tropical
Africa and SE-Asia. Can you provide any explanation?
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term vegetation trends âĂŤ Comparing GIMMS and MODIS global NDVI time series,
Remote Sens. Environ., 119, 131–147, doi:10.1016/j.rse.2011.12.015, 2012.

Forkel, M., Carvalhais, N., Verbesselt, J., Mahecha, M., Neigh, C. and Reichstein, M.:
Trend Change Detection in NDVI Time Series: Effects of Inter-Annual Variability and
Methodology, Remote Sens., 5(5), 2113–2144, doi:10.3390/rs5052113, 2013.

Forkel, M., Migliavacca, M., Thonicke, K., Reichstein, M., Schaphoff, S., Weber, U. and
Carvalhais, N.: Codominant water control on global interannual variability and trends
in land surface phenology and greenness, Glob. Change Biol., 21(9), 3414–3435,

C5341

doi:10.1111/gcb.12950, 2015.

Graven, H. D., Keeling, R. F., Piper, S. C., Patra, P. K., Stephens, B. B., Wofsy, S. C.,
Welp, L. R., Sweeney, C., Tans, P. P., Kelley, J. J., Daube, B. C., Kort, E. A., Santoni,
G. W. and Bent, J. D.: Enhanced Seasonal Exchange of CO2 by Northern Ecosystems
Since 1960, Science, 341(6150), 1085–1089, doi:10.1126/science.1239207, 2013.

de Jong, R., de Bruin, S., de Wit, A., Schaepman, M. E. and Dent, D. L.: Analysis of
monotonic greening and browning trends from global NDVI time-series, Remote Sens.
Environ., 115(2), 692–702, doi:10.1016/j.rse.2010.10.011, 2011.

de Jong, R., Verbesselt, J., Zeileis, A. and Schaepman, M.: Shifts in Global Vegetation
Activity Trends, Remote Sens., 5(3), 1117–1133, doi:10.3390/rs5031117, 2013.

Jung, M., Reichstein, M., Margolis, H. A., Cescatti, A., Richardson, A. D., Arain, M.
A., Arneth, A., Bernhofer, C., Bonal, D., Chen, J., Gianelle, D., Gobron, N., Kiely, G.,
Kutsch, W., Lasslop, G., Law, B. E., Lindroth, A., Merbold, L., Montagnani, L., Moors,
E. J., Papale, D., Sottocornola, M., Vaccari, F. and Williams, C.: Global patterns of
land-atmosphere fluxes of carbon dioxide, latent heat, and sensible heat derived from
eddy covariance, satellite, and meteorological observations, J. Geophys. Res., 116,
G00J07–G00J07, doi:10.1029/2010jg001566, 2011.

Kasischke, E. S. and Turetsky, M. R.: Recent changes in the fire regime across
the North American boreal region - Spatial and temporal patterns of burning
across Canada and Alaska, Geophys. Res. Lett., 33(9), L09703–L09703,
doi:10.1029/2006gl025677, 2006.

Luyssaert, S., Inglima, I., Jung, M., Richardson, A. D., Reichstein, M., Papale, D., Piao,
S. L., Schulze, E.-D., Wingate, L., Matteucci, G., Aragao, L., Aubinet, M., Beer, C.,
Bernhofer, C., Black, K. G., Bonal, D., Bonnefond, J.-M., Chambers, J., Ciais, P., Cook,
B., Davis, K. J., Dolman, A. J., Gielen, B., Goulden, M., Grace, J., Granier, A., Grelle,
A., Griffis, T., Grünwald, T., Guidolotti, G., Hanson, P. J., Harding, R., Hollinger, D. Y.,

C5342



Hutyra, L. R., Kolari, P., Kruijt, B., Kutsch, W., Lagergren, F., Laurila, T., Law, B. E., Le
Maire, G., Lindroth, A., Loustau, D., Malhi, Y., Mateus, J., Migliavacca, M., Misson, L.,
Montagnani, L., Moncrieff, J., Moors, E., Munger, J. W., Nikinmaa, E., Ollinger, S. V.,
Pita, G., Rebmann, C., Roupsard, O., Saigusa, N., Sanz, M. J., Seufert, G., Sierra, C.,
Smith, M.-L., Tang, J., Valentini, R., Vesala, T. and Janssens, I. A.: CO2 balance of
boreal, temperate, and tropical forests derived from a global database, Glob. Change
Biol., 13(12), 2509–2537, doi:10.1111/j.1365-2486.2007.01439.x, 2007.

Marshall, M., Okuto, E., Kang, Y., Opiyo, E. and Ahmed, M.: Global assessment of Veg-
etation Index and Phenology Lab (VIP) and Global Inventory Modeling and Mapping
Studies (GIMMS) version 3 products, Biogeosciences Discuss, 12(12), 9081–9120,
doi:10.5194/bgd-12-9081-2015, 2015.

McCallum, I., Wagner, W., Schmullius, C., Shvidenko, A., Obersteiner, M., Fritz, S. and
Nilsson, S.: Comparison of four global FAPAR datasets over Northern Eurasia for the
year 2000, Remote Sens. Environ., 114(5), 941–949, doi:10.1016/j.rse.2009.12.009,
2010.

Murray-Tortarolo, G., Anav, A., Friedlingstein, P., Sitch, S., Piao, S., Zhu, Z., Poulter,
B., Zaehle, S., Ahlström, A., Lomas, M., Levis, S., Viovy, N. and Zeng, N.: Evaluation
of Land Surface Models in Reproducing Satellite-Derived LAI over the High-Latitude
Northern Hemisphere. Part I: Uncoupled DGVMs, Remote Sens., 5(10), 4819–4838,
doi:10.3390/rs5104819, 2013.

Piao, S., Wang, X., Ciais, P., Zhu, B., Wang, T. and Liu, J.: Changes in satellite-
derived vegetation growth trend in temperate and boreal Eurasia from 1982 to 2006,
Glob. Change Biol., 17(10), 3228–3239, doi:10.1111/j.1365-2486.2011.02419.x, 2011.
Scheftic, W., Zeng, X., Broxton, P. and Brunke, M.: Intercomparison of Seven
NDVI Products over the United States and Mexico, Remote Sens., 6(2), 1057–1084,
doi:10.3390/rs6021057, 2014.

Tian, F., Fensholt, R., Verbesselt, J., Grogan, K., Horion, S. and Wang, Y.: Evaluating

C5343

temporal consistency of long-term global NDVI datasets for trend analysis, Remote
Sens. Environ., 163, 326–340, doi:10.1016/j.rse.2015.03.031, 2015.

Verbesselt, J., Hyndman, R., Newnham, G. and Culvenor, D.: Detecting trend and
seasonal changes in satellite image time series, Remote Sens. Environ., 114(1), 106–
115, doi:10.1016/j.rse.2009.08.014, 2010a.

Verbesselt, J., Hyndman, R., Zeileis, A. and Culvenor, D.: Phenological change de-
tection while accounting for abrupt and gradual trends in satellite image time series,
Remote Sens. Environ., 114(12), 2970–2980, doi:10.1016/j.rse.2010.08.003, 2010b.

Interactive comment on Biogeosciences Discuss., 12, 13767, 2015.

C5344


