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In October 2019 the Ecosystem Services Partnership (ESP) held its
10th World Conference in Hannover, Germany. An event attended by
around 800 participants, quite a difference from the first ESP meeting in
2008, when a small group of ecosystem services experts gathered. This
tenth ESP anniversary was good moment to take stock of what the in-
ternational ecosystem services community has achieved during these
years. For me personally, when preparing for a keynote presentation for
this event, that reflection resulted in the realization that I have made
many, and written a lot about, ecosystem service maps. And, that I since
2008 have a favourite way for ending a paper, typically with a sentence
along the lines of ‘hey these maps are pretty neat, as they will
“strengthen sustainable management of multifunctional areas”
(Willemen et al., 2008)’. Surely, maps can contribute to sustainable
area management, in assessments, as a canvas to plan for action, and to
guide implementation of management action. But not just any map,
only if a map is useful. I regard this as something the ecosystem service
community has achieved: we are now well-aware what to put on a map
and how (Willemen et al., 2015; Burkhard and Maes, 2017; van
Oudenhoven et al., 2018). But once we have that user-relevant, robust,
well-presented map; does that map have an expiration date? What
moment does a map represent, and why does that matter? In this
Commentary I argue that the ecosystem service community needs to
better deal with time-aspects of ecosystem service information. Here I
outline the importance of including ‘time’ and ‘timing’ to advance
spatial ecosystem service analyses.

1. Time

When making statements about trends in ecosystem services, or the
impact of area management, we need ecosystem service maps with an
expiration date: maps that clearly depict a certain moment in time that
allow for comparison. For example, in an Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) as-
sessment that was all about change, we looked at land degradation -the
loss of ecosystem services- and at restoration – a targeted increase the of
ecosystem services- (IPBES, 2018). But is that loss of ecosystem services
as compared to yesterday, the start of the industrial revolution, or the
situation before modern humans were strolling around, pre-Holocene?
That reference point in time is key (Kotiaho et al., 2016). It defines our

perception of ecosystem degradation and the arguments about the
causes, and it guides policy and action (IPBES, 2018). This IPBES as-
sessment included a map of current soil carbon and species richness
compared to the estimated original natural state, around 10.000 years
ago. That map gives an idea of the impact people have had, but re-
levance for guiding practical decision making using a reference moment
that long ago is very limited.

Defining and justifying the time period of interest is one step, but
how can we collect information over time to inform statements about
ecosystem service change? One can say that information on ecosystem
services change can be gathered in ‘people-based’ to ‘technology-based’
ways. People-based ways capture people’s perspective on change
through, for example, fact sheets, surveys, and participatory mapping
(Fürst et al., 2014; Evans et al., 2018; Fagerholm et al., 2019). Tech-
nology-based approaches use field sensors, harvest information from
the internet, or use satellite remote sensing (van Zanten et al., 2016;
Schröter et al., 2017; Norton et al., 2018). All approaches, or combi-
nations of those, have their advantages, disadvantages and com-
plementarity, in relation to the scope, period, and spatial extent of
monitoring interest. However, all approaches have one thing in
common: the resulting ecosystem service information is prone to error
and bias (Schulp et al., 2014; Willcock et al., 2019). These errors and
bias stem from intentional or unintentional simplifications of reality,
measurement errors, and are related to the large variation within social
and ecological systems, the basis of ecosystem services. So there is
uncertainty in ecosystem service information. To be able to make
statements about ecosystem service change over time -is a difference a
true change or a result of bias or error-, information about this un-
certainty is needed and should be accounted for (Bryant et al., 2018).
To move forward, I would like to see that our ecosystem service com-
munity stores and shares ecosystem service information, including un-
certainty statements, in such a way that these can be used to learn about
change over time, building upon the experience of ecosystem ac-
counting initiatives (Hein et al., 2020).

2. Timing

Ecosystem services do not only change between years but also
within a year. Nature has a heartbeat (https://worldmapper.org/
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natures-heartbeat/). How much does ecosystem service supply change
within a year? Does it matter when I do ecosystem service observa-
tions? How to capture this? To answer these questions even more time-
explicit information is needed. Satellites continuously track the surface
of the Earth is a consistent way. Currently 4274 satellites are orbiting
the earth (UNOOSA 2020), including the two European Space Agency’s
Sentinel-2 satellites collecting freely available, global high-resolution
data of the Earth surface. For most places on Earth, Sentinel-2 passes by
every five days. Satellite remote sensing information has started to be
used in ecosystem service assessments, for example through indices
describing vegetation condition, temperature, or soil moisture (Cord
et al., 2017, Ramirez-Reyes et al., 2019). These examples are ecosystem
characteristics that can be highly dynamic and drive ecosystem service
supply. To define what ecosystem service elements or processes can be
captured by remote sensing requires the identification and testing of
‘essential ecosystem service variables’ (Balvanera et al., 2016), for ex-
ample by linking satellite imagery with ground observations (del Río-
Mena et al., 2020a).

Only once the link between satellite imagery –a frequent and con-
sistent information source- and ecosystem services is established, the
variation in can be described. This variation, the timing of the eco-
system service flows, determines when nature contributes to our well-
being. For example, if the ground is covered with vegetation when the
major rains come, as such preventing erosion (del Río-Mena et al.,
2020b), or if how well we can rely on a constant supply of food and
forage (Vrieling et al., 2016). Accounting for fluctuations in ecosystem
service supply and demand is needed, especially for ecosystem services
that cannot be ‘stored’ to be benefited from later. Having good metrics
that describe of these fluctuations can inform the design of monitoring
schemes, and will allow to plan for change, towards managing for re-
silience (Fedele et al., 2017).

3. To conclude

I would like to keep on writing that one sentence, that my ecosystem
service maps and spatial analyses contribute to sustainable manage-
ment of our surroundings. But to do so I would say I –and we as a
community- need to do a better job in dealing with time. Partnerships
will continue to important for sharing information, experiences, and
addressing issues from diverse angles to ultimately advance spatial
analyses of ecosystem services and application, by:

Capturing relevant moments in time. Temporal information on
nature’s benefits to people is key to make statement of trends, give
warmings, learn from successes, and to support scenarios modelling.
For statements of trends and assessment of impact, we need to make
and justify policy- and management-relevant comparisons.
FAIR diverse spatial data allowing for comparison over time.
There is no one-size-fits-all for monitoring approaches. Currently,
ecosystem service monitoring data are scattered and poorly docu-
mented. To better describe trends, we need to make a real effort in
storing ecosystem service data in such a way that it is FAIR:
Findable, Accessible, Inoperable, Re-usable (Wilkinson et al., 2016).
Systematic testing of diverse remote sensing indices. Satellite
information is frequent, standardized, globally available and often
freely-available. Testing is needed to find out how well remotely
sensed information can capture variation ecosystem service supply
and demand, and what other information sources can complement
this.
Measuring fluctuation to plan for change. Nature and people are
changing, also within a year. When managing and planning for
sustainable management we have to account for these rhythms,
explore how well supply and demand are aligned, and adjust our
monitoring activities to this.

It’s about time.
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