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¶ Lakesin coldandcold-temperateclimatesare impacted

by climatewarming: changesin water temperature,ice

phenology, water column stratification, and algal

community structure are altering the primary

productivityof theselakes.

¶ Chlorophyll-a (chl-a) is a common proxy for algal

primaryproduction.

¶ We compiledtime seriesof in situ chl-a concentrations

andancillarydata for 340lakesat latitudesabove40°N

from open data sources covering the period 1964-

2019.

¶ Monthly sampling is most common, followed by bi-

weeklyandweeklysampling.

¶ For each lake and year, we delineated the seasonal

periodsof chl-a increase(PCIs)and the corresponding

ratesof chl-a increase(RCIs)andcompiledthem into a

newdatabasecontaininga total of 52116PCIs.

¶ The new PCIand RCIdatabaseis now availableas an

online,open-accesscommunityresource.

Background

Code available on Github: 
https://github.com/hfadams/growth_window

Data available on Federated Research Data 
Repository: https://doi.org/10.20383/102.0488

Manuscript under review. Preprint: 
https://essd.copernicus.org/preprints/essd-2021-329/

Code and data

Lakes in dataset

Figure 1: Distribution of 340 northern lakes (blue dots)
included in the new chl-a database; also shown are the
closest solar radiation stations paired with the lakes
(orangedots).

Figure6: Distribution of PCIstart dates(A) versustime and (B) versuswater
temperature. Foreachpanel,the averagetrend line isshown.

¶Onaverage,springandsinglePCIsarestartingearlierin the year(Fig6A).

¶Starting dates for spring and single PCIscorrelate positively with water
temperature(Fig6B).

¶Thesechl-a trends are consistentwith algal growth starting earlier in the
yearbecauseof climatewarming.

Example data trends: PCI start dates
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Methodology

Step1: Timeserieschl-a dataaresmoothed;

Step 2: PCI starts when instantaneous RCI

exceedsthresholdvalue(here0.4 day-1);

Step 3: PCI ends when smoothed chl-a

concentrationreachesits maximum;

Step4: PCItiming, duration and averageRCIare

compiledin the dataset.
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Figure 2: Exampleof lake with two PCIs(spring
and summer-fall). Data shown are for year 1988
in LakeWindermere,UnitedKingdom.

Figure 4 (below): Frequency
distributionsof the start and end dates
of all the PCIsin the dataset.

¶Availabilityof time serieschl-a measurements
is higherin recentyears(Fig3A), likelybecause
of greater monitoring efforts and open data
requirementsby fundingagenciesand journals
[1,2].

¶At latitudes40-60°N lakeswith two PCIs(spring
and fall blooms) dominate; above 60°N lakes
with singlePCIdominate(Fig3B).

¶Start dates of singlePCIscover a wide range,
mostly between mid-February and the end of
May(Fig4).

¶Theaveragedurationsof spring,fall and single
PCIsare73, 65, and88days,respectively.

Figure3 (left): Frequencydistributions
of (A) years with chl-a data, and (B)
latitude of lakesin the dataset.

1. PCIandRCIrepresentnovelmetricsto uncoverandanalyzespatialand temporal trends in lake productivity, basedon

relativelyabundantdataon chl-a.

2. Springand singlePCIsof lakesat latitudesabove40°N are trending towards earlier start dates, likely due to climate

warming.

Takeaways

Figure5: LogRCIsgroupedby (A)trophic statusand(B)latitude.

¶Mean RCI increaseswith trophic status as a result of greater nutrient
availability(Fig5A).

¶High latitude lakes(60-70°N) tend to have lower RCIs(Fig5B), likely due to
coolertemperaturesandlower solarirradianceat theselatitudes[3].

Dataset: rates of chl-a increase (RCI)

Dataset: periods of chl-a increase (PCI)
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