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Background

Lakes modify the structure of the atmospheric boundary layer, and impact
local climate (over 1°K difference in 2-meter temperature) and local weather (up
to 10°K difference in 2-meter temperature).

At the European Centre for Medium-Range Weather Forecasts (ECMWF), lake
(i.,e. Iinland water bodies lakes, reservoirs, rivers and coastal waters)
parametrization was introduced in 2015 by including the Fresh-water Lake
model Flake in the Integrated Forecasting System (IFS). The IFS model is used
for global weather forecast production from medium to seasonal range, and for
reanalysis (e.g. ERA5) generation.

The current lake mask used in IFS is constant over time and represents
permanent water over 34 years (i.e. 1984-2018). It has been shown that a
monthly varying lake mask has a significant positive impact on regions with
prolonged rain and dry seasons, especially in Malaysia, Indonesia and Papua

New Guinea (see Kimpson et al., 2023).

Objectives

CERISE project has outlined requirements for the boundary conditions of
IFS model, which will be used for generating high-resolution reanalysis
from present back to year 1925. One of the main objectives is the
generation of high-resolution monthly varying lake masks.

Input data

»Joint Research Centre Global Surface Water Explorer (JRC GSWE) dataset,

EPSG:4326 30 m resolution 1984-2021
v'‘transition’ — 10 water classes (e.g. permanent, seasonal, etc.);
v‘monthlyHistory’ — monthly surface classification (i.e. water, notWater, noData).

»(extra) Copernicus DEM GLO30 dataset, EPSG:4326 30 m resolution 2015

v ‘elevation’ — digital surface model values, meters
v‘waterBodyMask’' — 4 surface classes (i.e. not water, ocean, lake, river);

»(extra) numerous regional glacier datasets, different grids/ resolution (15-100

m)/ period (1992-2020)/ format
v'i.e. British Antarctic Survey, QUANTARCTICA, GIMP project, QGREENLAND,
Norwegian Institute, Icelandic Metservice.
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Examples of lake variability in time " =

The Toshka Lakes (Egypt) initially formed from massive flash
floods and river floods in Ethiopia in 1998, which caused}

floodwaters to flow down the Nile River. ool
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Agricultural activity in the Toshka Lakes region rose rapidly in the 2000s, but

soon the water Ievelsofthe lakes decllned and became emptya ain b 2018

The regrowth of the Toshka lakes from 2018 to 2023 due to heavy rainfall in

Sudan and South Sudan in the summer of 2019 and major flooding events in

Sudan in 2020, 2021, and 2022.
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Images on the top and bottom are from USGS Landsat 7 Collection 2 Tier 1 Raw Scenes.
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General methodology

oDetermine dominant grid cell type (i.e. water, notWater, noData) for
v'the whole period, v'each month of the period, v'every 10 years of the period;
o Fill noData grid cell type by combining previously obtained information;
o Calculate permanent water distribution per 10-year period and
 correct regionally in space over glaciers, islands, and far north areas,
* correct regionally in time for years prior to available data;
o Calculate seasonal monthly water distribution per 10-year period and follow
the same procedure as for permanent water;
o Separate water into inland and ocean;
o Reduce resolution from 30 m to 1 km.

Resulting map comparison: Aral Sea

Permanent inland water fraction: AralSea

Inland water total area: AralSea (dataset’s nominal horizontal resolution in meters)
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Resulting time-varying inland water maps

Generated maps are grouped per 10-year period, each period has one
permanent water map and twelve monthly maps (i.e. permanent water +
monthly delta):

» 1992-2021 maps are fully independent and are purely based on satellite data;

* 1962-1991 maps have in general the 1992-2001 period as a baseline and are
updated only regionally - based on available reliable satellite information or historic

records (i.e. maps, verbal description), and elevation data criteria;

* 1925-1961 maps use the 1962-1971 period as it (i) had booming water-related
anthropogenic activities, i.e. building of large reservoirs and irrigation channels, re-
routing rivers, etc.; (ii) was the last decade with the acceptable amount and quality of
In situ data to make any assumptions/ calculations or verification.

The regional map corrections and updates were implemented for regions with:

(i) frozen 2012-2021 distribution — north of 78 °N, Sao Tome island and south-west Africa,
Antarctica and South Georgia and the South Sandwich Islands;

(ii) 1982-1991 baseline distribution — large regions surrounding Great Salt Lake (USA),
Mississippi River (USA), Brazil, Argentina, Australia;

(iii) altered baseline distribution to match reality — Toshka lakes (Egypt, formed in 1998),
Dubai islands (UAE, built in 2001-2003), Great Salt Lake (USA, 1962-1971 water distribution
mimics 2012-2021 period);

(iv)updated baseline distribution to match historical information — Great Salt Lake
(USA), Lake Mead (USA), Lake Poopo (Bolivia), Dead Sea (Israel/Jordan), Lake Habbaniyah
(Iraq), Lake Milh (Iraq), Lake Urmia (lran), Aral Sea (Kazakhstan/Uzbekistan), Menindee Lakes
(Australia), Lake Chad (Chad/Cameroon/Nigeria/Niger).
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