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Abstract.

Evaporation plays an important role in the water balance on a-different spatial scales-Observation-and-estimation-ofevaporation
is-a-challenging-task. Evaporation-occurs-on-each-surface-and-is-driven-by-different-energy-sourees—However, its direct and
indirect measurements are globally scarce and accurate estimations are a challenging task. Fhus—For the correct process
approximation in modelling of the terrestrial water-balaneeevaporation plays-a-crucial-partis still difficult. Here—we-tse-aA
physically-based 1D lumped soil-plant-atmosphere model (BROOKO0) is applied to study the role of parameter selection and

meteorological input-forcing for the simulationmedelied of evaporation en-at the point scale. Fhenwith-By the integration of
the model into global, regional and local frameworks, we—made—cross-combinations were elaborated out of their
parameterization and forcing schemes to analyse-the-asseciated-medel-uneertaintyshowanalyse and analyseshow their roles in
the estimations of the-evaporation.

Five sites with different land uses (grassland, cropland, deciduous broadleaf forest, two evergreen needleleaf forests) located

in Saxony, Germany were selected for the study. A

and-evaperation-measurements-themselves: All tested combinations showed a good agreement with FLUXNET measurements
(KGE values 0.35-0.80 for a daily scale). For most of the sites, the best results was found for the calibrated model with in-situ

meteorological input data, while the worst wasere observed for the Glebal BROOKI0-with-ERABglobal setup-foreing. The
setups’ performance in the vegetation period was much higher than for the winter period. Among the tested setups, the model

parameterisation gaveshewedlead to a higher spread in the model performance than it was observed due to the meteorological
forcings—forfields—and-evergreenfore ites—while oppesite-was neticed-in-deciduous forest. The Aanalysis of the of

evaporation components revealed that transpiration dominates (up to 65-75 %) in the vegetation period, while interception (in

forests) and soil/snow evaporation (in fields) prevails in the winter months. Finatbyurthermore, it was found that different
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parameter sets impact the model performance and redistribution of evaporation components throughout the whole year, while

the influence of meteorological forcing was evedentevident only in summer months. Finally, the results suggest that ERAS

data might serve as reasonable meteorological forcing for evaporation simulations even at a local, respectively point scale.

1 Introduction

Evaporation as a water balance component plays an important role in the hydrological process at multiple spatial scales: from
a single leaf to an entire catchment. As a result of mass and energy exchange between the soil-plant and atmosphere system,
the global annual terrestrial evaporation amount yields approximately % of the total precipitation (McDonald, 1961), showing
however large range even on a macroscale (Haddeland et al., 2011; Harding et al., 2011; Miralles et al., 2016). However, with

the need of higher spatial and temporal resolution, the high variability of evaporation should be taken into account and properly
addressed evaperation-exposes-larger-variabitity;(Anderson et al., 2007; Baldocchi et al., 2001; Jung et al., 2011; Pan et al.,

2020; Zhang et al., 2010). Thus, accurate estimates of evaporation on different scales as well as deepening-knewledgeadvanced
understanding of the process itself, are beneficial for planning, developing and monitoring of hydrologic, agriculture and
ecological systems, e.g., irrigation scheduling, water distribution systems, crop modelling, quantification of energy and
moisture exchange between the land surface and the atmosphere (Fisher et al., 2017; McNally et al., 2019; Schulz et al., 2021).
Apart from the total evaporation itself, it is sometimes necessary to assess and quantify its components (Chang et al., 2018;

Lawrence et al., 2007; Leuning et al., 2008; Schulz et al., 2021), namely components, like transpiration, evaporation from the

ground or snow surface, and evaporation of intercepted rain and snow from the canopy. However the partition of the

etal., 2017),

Various direct (i.e. porometer, eddy-covariance and lysimeter) and indirect (Bewen-ratio-gradient-experimental waterbalanee

watershedscatchment water balance, energy balance, theoretical models based on meteorological data) methods have been

developed and used to measure evaporation at different spatio-temporal scales. Each method has its strengths and weaknesses,
but what they have in common is that the results have limited representativeness. Namely, they are valid only within a_certain
space of scale and timee—Fhis-(so-called “footprint™), which is usually quite small, thus only a local scale could be represented

by it (Baldocchi, 1997; Wilson et al., 2001). Recently, these methods were extended to include remote sensing techniques for
the regional and global scale (Anderson et al., 2008; Leuning et al., 2008; Miralles et al., 2011, 2016), but the quality of the
output products possess still a potential for improvement (Pan et al., 2020; Zeng et al., 2012). Among theeperationat
measurements datasets of the in-situ evaporation measurements, the FLUXNET network (http://www.fluxnet.ornl.gov) prejeet
has-the-largestnetwork-with-provides eddy-covariance data from about 500 stations worldwide within FLUXNET2015 dataset
(Pastorello et al., 2020) Fhe-project-aHocates-standardized-eddy-covariance-techniguessinee-1990s—and-isand still acting-acts

as the main driver in advancing evaporation research (Baldocchi et al., 2001; Jung et al., 2011; Mauder et al., 2018).
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Evaporation measurements are still scarcely available due to high costs and the problem of large-scale representability (in
comparison to e.g. discharge measurements).

Hence, mathematical modelling in favour of its feasibility is a practical substitute. Besides empirical formulas (Cerro et al.,
2021; Feng et al., 2016; Zeng et al., 2012), evaporation is often estimated by physically-based models (Beven et al., 2021;
Boulet et al., 2015; Liu et al., 2012; Mallick et al., 2018), in which Penman-Monteith (and Shuttleworth and Wallace extension)
formula is one of the most frequently used. This approach reduces potential evaporation to an actual one accounting for the
available water in the soil-plant system. Thus, it is incorporated into many land surface models and frameworks regardless of
scale: local, regional or even global (Leuning et al., 2008; Mallick et al., 2018; Zink et al., 2017). Despite many efforts to
improve evaporation models on different scales, large uncertainties still remain{Allen-et-al-1998,p.56; Miralles-et-al-2016;

modelling (or more in general — hydrological modelling) uncertainties can be classified as following: model structure and

process representation, choice of an appropriate parameter set, meteorological input data, spatio-temporal miss-scaling and
uncertainties of evaperatien-measurements for the model validation themselves (Mallick et al., 2018; Mauder et al., 2018;

Mueller et al., 2011; Zhang et al., 2010). Studying these sources of uncertainties from different approaches and frameworks
gained more attention in recent years, however most of these studies are limited by the focus on one single spatio-temporal
scale (Chang et al., 2018; Jung et al., 2011; Liu et al., 2012). Only a few researchers focused on elarifying-investigations of
the uncertainties in multiple frameworks with multiple input datasets and simultaneously accounting for point, regional and
global scales (Pan et al., 2020; Su et al., 2005; Winter and Eltahir, 2010).

Here we aim to extend the knowledge

evaporation
estimatesions based on the soil-plant-atmosphere physically-based lumped BROOK90 model, which we integrated into three

different-frameworks. These frameworks use different “state-of-the-art” sources of data for the model parameterisation and
forcing which represent various spatial scales. Namely these scales are global, regional and local. By mixing these different

datasets and validating the simulated evaporation with eddy-covariance measurements, we show-want to show dependencies

Our main hypothesis is that the goodness of fit of the setups smeethly-increases from global to local scale (for-bethwith respect

to the- parameterization ands well as to the forcing}. However, it was unclear how the scale combinations will perform, i.e.

|

OTcdopmMaTMpoBaHo: aHruickuii (CoeanHeHHoe

KoponeBcTBo)

[OTd’OPMaTVIpOBaHO: HeMeukuit (FepMaHus)

OTdopMmaTUpOBaHO:

He BblAeNieHne LBETOM

OTcdopmMaTMpoBaHo:

He BblAe/NEeHNe LIBETOM

OTcdopmMaTMpoBaHo:

He BblAe/NEeHNe LIBETOM

OTcdopmMaTMpoBaHo:

He BblAe/NEeHNe LIBETOM

local meteorological data with global parameterization and visavice versa. Therefore, this study presents the first qualitative
analysis of the model input scale uneertaityuncertainty in-generalexemplarily, based on the best- globally avatable-and locally
available data sets.—hot-going-into-deep-quantatitativequantitative—analysis—of single-—uncertaintiesusingi-eke—statistical
beetstrapping-or-Mente-Carlo-simulations: Therefore, this studyk-alse possesses a practical outcome. Namely in g presence of
limited resources and data, first conclusions ean-be-drawn-about the reliability of evaporation estimates for a point (hydrological
response unit) scale can be drawn byfrom ;eanthe global or regional BROOK90 frameworks. Moreover, the study points to a
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direction and-where the BROOK90 user should put more attention — accurate parameterization or meteorological input. aralyse

set-or-the-meteorelogical-input—Thus, the outcome of this study aims-te-provides a better understanding of the BROOK90
model as well as the results-sheuld-shows the directions to improve effectively evaporation simulations.

2 bataMaterial and methods
2.1 Study sites and Eeddy-covariance measurements

The evaluation of simulated evaporation was carried for five sites with various land covers and long-term eddy-covariance
measurements (Fig. 1, Table 1). All selected towers are located in Saxony, Germany. The study area is characterized by
temperate suboceanic/subcontinental climate (Cfb, Kottek et al., 2006). The average mean daily temperature varies between
+-15 °C and +2045 °C in summer months and between -5 °C and +5 °C in winter months. The average annual precipitation
varies between 750 mm and 960 mm. The measurements of atmospheric fluxes with standardized methods are operated by
Technische Universatit Dresden within ICOS and FLUXNET projects. In this study, we used daily evaporation values
calculated from measured latent heat fluxes corrected for the observed site-specific energy budget closure gap. In general,
from 10 (Hetzdorf) up to 23 (Tharandt) years of continuous time-series are available.

The Grillenburg site (DE-Gri, the sensor height is 3 m above the ground) is a permanent and extensively managed (one to three
cuts per year) flat-terrain grassland (mesophytic hay meadow). Regular mowing usually takes place in June and September. In
the case of three cuts per year, the second one is usually done in July. Typical plant species include couch grass_(Elymus

repens), meadow foxtail_(Alopecurus pratensis), common yarrow_(Achillea millefolium), common sorrel (Rumex acetosa) and

white clover_(Trifolium repens). The area is generally used for forage and rarely for pasture. Vegetation height is measured
once per week, with the lowest values (5-10 cm) measured at the beginning of growing season or after cutting and highest
values (typically 30-40 cm, maximum 90 cm) in the summer before cutting. Although the LAl was only occasionally measured,
the significant correlation between vegetation height and LAl made it possible to interpolate the annual range. Therefore, the
range of LAl was estimated between 0.25 m?> m? and 5 m?> m™ in the yearly course. The topography around the site promotes
cold air deposition, thus daily minima of air temperature are often much lower than at the other sites. The site is mainly

characterized by gleysol soil that contains silty loam, loam, and loamy silt as soil textures.

The Klingenberg site (DE-KIi, the sensor height is 3.5 m above the ground) is an intensively farmed arable land located 4 km
south from the Tharandt forest (Fig. 1). This site is characterized by annual and inter-annual crop rotation of rapeseed (Brassica

napus), winter wheat (Triticum aestivum), forage maize (Zea mays), spring barley (Hordeum vulgare) and winter barley

(Hordeum vulgare) with occasional intercropping. As a result, plant cover, vegetation height, LAI and rooting depth varied
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greatly across time periods, i.e. measured annual maximum canopy height values vary between 0.7 m and 2.2 m and LAI could
reach up to 6 m? m Soil properties and runoff behaviour are strongly influenced by tillage and fertilizer application.

According to the (Ad-hoc-AG Boden, 2005), the soil was classified as gleysol and has a clay or loam texture.

The Hetzdorf site (DE-Hzd, the sensor height is 5 m (2010-2017), 11.5 m (2017-2021) and 17.5 m (since 2021) above the
ground) is a young oak (Quercus robur) forest planted after the Kyrill storm in 2007, which caused severe windthrow (40 ha)
in an old Norway spruce (Picea abies) forest. This site has a moderate slope to the North and a main wind direction to the
South due to a gap in the surrounding old spruce forest. The young oak stand is approximately 8-10 m high (2021) and enclosed
by spruce forest (up to 30 m height). Due to the high amount of deadwood and the young oak plantation until 2017 this
ecosystem was a net CO, source, but since 2018 it already acts as a moderate CO- sink_(Drought 2018 Team and COS
Ecosystem Thematic Centre, 2020; Warm Winter 2020 Team and COS Ecosystem Thematic Centre, 2022). As a young
growing site, LAI varies dynamically from year to year and was only measured sporadically. The site is dominated by
pseudogley soil with a silt and silty loam texture.

The Tharandt site (DE-Tha, the sensor height is 42 m above the ground) is a 120-year-old mixed conifer forest with a mean

canopy height of 30 m, consisting mainly of Norway Spruce (Picea abies, 80 %), European larch (Larix decidua, 18%), and

various other evergreen and deciduous tree species (2 %) such as Scots pine (Pinus sylvestris), Stversilver birch (Betula
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pendula) and Meuntair-mountain ash_(Sorbus aucuparia). Root depth amounted between 30 cm and 40 cm, relative to the
predominant Spruce tree. The forest was thinned five times (1983, 1988, 2002, 2011 and 2016) and European beech (Fagus

sylvatica) and Silver fir were planted in the understorey in 1995 and 2017, respectively. The site has silty podzol soils with

relatively high stone content (10-20 %). These soils were developed from a periglacial sediment consisting of debris from
rhyolite and loess and are very heterogeneous.

The Oberbaerenburg site (DE-Obe, the sensor height is 30 m above the ground) is an 80-year-old dense evergreen forest 15-
17 m height with predominantly Norway spruce trees (Picea abies). In contrast to the other sites, this site is located much
higher (734 m a.s.l.) with a prevailing NW wind direction and mean temperature and precipitation of 6.9°C and 960 mm,
respectively. Spruce density has been thinned over the years (e.g., 1057 trees ha in 1994, 987 trees/ha in 2000, 884 trees ha™
in 2005, and 846 trees ha in 2011). However, this has had little effect on the site characteristics. The soil is characterized as
podzol and has a sandy texture with high stone content (20-40 %).

According to on-site measurements, the groundwater tables for all sites are at least 3 m deep, thus is is-assumed, that there is

no significant influence groundwater on the water demand for the evaporation.

Due to the principles of eddy-covariance measurements, the observed fluxes refer to a certain footprint that varies depending
on wind speed, wind direction and atmospheric stability. Moreover, it is also affected by the height of measurement and the
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surface roughness. According to long-term micro-meteorological measurements around the study sites, it was found that in
relation to predominant weather conditions the area of the highest flux density of the eddy-covariance signal (90 %) was within
a radius of 120-380 m. The values differ significantly among sites, but not greatly between wind directions (< 10 %). Thus,
equidistance footprints for each station (red circles on Fig. 1, shape files can be found in Supplementary) were assigned as

mean values from all wind directions. These values are further used in the simulations in model frameworks.
Selected daily evaporation data and other climatological variables can be found in the Supplementary.

Hetzdorf Tharandt

.2 Dippoldiswalde
Klingenberg
o S50 100m 100 200m
[ S|

Figure 1. Location of chosen FLUXNET sites. Red circles represent footprints for each tower. OpenSteet Maps (Planet dump
retrieved from https://planet.osm.org) and Bing Satellite images (BingTM Maps tiles, 2020) are used as a background.

Table 1. Short summary on the chosen FLUXNET sites.

ID Site name Latitude | Longitude Avgulable Footprint, Dominant soil Land cover type
ata m type
Grillenburg 50.950 13.513 2003-2020 135 gleysol Permanent grassland
2 | Kiingenberg | 50.893 | 13522 | 2005-2020 135 gleysol Ag”cu'rg‘t;etig’:;th crop
3 Hetzdorf | 50.9641 | 13.490 | 2010-2020 125 pseudogley | Yound O:t';:r‘r’]r)e“ (after
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4 Tharandt 50.963 13.565 1997-2020 360 podzol Old spruce forest
5 | Oberbaerenburg | 50.787 13.721 2008-2020 350 podzol Spruce forest

2.2 BROOK90 model

BROOKAO0 (Federer et al., 2003) is a 1D process-oriented model for simulation of vertical water fluxes in soil-plant-atmosphere

systems. Precipitation input (snow or rain) first goes through the canopy, where it could be intercepted and then evaporated.

The portion, which reaches ground level, could be infiltrated, frozen, evaporated, converted to surface flow, percolated or
stored as soil moisture. Infiltrated water follows a top-down approach as a macropore bypass and matrix flow. The soil column

has groundwater, seepage and downslope outflow. Finally, soil water storage is used for evaporation and transpiration. The

model has more than 100 physically-based input parameters, but typically most are straightforward and can be set easily (as

location or slope). As the study mainly reflects evaporation, this part of the model is described in more detail.

The model uses a two-layer version of Penman-Monteith (PM) equation by Shuttleworth-Wallace (SW) (Shuttleworth and

Wallace, 1985) to estimate the potential evaporation (PE) separately for canopy and soil surface accounting for the surface

energy budget and the gradient for the sensible heat flux respectively. Canopy-dependent PE consists of evaporation of

intercepted snow and rain and plant transpiration. It is defined as the maximum evaporation that would occur from a given

land surface under given weather conditions if all plant and soil surfaces were externally wetted. Surface-dependent PE

includes evaporation from soil and snow surfaces. It is defined as the maximum evaporation that would occur from a given

land surface under given weather conditions if plant surfaces were externally dry and soil water was at field capacity. The SW

method considers multiple resistances like the above canopy, within canopy from canopy and ground, canopy surface, vapour

movement in soil. They are applied in the standard PM equation, thus giving separate estimates of all five components of PE.

It should be noticed, as BROOKO0 distinguishes between soil and plant evaporation, only one canopy process and one ground

process can occur at a given timestep. Subsequently, actual evaporation (E) is based on the water availability in the system

(within the canopy, on the soil and within the soil matrix). Daily evaporation rates are calculated as a weighted sum of the

daytime and night-time values (based on the sunshine duration); however, interception could be estimated at a higher frequency

(hourly).

Originally, the model was written in FORTRAN programming language, here we used an R ‘line-by-line’ direct translated
version (Kronenberg and Oehlschligel, 2019).

2.3 Model frameworks and parameterization sehemesschemes

In the study, four different scale-dependent setups for the BROOK90-setupsmodel are used to simulate evaporation and its
components;—with—the BROOKI6—medelas—the—main—core: Global BROOK90, EXTRUSO, BROOK90 with manual
parameterization and calibrated BROOK90._To parameterize the model for global, reginatregional and local scale different
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topography, soil and land cover datasets were utilized.. Most of the model’s physical parameters are either default and thus

fixed by the model developer or valid for whole model region (i.e. average duration of rain precipitation per month). Variable

site-specific parameters (around 40 depending on the setup) and their values for all tested frameworks are listed in Appendix

C (Table C1).

2.3.1. Global BROOK90 (GBR90) -~

[ OtcdopmaTpoBaHo:

The Global BROOK90 (GBR90) framework incorporates open-source global datasets for parameterization and forcing of the

model using an R-package (Vorobevskii et al., 2020). The main feature of the package is wrapping of the modelling process

in a fully automatic mode based only on the location and time-interval input. The input area of interest is divided in a reqular

50x50 m grid, and then hydro response units (HRU) are identified based on the unigue combinations of land cover, soil

characteristics, and topography (aspect and slope). GBR90 provides fixed parameter sets for 20 land cover types based of

LLIpnT: He NoNy>XMpPHbIN ]

OtcdopmaTpoBaHo:

3aronoBok 3, nHtepsan Mepea: 0 nT, J

OTdopMaTUpOBaHoO: aHruiickuit (CoeamHeHHoe

Copernicus Global land Cover 100 m (Buchhorn et al., 2020); closed and opened forest (evergreen/deciduous, needle/broad Koponescrso)

o2 =9e " ©

leaf or mixed, and unknown), sehrabsshrubs, herbaceous vegetation, moss and lichen, bare/sparse vegetation, cultivated and

managed vegetation, urban territories and snow/ice. Additionally, Leaf Area {dexIndex (LAI) and tall canopy height
parameters were assigned using MODIS 8-day composite dataset with 500 meter resolution (Myneni et al., 2015), and Global
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Forest Canopy Height with 30 m resolution (Potapov et al., 2021), respectively. The SoilGrids250 dataset (Hengl et al., 2017

OtdopmaTuposaHo: LpudT: Times New Roman, 10 nT,
Lget wpudrTa: ABTO

provides global information on standard soil properties with 250 m resolution. Number of soil layers, stone fracture and profile |
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depth parameters are directly derived from this dataset, while soil hydraulic parameters are assigned from the standard model KopornescTi BO)
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developer’s sets based on the derived USDS soil texture class. Amazon Web Service Terrain Tiles (Mapzen Data Products,
KoponescTBo)

2020) are used as provider for the global digital elevation model data (SRTM30 in case of Saxony). The model is applied OTdhopMATMPOBAHO: aHIIMIICKII (CoRaHEHHOE

KoponeBcTBo)

separately to each HRU and an area-weighted mean is calculated. A more detailed description of the framework is presented
in (Vorobevskii et al., 2020).
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2.3.2. EXTRUSO (EXTR) KoponeBcTso)

OTdopMaTUpOBaHO: aHruiickuit (CoeamHeHHoe
The EXTRUSO (EXTR) is a semi-automatic framework for spatial water babaleebalance simulations on a regional scale {up KoponescTso)
te-new-enly-rlimited to the domain of Saxony, Germany} and is distributed via R-package (Luong et al., 2020), The HRU

subset in-is also based on the overlay of soil and land cover types derived from the regional datasets. Due to specifics of these
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datasets (polygons rather than regular grid rasters) HRUs do not have regular dimensions. The framework has fixed
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2 (European Environment
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Sachsen, 2020) is used for slope and aspect estimates. As in GBR90, BROOKO0 is run for each HRU and an area-weighted

mean is stored. A full description of the framework is available in (I uong et al., 2020).

2.3.3. BROOKO0 (BR90) with “expert-knowledge™ parameterization

Finally, we made a setup using the original BROOK90 model (BR90) with manual parameterization based on field

measurements. These include long-term observations of the different canopy parameters conducted on the chosen FLUXNET

sites (height, LAI, conductivity, albedo), soil profile data (soil texture, depth, stone fracture) and expert knowledge (i.e.

interception parameters).

2.3.34. Calibrated BROOK90 (CBR90) as a benchmark

The calibrated BROOK90 (CBR90) serves as a benchmark for all other runs. For the calibration of BROOK90, we choose a
multi-objective optimizer recently developed for the calibration of hydrological models. The algorithm is a hybrid of the MEAS

algorithm (Efstratiadis and Koutsoyiannis, 2005), which uses the method of directional search based on the simplexes of the

objective space and the epsilon-NSGA-II algorithm with the method of classification of the parameter vectors archiving

management by epsilon-dominance (Reed and Devireddy, 2004). A Ppareto-optimal solution was used to address two issues.

First, as most of total annual evaporation occurs in the vegetation period, it makessenseis reasonable to separate this period as

the contribution of the winter months should have lesser ‘weight” during model fitting. Second we tried to account for possible

systematic errors of eddy-covariance measurements themselves, which could vary significantly depending on the season

(Hollinger and Richardson, 2005; Twine et al., 2000; Widmoser and Michel, 2021). Therefore, the pareto front could help to

choose an optimal parameter set, namely enhancing winter month performance with insignificant loss of performance in

vegetation period).

Here, we performed calibration and validation with a 70 % — 30 % data split focusing on maximising daily KGE values for

total evaporation for the growing season (March-October) and the winter period (November-February). The initial parameter

sets were set by “expert-knowledge”. For the calibration we initially took the ‘location’ parameters parameters-within a

physically meaningful range, which are recommended by the developer and other researchers as the most sensible (Groh et al.,

2013; Habel et al., 2021; Schwiirzel et al., 2009; Vilhar, 2016). After the manual sensitivity analysis conducted using the given

site-specific data, 21 parameters were chosen. In general, these include albedo, vegetation and flow characteristics.

Meteorological forcing was derived from in-situ measurements. The total number of trials was limited to 1000 model runs,

which was sufficient to achieve stable performances for all three optimization functions.

Results of the calibration and validation are presented in Table 2. A complete list of chosen parameters with given ranges and

a graphical overview of the resulting Pareto fronts for each site are provided in Appendix C (Tables C1 and C2). The raw

outputs of calibration results for all trials with optimized parameters can be found in the Supplementary. It can be stated that
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calibration and validation showed satisfactory results for the vegetation period even on a daily scale, while the results for the

winter time were poor at most sites (more in detail in Sect. 5.2 and 5.3).

Table 2. Daily Kling-Gupta-Efficiency for BROOK0 calibration and validation.

i KGE (Vegetation period) KGE (Winter period)
1D Site name — . R A
Calibration | Validation | Calibration | Validation
1 Grillenburg 0.89 0.81 0.49 0.44
2 Klingenberg 0.72 0.67 0.19 -0.03
3 Hetzdorf 0.82 0.75 0.30 0.17
4 Tharandt 0.72 0.69 0.26 0.14
5 | Oberbaerenburg 0.72 0.61 0.02 -0.94

2.2-4 Climate-dataMeteorological forcings

We have chosen ERA5 (Copernicus Climate Change Service (C3S): ERAS: Fifth generation of ECMWF atmospheric
reanalyses of the global climate. ERA5 hourly data on single levels from 1979 to present., 2020), RaKliDa (Kronenberg and
Bernhofer, 2015) and in-situ station measurements to represent the global, regional, and local scales, respectively, as
meteorological forcing for the BROOKI90-frameworks—{see-Seet—3-1)model. The list of standard climatological variables
required to run BROOK90 consists of minimum and maximum 2 m air temperature, mean 10 m wind speed, solar radiation
on the horizontal surface, vapour pressure, and precipitation. Typically, daily data is required; however, if available, sub-daily
precipitation data is more favourable.

The ERAS is a global climate reanalysis dataset from Copernicus and European Centre for Medium-Range Weather Forecasts,
available from 1950 to near real time at hourly resolution. It was derived using data assimilation principles by combining a
global physical model of the atmosphere and observations from around the world. The original model resolution is 0.28125°,
which corresponds to about 31*x20 km rectangle in the area of interest. For the present study, data from the nearest to each
site ERA5 grid was downloaded and processed by aggregating hourly to daily values.

RaKliDa is an open-source daily climatological dataset covering the south-eastern part of Germany (namely Saxony, Saxony-
Anhalt and Thuringia) with a time span of 1961-2020. The original station data from the German Meteorological Service and
the Czech Hydrological Meteorological Institute are first corrected for wind errors (Richter, 1995) and then interpolated on a
1x1 km grid using the Kriging indicator (Wackernagel, 2003). This approach is intended to reflect the orographic influence of
downwind and upwind effects and to account for convective and small-scale precipitation events. As with ERAS5, the nearest

grid to each tower grid was used.
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Daily meteorological data was taken from standard climate stations located in close proximity to the eddy-covariance towers.
Exception is the wind speed, which is measured on the same height with eddy-covariance. In addition, the available net
radiation was assimilated above the canopy. Prior data analysis revealed up to 15 % of missing values (depending on location
and variables). Since these values are generally not drastic, the majority of the missing parts fall within the model “warm-up”
period, and the variance of the most problematic variable (wind speed) within a site is not very high; it was decided to fill the
gaps with simple monthly averages.

All of the inputs required by BROOKO0 are directly available in all three data sets, except for the vapour pressure, which was
calculated using dew temperature data (Murray, 1967) for ERA5 and mean daily temperature with relative humidity for two

others (Magnus formula).

The meteorological data prepared for BROOK90 can be found in Supplementary. A graphical overview of the differences
between three data sets is presented in Appendix A-and-wit-be-discussed-lateron.

Of the six input meteorological variables, net solar radiation and precipitation have the biggest influence on evaporation.

Global radiation in the gridded datasets showed minor but systematic overestimation compared to measurements on the mean

daily scale (around 1 MJ*m?*day™ in winter and 2-3 MJ*m?*day* in summer months). However, summer variations (peaks

and minimums) are underestimated probably due to cloud coverage problems in ERA5 and RaKliDa. Precipitation showed a

much larger and non-systematic difference between the three datasets. In general, higher mean daily precipitation was

measured from September to March in Grillenburg, Hetzdorf and Tharandt (0.5-2 mm*day*). However, when looking at the

BIAS values (Table 3), a negative BIAS is typical for both datasets (except Klingenberg for both and Tharandt for RaKliDa).

The behaviour of the vegetation and winter periods separately follows the annual BIAS. Temperature and available vapour

pressure appear to be consistent, with 1-3 degree and 0.01-0.03 kPa respectively variation from measurements in the summer

months. The exception is Oberbaerenburg, where the maximum temperature and available vapour pressure from ERA5 and

RaKliDa have higher deviations, probably due to neglecting higher altitude in the datasets. Finally, wind speed possesses a

systematic positive biasBIAS (1-2 m*s™) for all months, except for ERAS5 in forests and Klingenberg.

Table 3. Precipitation BIAS (to in-situ measurements).

Site name % Year VJ;?;&ZOH %
Grillenburg 0.91 0.95 0.83
Klingenberg 1.05 1.05 1.05

Hetzdorf ERAS 0.92 0.96 0.85

Tharandt 0.96 1.01 0.85

Oberbaerenburg 0.76 0.85 0.59
Grillenburg RaKliDa 0.88 0.92 0.8

-
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Klingenberg 1.04 1.02 1.08
Hetzdorf 0.88 0.93 0.77
Tharandt 1.15 1.16 1.12

Oberbaerenburg 0.71 0.78 0.57

3.22.5- Evaluation of parameterization and forcings combinations

To assess the uneertainty-sensetivitysensitivity of the BROOKO0 setups-to different parameter and meteorological inputs with
regard to the evaporation eempenentssimulations, we propose to create different combinations of the framework's

parameterizations from global, regional and, local schemes and meteorological inputs from global, regional and local datasets
(Fig. 2). Additionally, we tested the sensitivity of the setups to the temporal resolution of the forcing data (hourly and daily for

ERAD). Our—main—hypothe hat-the—goodness—o of the-setups—decreases—from—globaltolocal-scale{fo

Calibrated
BROOK90

BROOK90

Evaporation

EXTRUSO

Global
BROOK90

Figure. 2. Principal scheme of the framework’s mixture. Red arrows represent the original “parameter set — meteorological
forcing” combination.

From the model runs, we extracted total evaporation and its five components: transpiration, evaporation of intercepted snow
and rain, evaporation from soil, and snow evaporation. These results were evaluated on daily and monthly scales for the whole
year and separately for the winter and vegetation periods using the following performance metrics: Mean Absolute Error,
Nash-Sutcliffe Efficiency (NSE) (Nash and Sutcliffe, 1970) and Kling-Gupta Efficiency (KGE) (Gupta et al., 2009). The last
one can be decomposed into three main components important to assess process dynamics: correlation, biasBIAS, and
variability errors. Sinee—al-thepropoesed—metrics—are—weHknown—we—omitThe formulas_and optimal ranges for each
performance metrics in-main-textandare listed them-in Appendix B.

Additionally, to test the uncertainty of the obtained performance, a small data resampling experiment was designed (here only
for the daily KGE values). -1t helps to show the possible performance spread due to general time-series shortage and occurrence

of some extreme years (e.qg. like wet 2003 and 2012 or dry 2018 and 2019). Thus, for each station we calculated multiple KGE
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values with reduced time-series length by randomly (1000 samples with replacement) throwing away 3 years of data (same for
all cross-combinations). Obtained values serve to assess the possible KGE spread for each framework and meteorological

dataset.

2.6 FAO grass-reference evaporation

The FAO approach was chosen Fo-compare—the relativecomplexfor the comparison with the -BROOK90 model. Both
approachesof them -with-otheronebut-in-the-same-timeremain-on-the-same-methodological-background-ofare based on the
Penman-Monteith equation-the FAO-approach-waschosen. The FAO approachmethed is considered as a state-of-the-art for

grass-reference evapotranspiration estimatienes (Paredes et al., 2020; Sentelhas et al., 2010). Potential daily evaporation values
are obtained on the basis o+f a simplified Penman-Monteith approach {faciitations—concern—aerodynamic—and-surface
resistanees-caleualtions)} with therradiation (shortwave and longwave), air temperature, wind speed and humidity as-the input

data (Allen et al., 1998). The approach simplifications are concerning the aerodynamic and surface resistances calculations.

4-3 Results
43.1. Daily and monthly total evaporation

Before-diseussing-the-performance-eriteriaAt first, a visual analysis of the modelled evaporation was performed. Therefore,
daily (for 2020) and monthly (for the whole period with available measurements) time-series (Appendix D), monthly quantile-
quantile (Fig. 3) and mean monthly (Fig. 4) plots were analysed.

Daily evaporation of 0-0.5 mm in winter and up to 6-7 mm in summer months (with a maximum of about 10 mm) was found
for the Grillenburg’s grassland. All model setups showed similarly low values in November-February. The growing period
(March-May) was represented with a delay of 3-4 weeks for GBR90 and EXTR and 2-3 weeks for BR90. Calibration helped
to eliminate this time shift on a monthly scale, however at the same time enhancing the unreasonably high variability on a
daily scale. During the summer months (June-August), the frameworks suffered from the systematic inereasinrg-overestimation
of variance ratio and underestimation of the mean valuessystematie-underestimation, which get-werseis especially noticeable
within the higher evaporation values rangevatdes. Moreover, monthly maximum values vary from year to year due to

differences in the timing of grass cuts. Evaporation in autumn is well captured but advanced by 2-3 weeks in EXTR and BR90.
Finally, the difference between meteorological datasets is only noticeable in the summer months.

In Klingenberg’s crop field, evaporation of 0-1 mm in winter and 4-6 mm in summer months (with maximum around 9 mm)
is usually observed. In most of the years, all model setups showed a similar small overestimation in November-January. It was
relatively difficult to achieve a good model fit geed-timing-regarding the timing of the growing and harvesting periods forthe
vegetation-peried-even on a monthly scale. Since the growing-ane-harvestboth periods of the various crops differ by up to two

13



350
351
352
353
354
355
356
357

358
359
360
361
362
363
364
365
366
367
368

369
370
371
372
373
374
375

376
377
378
379
380
381

months and the annual rotation with clear cuts are irregular. The growing period (February-May) had in general a delay of 2-
6 weeks. Here CBR90 shows higher daily evaporation values, thus fitting geed-low BIAS, while the variance ratio stays
underestimated. In contrast with the grassland site, summer months (June-August) did not depict a high biasBIAS, the main

wneertatnty-problem Hes-appears in a considerable scattering_due to poor correlation, which is higher in the middle part of QQ-

plot. Furthermore, the different setups showed different peak values in the summer months, BR90 matched observations in
June, while GBR90 and EXTR showed the maximum in July. Finally, in autumn, none of the setups provided satisfactory
results, namely both over- and underestimations, especially in September and October. Again, based on the meteorological

datasets, the variability of the model performance is visible only in the summer months.

For the Hetzdorf deciduous broadleaf forest, typical values of winter and summer evaporation are 0-1 mm and 3-5 mm (with
maximum around 8.5 mm), respectively. All model setups showed small amounts of evaporation in winter with a low
biasBIAS, but also low correlation. The main leaf development period (March-May) was represented well by GBR90, with a
2-3 weeks’ time lag in April for EXTR and BR90. In the summer months (mostly in June and July) GBR90 and EXTR
underestimated evaporation by 10 %, while ‘expert knowledge’ BR90 gave positive BIAS. It can be noticed on the monthly
plots that as the forest keeps developing and growing intensively within the last 10 years, higher evaporation rates were
observed from year to year. At the same time due to model parameter stationarity, BR90 shows closer to the observed
evaporation values only in the last two years. The annual mean monthly peak (July) and leaf fall were well captured by all

models. Here the variance errors-ratio reach mintmum-the closest to the optimum values in comparison to all the other sites.

Only for the summer months, a rather small difference of about 10 mm per month between the meteorological forces could be

captured.

In the evergreen coniferous forest of Tharandt, daily evaporation usually yields 0-0.3 mm in winter and 2-3 mm in summer
(with maximum around 7 mm). All setups except CBR90 demonstrated a high BIAS for the seasons (15-20 mm per month),
which is larger in winter, where daily peaks are sometimes as high as summer maximums. Moreover, the inter-annual
variability appears to be highly overestimated as well. Like for the grassland, the model calibration reduced the mean error to
optimum values, but the problem of daily peaks in winter remained unsolved. In contrast to the other sites, a noticeable
difference between forcings can be observed (up to 10 % in the summer months) with the in-situ measurements delivering the

highest evaporation amount.

The evergreen coniferous forest of Oberbaerenburg -normally has evaporation rates of 0-0.3 mm in winter and 2-3 mm in
summer (with maximum around 8 mm). Evaporation here is 5-10% higher in the growing season than at the Tharandt site.
Still, most of the setups (except in spring and CBR90) showed a positive BIAS, which is higher in winter and July. Similar to
Tharandt, winter daily peaks sometimes exceeded summer extremes. Here, even the calibrated model did not demonstrate a
good agreement in general and did not remove winter overestimations. Oberbaerenburg was the only site where the well-

known European drought of 2018 is clearly visible on a monthly scale. The data shows around 30 % less evaporation in
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383 depict this effect properly. Finally, the spread between meteorological datasets here is not as broad as for the Tharandt site.
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summer months due to depletion of the soil water and overall precipitation deficit. However, most of the model setups did not
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Figure 3. Observed and modelled monthly evaporation values for all setups.
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Figure 4. Observed and modelled monthly mean evaporation values for all setups.

In Fig. 5, the daily KGE values are shown, while the monthly results and other criteria (NSE, MAE) are presented in Appendix
E. Based on KGE values, a good agreement was found between all model setups and observations for all the sites (Fig. 5). The
best agreement showed the combination “CBR90 + station data” (from 0.72 in Oberbaerenburg to 0.91 in Grillenburg) and the
worst “GBR90 + hourly ERA5” (from 0.36 in Grillenburg to 0.71 in Hetzdorf). On the monthly scale, all setups demonstrated
higher performance, which is approximately 5 % better than on the daily scale. The Geedress-goodness-ef-of-fit in the
vegetation period was better and very similar to the whole year, while the performance -in winter time for all setups perfermed
net-so-welwas lower, resulting sometimes in negative KGE values (down to -0.6). Here BR90 and EXTR showed distinethy
worsepoor euteomes-agreement with the observations in the fields (Grillenburg and Klingenberg) and in the deciduous forest

(Hetzdorf) respectively.

With a few exceptions, the best performance among the meteorological datasets was achieved for the station data and daily
ERADS. On average_for all the five sites, in terms of KGE values, the spreads in the meteorological forcings yielded_0.09 6-%
(maximum of 0.17 showed BR90 for Grillenburg), while scattering in the parameterization schemes was much higher and

yielded 0.25 (with the maximum of 0.54 6:5-for Grillenburg_and in-situ meteo data).

Finally, KGE spreads calculated for each combination from a resampled time-series are generally small. On the annual scale
and for the vegetation period, higher uncertainties of obtained KGE values were found in Grillenburg, Klingenberg and
Hetzdorf (10-15 % on average); while in Tharandt and Oberbaerenburg KGE deviations were low (around 5 %). For the winter
months, the spread possessed the same behaviour, but resulted in much higher values (up to 100%). Among all the frameworks,
GBR90 was associated with the largest uncertainty on the annual scale in almost all the cases, while it had the smallest spread
in the winter, where uncertainty of EXTR and BR90 dominated.
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407 NSE values are in general similar to KGE, but slightly smaller, which range from -0.05 for GBR90 in Grillenburg and
408 Oberbaerenburg to 0.88 for CBR90 with station data. Mean average errors vary from 0.39 up to 0.98 mm*day* with the highest
409 values in evergreen forests for GBR90 and the lowest in Grillenburg for CBR90.

410 The hourly-resolved ERA5 data did not produce better results, showing the worst performance on the annual scale in most

411  cases.
Grilenburg Kiingenberg Hetzdort Tharandt Oberbaerenburg
» S .
5 087 A ||| A Y 1
£ A {i : f / 4 y"’{‘
w 087 A i e || et
9] 7 pErE !
X 044 }i-
S ¥ b o © w o © © ¥ o o © x o o & ;g o o
Q u o ) w o (5] u 5] 2 u o [T] w o
Grillenburg Klingenberg Hetzdorf [ Tharandt Oberbaerenburg
]
0.8+
e ./ ] H"'HLH* ”I a o
Z 0sd e W p—— r_.h+_+,p A
5} Hl t e A '
X 044 - ¥
I
E E P = B 2o = =2k =R = kE=° op8 =
o v 6 a v 5 o ¢ s o v 6 o v S
Grillenburg Kiingenberg Hetzdorf Tharandt Oberbaerenburg
0.5 ]
'S " P -y
= I Fi i 3
Z oo ﬂ\'; / =y 7 Z "
T ey =
W § = =
8 . f \P ==y ||
2 o
1.04
m w m i) @ w @ o @ w (] @ M w 1] m m i @ [+
(U] Q0 [0} ) [0} o (U] (&} [} o
ERAS hourly — ERAS —— RaKiDa -— Station
412
413 Figure 5. KGE values for daily evaporation: whole year, vegetation and winter periods. Vertical lines for each cross-combination
414 refer to bootstrapped KGEs.

415 The major advantage of the KGE criteria is the possibility to obtain a deeper understanding of model ureertainty-performance
416 through its decomposition. A closer look at the KGE components (Fig. 6) reveals that correlation coefficients for the fields
417  (Grillenburg and Klingenberg) and deciduous forest (Hetzdorf) are relatively high for all model setups (0.75-0.95), and the
418 main problems occur in underestimation of the mean (0.7-0.8) and variability ratios (0.55-0.7) (except for BR90 in Hetzdorf).
419 In general, there are only small fluctuations between model forcings for these three sites. In evergreen forests, on the other
420 hand, the correlation showed much higher spread among both parameterizations and meteorological datasets (0.4-0.75).
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421  Furthermore, bias-BIAS and variability ratios are, en-possess on the other side, everestimated-significant positive deviations
422  from the optimal values (except variability in Oberbaerenburg), especially in Tharandt (up to 1.6). Overall, ERA5 and station
423 data perform better than others in most of the cases do. The hourly ERAS5 forcing did not preduce-show a noticeable difference
424 in evaporation bias-BIAS or variability, but reduced correlation in the forests (by 5-15 %). Finally, it could be noticed that in
425 comparison to the other setups, CBR90 bring bias-BIAS and variance ratio almost to one, but did not improve correlation for
426  all the sites (i.e. Hetzdorf).
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427
428 Figure 6. Decomposition of KGE for daily evaporation for the whole year: correlation, BIAS and variance ratio
429 43.2: Evaporation components
430 The 40-60 % partitioning between total flow and evaporation components in global terrestrial water balance (Miiller Schmied
431 et al., 2016) also applies to the BROOKO90 point simulations. With a variation in mean annual precipitation from 877 mm
432  (Klingenberg) to 1141 mm (Oberbaerenburg), measured mean annual evaporation varies from 476 mm (Tharandt) up to 625
433  (Hetzdorf) mm. This leads to measured E-P ratios of 0.41 to 0.65, with the lowest values observed in old spruce forest and the
434 highest in grassland and growing deciduous forest. Here, both the global and regional frameworks showed an overestimation
435  of the ratio for the evergreen forests (Tharandt and Oberbaerenburg) and an underestimation for the fields (Grillenburg and
436  Klingenberg) (could be found in Supplementary).
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sSummarized the-annual evaporation components (averaged from all tested model setups) are presented on {Fig. 7}-efaH-tested
modelsetups. According to this figure, transpiration in fields and deciduous forest yields 68-73 %, and evergreen forest

transpires about 58-59 %. In Tharandt and Oberbaerenburg 31-35 % of precipitation goes to interception (mainly rain,
interception of snow is less than 2 %). In Grillenburg, Klingenberg and Hetzdorf evaporation of the intercepted precipitation
is lower and yields 14-23 %. Soil evaporation on the other side, is higher in the fields (11-15 %) and lower in forests (4-8 %).
Evaporation from snow is less than 2 % at all sites. The vegetation period spans 8 months in total and accounts for most of the
annual evaporation (85-95 %). Thus, the distribution of components is generally consistent with a slightly higher contribution

from transpiration. In winter, evaporation consists mainly of interception in forests and soil or snow evaporation of the fields.

Year Vagetation period Winter period
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Figure 7. Mean annual and seasonal evaporation components averaged over all model setups. The numbers inside pie charts refer

to the mean evaporation sums per year or season.

To get more insights on the possible setups’ differences regarding the evaporation partitioning, we show “natural” model
parameterization and forcing combinations (Fig. 8). Only minor differences were observed in evergreen coniferous forests.
This mainly concerns intercepted rain. GBR90 with hourly ERAS5 shows the largest amount (40-68 %) and CBR90 with station
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data reduces interception up to 15-30 %, which is especially noticeable in Oberbaerenburg. At the other three sites, seasonality
plays a bigger role in the redistribution of evaporation components. Indeed, in the fields, almost no interception was modelled
in EXTR using RaKliDa and BR90 with station data in winter and early spring, and all evaporation in these months consists
of snow and soil evaporation. Furthermore, the transpiration is dominant in summer and autumn times with sharper edges due
to crop and grass cutting. In general, EXTR delivers more soil evaporation than other model setups, while GBR90 produces
more rain interception. Slightly smoothened but similar results could be observed in the deciduous forest of Hetzdorf. Since
the actual distribution of the components is unknown, we can only assume that CBR with in-situ meteorological data indicates
conditions that are the closest to reality. Considering this, we can rank the goodness of the framework in the evaporation
representation in the following order (best to worst by similarity to CBR90): BR90, EXTR, GBR90, which seems indeed
logical.

20



463
464

465

466
467
468

Grillenburg

GBROD » ERAS hourly EXTR + RAKLIDA BROD » measuraments CHRS0 + measurements

e ™ a
€ o1 ™ 20
5 ™ 10
g we w0 M
2 w0l ® w
E o] © ©
£l n ©
B .

N -
FEFAST PRI FEt e I AF S FEF AT P AP

Klingenberg
GaRa0 + ERAS houty EXTR + RAKLIOA BRB0 + massurements CBRE0 + measusements
e 1 20 10
Eu 0 o
§ 80 o a0
E w 60 80
g w © w0
Ex 0 »
o .

FRAEPF FASLEE FEPEAFIIARAEF SIS RARTEE SRS S ARSI

Hetzdorf
GBRIO + ERAS hourty EXTR + RAKLIDA BREO + messurements 'CBREO0 + measuraments.
T ] 120 -
E - w0 -
g ] w o
=@ a1 & ®
R awl w0 %
E 0 204 0 20
&
o o

PRMIRERTIINT IR IIRARIEN SRR IR P RTINS IR R AR NI

Tharandt
GBRO0 + ERAS hourty. EXTR + RAKLIDA BRO0 + measurements. CBRE0 + measurements.

e 100 100
i & @
= s a
g

2 w w0
w

o o

o o
Pt DAL FEP AP PRELE PGS PRPS S FPESEFT AP

Oberbaerenburg
GBRO + ERAS hourly EXTR + RAKLIDA BRYO +
100 00 o0 100]
g » -
£ a “w anq
g
E 20 20 20 01
H

o

o o o
FEP AT PAPLE S FEP R SASS FEP AP PAFL IS FEP RN SASS

[SSSUP " —————

[~ Phomnion — Peantvmisnl Ll

Figure 8. Modelled mean monthly evaporation components.

3.3 Grass-reference evaporation: comparison of BROOK90 and FAO model with measurements

The Cresults of emparisen-the FAO “potential” and BROOK90 ““actual” grass-reference evaporation output isare presented in
Figure. 9.For-that To simulate a BROOK90--based grass-reference evaepporation, inthe BROOKI0-medel-the original site-

specific vegetation parameters were replaced withby “grassland” enesparameters fromassumed at _the Grillenburg manual
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parameterization-sehemesite in the model. StationThe meteorological input data was-considered-forboth-appreachesremained
site specific for both approaches.

The FAO estimations of the field sites {Grillenburg and Klingenberg) showed a good fit with the observed data. ;

exceptDeviations are observed as a time lag of oneX month ein-the autumn time-and minor overestimations of evaporation in
winter time (5-10 mm per month). While-the- BROOK90 simulations possess a neticeblenoticeable time lag of a 2-3 weeks in
the spring periods-and. Also visibleds-an up to 20 % underestimatedion-the of evaporation in spring and summer monthsup-to
20-% is visible.:

Minor variances of around 10 mm per month between FAO and measured evaporation eeuld-be-seenare observed in the

desidueusdeciduous forest of Hetzdorf.; Nramely there is a small overestimation in the spring period and an underestimation

in summer months. The A“actual” grass-reference evaporation from BROOK90-sirmutations, on the other hand was mainly
lower thenthan the eddy-covariance measurements for all months, except for April and May.

In evergreen forests the FAO approach depicted considerably higher potential grass-reference evaporation than it was observed
theeugheutthroughout the whole year. These high evaporation estimates of up to 30-40 % (July) are —but-espeeiathyvery high
in summer months-{up-to-30-40-%-in-July). BROOKOO did not show such high systematic deviations from the observations in
Tharadt {except thefor a peak in May}..w While in Oberbaerenburg the simulated evaporation was systematically lower for
all months (and especially in summer time).

Grillenburg Klingenberg Hetzdorf Tharandt Oberbaerenburg
120 120 120 120 120
E 100 100 1004 100 100
w80 80 N 80 a0 80
E 60 60 60 &0 - 60
0 w0 201 \ o a0
= 20 20 204 \ 20 20
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’ ] o+
FEP o FRALS S F O W PR RS P T RBLE S F B s P RO F P NP L

— Measwed ~ — FAOgrassteference  —— BROOKS0 grass-reference (Grilenburg)

Eigure 9. Observed and modelled monthly mean grass-reference evaporation.

5-4 Discussion

54.1: Role of the framework’s spatial scale in parameterization and forcing

The comparison of GBR, EXTR and BRI0 framewerksframeworks showed how the-medel-is-sensible BROOK90 is to the
spatial scale of the setup with regard to evaporation. Moreover, eoupled-with-the fact that CBR90 showed significantly higher
performance skiill scores than the other setups for almost all the sites, it—was—indirecthy—confirmeds indirectly that the
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medelBROOKOI0 is more sensible to the scale of parameterization scheme rather than to the scale meteorological forcing.

However, these conclusions need to be backed up with the assumption that both meteorological data and parameters used for
each spatial scale come from state-of-the-art sources. Thus, they are both representative and possess the best quality (currently)
for global, regional and local scales respectively.

The Aanalysis of the parameters used in the study and their ranges revealed which groups of them demenstratedpossess the

most noticeable influence on the accuracy of evaporation simulations and are at the same time affected by the scale of the
model setup (Appendix C, Table C1).

At first, the plant leave’s parameters must be highlighted, namely albedo, LAI and height, interception storages. Surface

reflectivity with and without snow regulate the net radiation and thus directly affects potential evaporation. The values

generally have a wide range 0.1-0.3 for vegetation and 0.2-0.9 for snow and their estimations are subject of high uncertainties
(Alessandri et al., 2020; Myhre and Myhre, 2003; Page, 2003; Park and Park, 2016; Wang et al., 2017). For GBR90 and EXTR
respectivelyHere, -theyalbedo wasere assigned by values taken fromwith global and regional studies-for GBR90-anrdEXTR
respeetively, while for BRI0 measured values were used. Maximum LAl and its seasonal cycle are prepablyprobably the most
sentiblesensible and uncertain parameters in the model regardless of the vegetation type, while plant height and its seasonality
plays a greater role and is more uncertain for the short-{grass-and-eropland), rather than in tall {ferest)-canopies. These two
parameters often control the biggestlargest portion of potential evaporation {controlling transpiration and interception }-as well
as its partitioning (Hoek van Dijke et al., 2020; Wegehenkel and Gerke, 2013; Yan et al., 2012). HereOn the global scale
washoth parameters are derived by-represented-with remote sensing estimates, while on the regional and local scaleuse fixed

values from regional studies and expert knowledge were taken.-which Therefore. at these scales the simulations apparently

showed better results for the case-study. The interception storage and intercepted precipitation fraction are the key parameters

for the correct estimation of interception amount (Wu et al., 2019). They are all plant-, season- and age-dependent, and possess
a high variability, which makes its very challenging to generalize their values for the vegetation classes (Federer and Douglas

1983; Leaf and Brink, 1973; Pypker et al., 2005; Yang et al., 2019). In all frameworks they are set up as default or with expert

knowledge. Nevertheless, only due to these paremetersparameters, the interception uncertainty could be as high as + 20 mm

per month, especially in forests.

The Ssecond group denotes to soil parameters. The Ssoil structure, profile depth and eeareecoarse fragment’s fraction directly

determine the maximum water stetagestorage capacity for thea site. Here, the parameter scale plays a crucial role, since, the

quality of available datasets decreases drastically from a local to a global scale due to searsityscarcity of soil profile data and

very high heterogeneity of soils (Hengl et al., 2017){REF). Soil hydraulic properties certainly undeupfutty-have a big influence

on the water retention and holding capacity, controlling water sypphysupply for the actual soil evaporation and transpiration
(Carminati and Javaux, 2020; Lehmann et al., 2018; Verhoef and Egea, 2014). However, the scale uncertainty due to this
parameter group is difficult to assess, since these parameters are assigned indirectly based on sand, silt and clay content for
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each layer and fixed parameter set. Thus, the problem is narrowed to correct identification of the soil texture, which is still a

very challenging task even for a regional scale (Hengl et al., 2017).

Significant difference in the model performance due to different meteorological input datasets was not evident for all setups

and sites (ep—bootstrapped values on Fig. 5). Here, the spatial scale did not follow the main hypothesis, as the global dataset

ERAS was not the worst and in many cases outperformed in-situ meteorological data. It would appear, that the RaKliDa dataset

with its 1 km spatial resolution could fit the eddy-covariance footprint at least as good as station data, however, it sometimes

demonstrated the worst performance or close to hourly ERAS5. This outcome contradicts with the generally aceepedaccepted

application of reginalregional meteorological forcings to simulate evaporation in high resolution (Martens et al., 2018; Rudd

and Kay, 2015; Wang et al., 2015; Zink et al., 2017). However, probably due to location peculiarities of the study sites, and

good agreement of the global reanalysis with station data, regiratregional dataset did not show a competitive performance.
Namely, ERA5 showed slightly better precipitation BIAS values, than RaKliDa (Table: 3). Moreover, RaKliDa exhibits a
systematic underestimation of the global radiation, especially in the summer months (Appendix A).

54.2- Challenges +a-in the model process representation

Although BROOKO90 has a fairhy-geeddecent physically-based deseription-representation of the evaporation process, it shows
some limitations as well. At first, BROOKOO0 treats the vegetation as a single layer (big-leaf). Thus, the complexity of canopy

vertical structure is omitted, which can be insignificant for simple ecesystensecosystems like meadows or cropland, but

eanmight play a big role in multi-layered vegetationsvegetation (Bonan et al., 2021; Luo et al., 2018; Raupach and Finnigan,

1988). For example, the lack of undergrowth representation could have a-significant—n effect on the evaporation

underestimation in forests with a dense floor like Hetzdorf. Additionally, there is no allowance for non-green leaves, which

intercept precipitation and radiation, but in the meantime do not transpire. This process can play a role in deciduous forests
like Hetzdorf in autumn and winter, as they generate too much transpiration._Furthermore, since the phenomenon of ground
frost is not considered, soil evaporation is not limited on these days, which could lead to a-substantialn overestimation in
winter. As canopy parameters are assumed constants, phenology or growth (e.g. crop rotation in Klingenberg and continuous
forest growth in Hetzdorf) as well as drought affecting LAI (reduction due to prolonged water stress) are not considered in the
model. Snowpack energy and evaporation modules suffer from overestimations in tall canopies, thus an arbitrary reduction
factor is applied. Finally, albedo does not depend on solar elevation_angle, canopy structure, or snow age. These limitations

alone could have a substantial influence on total evaporation and its timing.

In addition, the PM equation uses vapour pressure deficit and net energy as the main factors to calculate potential evaporation.
The first variable is derived directly from the daily input temperature and available vapour pressure using the Magnus equation
and does not vary much between different methods (Lide, 2005). For net energy, the situation is different. The shortwave
radiation is an input and its net value is controlled by the rather vague albedo, while the longwave radiation is estimated

internally using the effective emissivity of the clear sky. Under these assumptions, the potential discrepancyuneertainty
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between different formulas can be as high as 20-30 W*m2. After obtaining a persistent positive BIAS for evaporation in the
forests, we checked the energy balance of the model with in-situ measurements (Fig. 910). In fact, minor differences were
found for all input datasets. In the summer period, minor overestimation was found for ERAS5 and station data in Grillenburg,
Klingenberg and Tharandt, and underestimates for RaKliDa in Hetzdorf and Tharandt. In winter (especially in December and
January), large relative underestimation was discovered in Grillenburg, Hetzdorf and Oberbaerenburg. Therefore, with a
negative amount of energy, BROOK0 still showed higher monthly evaporation than measured. Specifically, according to Fig.
8, 90 % of the actual evaporation in forests in winter consists of interception, and normally there is no absence of precipitation
input during this period. Because of the peculiarities of the PM approach, positive potential evaporation can be estimated with
negative net energy, positive vapour pressure deficit, and low estimated atmospheric and canopy resistances. Thus, as long as
vapour pressure deficit exists, the evaporation flux tries to fill the gradient.

Grillenburg Klingenberg Hetzdorf Tharandt Oberbaerenburg
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Figure 910. Observed and modelled monthly mean net energy on canopy and ground level.

Finally, as it was found, Fthe hourly-resolved ERAS5-input precipitation data did not produce better results, showing the worst
performance_(hourly ERAS data) on the annual scale in most cases. Fhere-are-few-possible-explanations-for-that-Atfirstdue
to-the-sherteemingsThis brings up the question of reliability of the subdaily calculations in BROOK90 interception module,
which i.e. omits diurnal cycle of potential evaporation and consistently produce too much interception if hourly precipitation

input is used (Federer, 2002). FurthermereHowever, it could be also the quality of subdaily precipitation distribution in the
ERAS data for the study region, is-questionable-since on daily, monthly and annual scales ERA5 did not show a significant
difference with the station data, which could account for that high differences in daily and hourly performance.

54.3: Reliability of eddy-covariance measurements

Reliability of the evaporation measurementas ustrgwith eddy-covariance technique themselves is a widely discussed question.

Standard methods of the “energy-balance-closure” corrections (Wilson et al., 2002; Richardson et al., 2012) does not always

lead to necessary BIAS adjustment (Foken, 2008; Imukova et al., 2016). Therefore, Elargest systematic deviations between

observed and modelled evaporation, which could be discussed in the context of inaccuracy of the measurements, were
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discovered in the evergreen forests in winter, in grassland in summer and in pasture in growing season. Analysis of the
evaporation components and comparison of the FAO with the BROOKO90 grass-reference evaporation helped to reveitreveal

some discrepancies in the eddy-eevarialeecovariance measurements.

—The time lag during the growing and harvesting periods for
Klingenberg could be explained with permanent crop rotation and inability of FAO and BROOK90 models to cope with non-
stationarity in vegetation parameters. Overestimation in winter for the FAO method for both sites could be a result of
simplifications of FAO-modified PM equation against SW approach in BROOK90 (i.e. neglecting the soil water holding
capacity). According to the continuous long-term measurements of grass height in Grillenburg, regular grass cutting is
performed in June-July. This in general should lead to evaporation decline, which can be seen clearly on Fig. 4 for monthly
evaporation of BR90. However, this effect was not found in the measurements (even on a daily scale). Moreover, mean
evaporation usually shows maximum annual values in July. Besides possible systematic measurement errors, this could be
explained either by an underestimation of the real site footprint-er-by-permanent. Another explanation is near-saturation
conditions of the soils. Thus, almost unlimited water supply and perturbation of the evaporation components after grass cutting
(drastic increase of soil evaporation). Nevertheless, while calibrating the model, it was realized that it is impossible to increase
soil evaporation by almost 30 mm during the summer months and stay within the physically meaningful boundaries for soil
parameters for the given soil profile. The findlingsfindings are eensistantconsistent with other studies, where latent heat fluxes

were systematically over- and underestimated depending on season in in short canopies (Moorhead et al., 2019; Perez-Priego

etal., 2017; Twine et al., 2000).

FAO approach showed 10-20

mm_evaporation in the winter months, while BROOKO0 resulted in 3-5 mm (consisting only of soil and snow evaporation).

At the same time, all model setups showed 20-30 mm of evaporation per month in winter (which is more than 80 % consists
of intercepted precipitation), while only 5-10 mm is observed. Thus, it is possible that the interception is generally
underestimated by eddy-covariance measurements in the forests. Moreover, while the calibration in Tharandt helped to adjust
the simulated evaporation in winter months as well (primarily by increasing the winter albedo), in Oberbaerenburg even a
relatively wide parameters’ range was not sufficient. Here, the large variations between two approaches emphasize the
importance of the soil and in a regulation of the evaporation, since different soil types appear at the grassland and evergreen
forest sites (gleysols and podzols respectively)._As few researchers pointed out, that the reliability of eddy-covariance data

within the rainy days and when the interception dominates is indeed questionable (Dijk et al., 2015; Wilson et al., 2001).
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In addition, previous analysis of eddy-covariance data for some of the study sites showed, that the possible under and
overestimations in measurements could be as large as + 8-11 % for Tharandt, + 29-36 % for Grillenburg and + 28-44 % for
Klingenberg (Spank et al., 2013).

Therefore, in addition to reliability of the mean net energy and precipitation (Sect. 5-+-and-5:22.4 and 4.2), it is possible that
the quality of the eddy-covariance data is questionable due to at least systematic underestimation of interception and non-
representative footprint.

Conclusion and outlook

This study presents the qualitative analysis and discussion of the BROOK90 model scale uncertainties with regard to

evaporation simulations. We tried to answer the question how the model setup scale irflueneeinfluences the performance and

whether the model is more sensitive to the parameter set or to the meteorological input. ¥We-For this, used-three frameworks
(Global BROOK90, EXTRUSO and BROOK90 with manual parameterization) and three forcing datasets (ERA5, RaKliDa,
in-situ measurements) were used, representing the global, regional and local scale, respectively. We made cross-combinations

of them and model evaporation components for five locations in Saxony, Germany, covered by long-term eddy-covariance
measurements: grassland (Grillenburg), cropland (Klingenberg), deciduous broadleaf forest (Hetzdorf) and two evergreen
needleleaf forests (Tharandt, Oberbaerenburg).

Our results indicated that all setups perform well even on a daily scale, with KGE values ranging from 0.35-0.80. KGE
decomposition demonstrated that with high correlation coefficients in grassland, cropland and deciduous forest performance
was affected here mainly by BIAS and variance ratios, whereas in evergreen forest all three components varied greatly. The
highest and lowest values among all setups were achieved by the same combination of Global BROOK90 and ERA5 in
Hetzdorf and Grillenburg respectively. Calibration of the model helped-to-increased KGE significantly, especially for
Grillenburg and Tharandt. In Fthe vegetation period where-when 90-95 % of the total annual evaporation is-was observed,
showed-the agreement with the observations iswas- much higher agreement-with-the-ebservations-than in the winter period.

The main finding of the study is that-ferall-tested-setups;that the spread in model performances is four times higher due to the

parameterisation datasets gave—us-approximately-forefourtimes-higher-spread-in-medelperformance—thancompared to the

meteorological forcings based on the tested setups
deciduous-forestforall-sites —While- Furthermore, while the spread of model performanceseifference-in due to parameter sets

mattered throughout the year, the difference-spread due into the meteorological datasets was evident only in summer months.

Anabysis-of the-The breakdown of evaporation components revealed that in the vegetation period transpiration yields up to 65-
75 % of total evaporation, while in the winter menthsmonths’ interception (in forests) and soil/snow evaporation (in fields)
play a major role. Moreover, different-the studied parameter sets showed substantial differences in the redistribution of
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evaporation components. Finally, the discussion-results raised the-questions ef-about meteorological data quality, limitations

of the model and the reliability of the eddy-covariance measurements as medelevaporation benchmark data. Finally our results

suggested that the ERAS dataset works as a meteorological forcing of choice even for a local scale.-
In the outlook, we would like to suggest possible future directions on this topic:

e expand the number of study sites with other FLUXNET towers
e run similar analysis for other physically-based models
e analyse model uncertainty by incorporating runoff and soil moisture in the analysis

e apply and validate different methods to breakdown eddy-covariance data in components
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648 Appendix A. Comparison of BROOK90 meteorological input data (ERA5, RaKliDa and station measurements)
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Figure A1 Monthly daily mean meteorological variables
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Figure A2 Daily values of meteorological variables for 2020
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654  Appendix B. Skill-scores OTdopmaTUpOBaHO: aHrniickuii (CoeamHeHHoe
KoponeBscTso)
Name, Range, Opt':‘num Formula, OTcdopmMaTupoBaHo: aHrmickuii (CoeanHeHHoe
valte KoporneBscTso)
Mean Absolute [0, +o0], 0 MAE= Yten |Ef — Eg) OTcdopmMaTMpoBaHo: aHrniickuii (CoeamHeHHoe
Error (MAE), B T KopornescTso)
where E£, and E¢ are the modelled and observed evaporation values (in OThOpPMaTUPOBaHO: aHIMMIiCKMI (CoeaMHEHHOE
mm) at time ¢, and T is the overall length of time-series, KoponeBcTso)
- OTcdopMaTMpOBaHO: aHrniickuii (CoeamHeHHoe
Nash-Sutcliffe [-oo, 1], N T (Eh — Eb)? Kog;ngscrao)p ¢
. NSE=1—-——F 7"
Efficiency (NSE) T (E5 —E,)? P
=1 OTtcdopmMaTupoBaHo: aHrmickuii (CoeanHeHHoe
A(Nash and where E‘ and E¢ are the modelled and observed evaporatlon values (in KoponescTso)
Sutcliffe, 1970), mm) OT¢hopMaTPOBaHO: aHrMicKNi (CoeanHeHHoe
i KoponescTBo)
K mg—Gupta [, 1L L OTdop p : aHrnickuii (CoepmHeHHoe
Efficiency (KGE) ) ) o Koponescmo)
(Guptaetal., where 7 is the Pearson correlation coefficient between the modelled and o ro—yr=
2009), observed evaporation, « is the ratio between the simulated and observed K;:;z:::r;g)p 0BaHO: aHTMiACKwiA (Coeamrentoe
evaporation variability, S is the ratio between the mean simulated and \ ——
. \ OTtcdopmaTuposaHo: aHraminckuii (CoeanHeHHoe
mean observed evaporation:, Koponescrso)
1.1 1 _cov(BmBa) _ SLi(Bh = E)(ES — ) ||| Ko nons uamenen
- - T T T = \ OTdopMaTMpOBaHO: aHrniickuii (CoeamHeHHoe
Ol I (B —En)? T (Be—EA | | Rbopware (Coen
[o0, +o0,], 1 aHrnuiickui (CoepmHeHHoe
=—————— \ KoponescTso)
VT (Ef —E,)? \ ——
t=1t~o 0/ a \ OTdopMaTMpOBaHO: aHrniickuii (CoeamHeHHoe
— \ Koponesctso)
R g Em

Otchop P
Koponescrao)

T
[xs]
o

>

: aHrnuickuit (CoeanHeHHoe
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KSNVP, 0.05 and 1 to reduce snow - 1 03 1 OTdopMaTnpoBaHO

evaporation,

OtcdopmaTupoBaHo

LATD, latitude, degrees 50.95
LWIDTH, average leaf width
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o
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=
o
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=
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656 Appendix C. BROOKI6-BROOKI0 mainealibration -parameters and calibration results
- - I [ OtdopmMaTupoBaHoO
657 Table C1 Main site-specific parameters (topography, coil and land cover related) used in tested BROOK90 frameworks*. [0T¢°PMaTMPOBaH°
658 Grillenburg [OTd)OpMaTHpOBaHO [ j
Parameter { OTdopmaTupoBaHo
abbreviatio Physical meaning, Unit, GBR90 | EXTR BR90 CBR90 / { ordop P 3
albedo or surface reflectivity /
ALB, | T Without SOW. a 0.2 0.18 0.24 [ OT¢opmaTHpoBaHo
ALBsN, | 2lbedoor s%?‘ace reflectivity . 045 05 0.44 [ OrdopmMaTuposaHo [ﬂ
with snow; - == —=
ASPECTD, | & ect, df rees th'r:)u h east deqree 180 9 251 [ OtdopmMaTpoBaHo
fromnorth, |~ | [ﬂ
BEXP, exponent for - relation 4 5.39 53 % OtdopmaTuposano
maximum interception OTcdopmaTupoBaHo
CINTR —storage of rain per unit LA mm 815 006 02 0.10 { ord
maximum interception TPop P
CINTR! e m 0.15 0.0 0.2 0.2
CINTRS, | storage of rain per unit SA}, |10 — \ [ OrdopMaTHpoBaHO [ﬂ
maximum interception \
CINTSL, —storage of snow-per unit LA nm — 078 \ [OTd)OpMaTVIPOBaHO ﬁ
maximum interception [ﬂ
CINTSS, | storage of snow-per unit SAk mm [ OropmaTuposaHo
extinction coefficient for [ OTtcgopmaTnposaHo
CR photosynthetically-active 2
radiation in the canopy, [ Otdop p [ﬂ
vapor pressure deficit at OtdopmaTuposaHo
CVPD, which $F9';'f'ﬁ;]ta|| conductance kPg, %0 Popi P
is halved, Thop P
- =
Cs, tatio of projected SAl to Of,_,r,f, ﬁ%ef SAlto - 0.1 [ OtdopmaTupoBaHo [ﬂ
- “,
ESLOPED, | msrlerprVeﬂfc;)gv;gﬁc)\;r:ﬂr;s“plratlon degrees 0 1 \ %OTQ)OpMaTMpOBaHO
i “on oF Tl Oord
intercepted fraction of rain \ PoP L
FRINTL, : - 0.06 0.1 0.06 0.08 i\
: per unit LA - — i \ [ OTdopmMaTMpoBaHO [ﬂ
FRINTS intercepted fraction of rain 0.06 0.1 0.06
per-unit SAL = — 015 == [ OTcdopMaTpoBaHo (- i
- :
FSINTL, intercepted fraction of snow tzegnai?;_o ,T ,Of snow - 0.04 [ OTtdopmMaTuposaHo
ESINTS, intercepted fraction of snow . 0.04 { OTdopmaTupoBaHo [ﬂ
per unit SAL = ==
fraction of plant resistance [o' T L (... j
EXYLEM, hat s in the xyl - 0
hatis in the xylem, [OT¢opmamposano
GLMAXC, | maximum leaf conductance, cm/s 0.8 0.53, [ 1.50 I 1.47
GLMINC, minimum leaf conductance, cm/s 0.03 0.0, | 0.03 [ OTchopMaTUpOBaHO
fraction of the soil surface [ﬂ
IMPERV. that is impermeable and ) 001 0 [ Ordpopmaruposato
- *—|-always routes water reaching - = [Gu.,. p p
it directly to streamflow,
hydraulic conductivity at [c"" P L (. j
field capacity corresponding OTdhopMaTUPOBAHO ﬁ
K& | ‘o THETAF andPSIF fora | M4 8.3 3l {Ordbopmarup
soil layer, [OTq:opMaTuposaHo [ j
reduction factor between [ ﬁ

OTtcdopmMmaTMpoBaHO



[ OrdopmaTnposaHo (.. }
maximum projected LAI for / [ OtdopmaTnpoBato (.. i
maximum projected LAl for

MAXLAL the vear m?/m’ 58 | 4 ! 5 5.9 [ OTcdopMaTMpoBaHo [ﬂ
mm [ﬂ

MXKPL, | maximum plant conductivity, | day* 8 7.3 [Orq)opma'mposauo

MPa’, [ OtdopmMaTupoBaHo

maximum length of fine 5 5 AN

MXRTLN, | oote et unit around ar . m/my 1000 ! 800 601 [OTd:opMaTuponaHo
NLAYER number of Z(;H layers to be R 7 5 : { OTcdopMaTMpoBaHo [ﬂ

ini | OTcpopmaTnpoBaHo

PSICR mlnlmummpLe;ntE;:eaf water MP. 2 25 | 2 19 { ¢op! P!

JECLCLELY I I [—3
matric potential at “field { Orchopmariposato
capacity" corresponding OtdopmMaTpoBaHo

PSIR, to KF and THETAF fora—|—KE2 £5 25 [ ovbopuarwp

soil layer, [ OTcdopmaTupoBaHo [ﬂ

1,0.1,80,0.1 1,0,16,80,02 [GL ' ﬁ
airs of day of the year and 1,0.03,120,0.03 1,0.1,1150.1 105,0.3,130,0.4 105,0,6,130,0,57 st Ll
RELHT, | 1 relative height between 0 2 210,1,330,0.03 145,1,268,1 160,1,170,0.15, 160,0.6.170 [G-.t pMaTup [ }
and 1 366.0.03 298,1,366,0.1 220,0.46,270,0.25 220,0,9,270,0.37 [ — [ﬂ
320,0.12,366,0.12, 320.0,28,366,0.10 OtcdopmaTnp
1.0.087,41,0.101 1,0.05,80,0.05 10,12.80,0,17, [qu,opMamposaHo )
airs of day of the vear and 82,0.223,122,0.836 1,0,115,0 105,0.15,130,0.5, 105,041,130,0,62 —
RELLA|, | Pairsotcayoltheyearanc N 163,1,203,0.983, 1451,268,1 160,1,170,02 60.1,170,0,60, (G--.- pMaTmup
| Felative Al between O and g 944.0.76.2840 571 208.0366.0 220,05,270,0.25, 20,270,045, (or 5
325,0.279,366,0.087 320,0.05,366,0.05, 320,0,15,366,0.06 s L
relative root density (per unit 188 813 188 ggg 100,0.44,100,0.25, [OTd)OpMaTMpOBaHO [ i
ROOTDEN, —)—s‘;’t;‘:g:gf "°r'§gt‘: f;f fineor | e | 100004100002, | 100014100008, | 4504 44100,0.25100,0.14,100,0.051000, | ( OrdopmaTuposaro
+— ng- -forgiven 100 R —
layer, 100 0'0%.&%0 0.0L | 4,04,100,0.02.100,0.01 OtdopmaTup ﬁ
N 0.10,0.10,0.11 [ OTcdopMaTUpOBaHO [ j
STONEF, | Stonevolume fraction in B 0.11,0.13.0.17, 001 —
each soil- layer 0.17 OtdopmaTup
volumetric water content at ( OrcdopmaTnpoBaHo
THETAF, ield capacity” m¥/m? 0324 0.365 [ﬂ
AHEAR L cofrespondin mimy 2963 =:909 ( OTdopMaTUpOBaHO
to KF and PSIF for soil layer, [ OTdopMaTHPOBaHO [ﬂ
THICK, layer thicknesses mm &M% 10201 20[\1000 [ ord ﬁ
—350,700:5 Y Ppop P
THSAT, THETA at saturation, m*/m? 0.451 0.485 ord [ﬂ
wetness at dry end of near- TPopMarhp
WETINF, | saturation range for a soil - 0.92 [ OTchopMaTUpOBaHO
layer,
Z0G, ground surface roughness, m 0.01 [ 0.02 it [ OtdopmMaTupoBaHo ( ﬂ
1t
{[ OTdopMaTUpOBaHO
Klingenberg !’ OtdopmaTHpoBaHo [ﬂ
| OTtcdopmaTnposaHo
am Physical meaning Unit GBR90 | EXTR BRY0 CBR90 | | Ordbopmarwp
slizas i ! 1 OrchopMaTHpoBaHO
ALB albedo or surface N 0.22 018 013 I
e |reflectivity without snow, A — — E— OTtcdopmaTnp
albedo or surface
ALBSN, | reflectivity with snow, 2 050 0.6 OTdopMaTnpoBaHo
aspect, degrees througn
ASPECTD. aspect, degrees through dearee 225 0 213 OTcdopMaTUpoBaHO [ﬂ
I E— east from-north | dearees, -
BEXP, exponent for y-0 relation, i 5.39 11.411.4,8.52,5.39 11.411.48.52,5.39 | OTdpopmaTup
maximum interception [ﬂ
CINTRL, | storage of rain per unit mmy 0.15 0.2 0.10 [ OtchopmaTupoBato
LAl [ OtcdopmaTupoBaHo
OtcdopmaTupoBaHo
OTcdopmaTMpoBaHO [ j
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{ OtdopmMaTpoBaHo [ j
_ _ § [ OtdopmMaTupoBaHoO
maximum interception
CINTRS, storage of rain per unit mm, 0.15 0.2 [ OTcdopMaTUpOBaHO [ ﬂ
SA|
SAL [ﬂ
maximum interception [ OropmaTuposaHo
CINTSL, | storage of snow per unit mm 0.6 08 [ OTtcdopmaTnpoBaHo [ﬂ
LAl
madmum inte interception [ Ordpop L
CINTSS, | storage of snow per unit mm 0.6 [ OtdhopmaTuposano [ﬂ
extinction coefficient for [ OTdopMaTUpOBaHO
CR, photosynthetically-active i 0.7 0.5 0.7 0.73 [ ord ﬁ
radiation in the canopy, TP r
vapor pressure deficit at [ OTdopmaTupoBaHo [ﬂ
which stomatal kPg 2 05
conductance is halved, [ OTdopMaTMpoBaHO
= -
cs | ratio of projected SAI to 0,035 01 [ OrdropMaTHpOBaHO [ﬂ
[ OTchopMaTUpOBaHO
ESLOPED, | 5 o 1 ((oreopmatup )
FRINTL mte;'ic: ted fricltl?\r: of . 0.06 | 0.1 [OT¢opmamposaHo [ﬂ
rain per unit LAL |
intercepted fraction of [ OTdopMaTMpoBaHO
FRINTS, : : - 0.06
rain-per unit SA, { ord [ﬂ
- = ¢op P
o, || Pl | oos [ o (oropna S
intercepted fraction of
ESINTS, oW ber unit SAI - 0.04 [ OtdopmMaTpoBaHo
fraction of plant [ OtcdopmaTupoBaHo [ﬂ
EXYLEM resistance that is in the - 0 [ ordh
xylem, T(op P
GLMAXC, maximum leaf cmils 11 13 15 [ OTchopMaTHpOBaHO ( ﬂ
e E— conductaneg — |
GLMING, mmﬁlg-lugna'lec:af cmis 0.03 005 ( OTdopmaTupoBaHo
fraction of the soil [o"" P P (o j
surface that is ( OrcdopmaTnpoBaHo [ﬂ
IMPERY, | impermeable and always = 0.01 0
routes water reaching it ( OTdopMaTpoBaHO
directly to streamflow,
hydraulic conductivity at ( Otdbop — (... j
field capacity [ OTdopmaTupoBaHo
KF, corresponding mm/d 6.3 4.343736.3 43437363
to THETAF and PSIF for (Gu.,. p! p [ﬂ
asoil layer [ OtcdopMaTMpoBaHo
reduction factor between
KSNVP, 0.05 and 1 to reduce - 1 [ OT¢dopmaTnposaHo (... j
snow evaporatior [ ord [ﬂ
LATD, latitude degrees 50.89 o P
LWIDTH, average leaf width, m 0.05 0.1, 0.025 [ 0.035 \ [ OTdopMaTUpPOBaHO [ﬂ
maximum canopy height
MAXHT, | T e year m 13 23 14 ( orgopmaruposano )
maximum [ OTdopMaTUPOBaHO
MAXLA| projected LAI for the m?/m? 52 4.7, 4 6
year, \ [ Otdop P
. mm
maimum plant | 1 | =)
MXKP maximum plant day? 3 7 \ ( OtcdopmaTupoBaHo
e conductivity,———|— VT \
i 1 h of fi — (G'-r P P
maximum length of fine
MXRTLN. | o5t po it ground are | 2% 10 w | a4 (orcpopmarup =
NLAYER, numberg;ic;: layers fo - 7 4 (OTq:opMaTuposaHo
[ OTdopmaTupoBaHo [ i
34 { OTdopmaTupoBaHo (.. }
{ OTdopmaTupoBaHo (... j
[ OTdopmaTupoBaHo (... j
[ OTdopmaTupoBaHo (... j
f OTtcdopmMmaTMpoBaHO (- i
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[ OtdopmMaTpoBaHo
_ e ’ [ Ot opmaTHpoBaHO
minimum plant leaf water
PSICR tentia MPg, 2 | 2.1 [ OtchopMaTHpOBaHO [ﬂ
T el o Tl ortopuamponso )
PSIF, | . t0 KF and THETAF for a_| kP2 85 771714785 1.7-1.1,-14.7-85 [G:.r o P [ﬂ
soil layer,
1,0.07,100,0.10, 1,0.03.100,0.13, [ Ordpop L
pairs of day of the year 1,0.03,120,0.03 1,0,100,0 130,0.57,160,1 130,0.52,160,1 \[ OrdopmaThp [ﬂ
RELHT, and relative height a 210,1,330,0.03 213,1.278.1 190,1,210,0.5 190,1,210,04.
between 0 and 1, 366,0.03 308,0.366,0 240,0.29,270,0.07, | 240,0,32,270,0,1 \ [ OTtdopmaTnposaHo
320,0.09,366,0.07, 320,0,1,366,0.1 {G [ﬂ
1.0.286,41,0.054 1,0.01,100,0.05 1,0.03.100.0.05, roopharvip
pairs of day of the year 82,0.243,122,0571 1,0,100,0 130,0.57,160,0.9 130,0,6,160,0,6 OrdopmaTnposaHo [ﬂ
RELLA| | and relative LAl between L 163,1,203,0.486, 213,1,278,1, 190,1,210,05, 190,0.78,210,1,
Oand 1, 244,0.318,284,0.3 308,0,366.0, 240,0.29.270,0.05, | 240,09,270,0,68, [ Ot¢opmaTuposaHo
325,0.393,366.0.286 320,0.05,366,0.04, | 320,0,20,366,0.03 _i
100,0.34,100,0.22 [ OropmaTuposaHo
relative root density (per 100,0.15,100,0.10. [ OTchopMaTUpOBaHO (... }
unit stonefree volume) of EYI 1000.07.100,0.04, 100.0.34.100,0.22 100,0.4:100,0.3;100,0:15,100,0:1 (c,
ROOTDEN, | "o obsorbing roots m¥/m? 100,0.03,100,0.02 100,0.15,100,0.1 e e e Gop P
for given layer, %—‘—‘—‘}22 22} 1122 2211 100007100004 | TR [°T¢°PMaT"P°BaH° [ﬂ
100,0 (O'rd;opma'ruposauo [ }
stone volume fraction in 0.15,0.15,0.15,0.16,0.17
STONER, each soil laver - 021.0.03 0.11,0.11,0.11,0.11 OTdopMaTUPOBaAHO (.. j
volumetric water content [ OTcdopMaTUPOBaHO [ﬂ
at "field capacity"
THETAF, corresponding m¥n 0.324 0.425,0.425,0.402,0.324 Ot¢opMaTHpoBaHO
to KF an(iaPz:F for soil ( OTdopMaTHpOBaHO [ﬂ
THICK, layer thicknesses mm 25,75,125,225,350,700,500 200,300,200,100, \\| OTpopmaTnpoBaHo
THSAT, THETA at saturation, m*/m? 0.451 0.482,0.482,0.476,0.451 (0 " [ﬂ
wetness at dry end of TPopmarnp
WETINF, | near-saturation range for - 0.92 0.94,0.94,0.92,0.92 OTtdopMaTMpoBaHo [ﬂ
asoil layer,
Z0G, ground surface roughness m 0.005 | 0.02 [ OTdopmaTnposaHo
 ordopmarup 6 )
Hetzdorf [qu:opMaTuposano (.. j
OTtdopmaTnpoBaHo ( j
am Physical meaning Unit GBR90 EXTR BR90 CBR9O | Ordbopmarup
B albedo or surface Ordopmatnposano (.. i
ALB, | reflectivity withoutsnow, | - oz 02l o0 [ oropmarup )
albedo or surface
ALBSN, | reflectivity with Snow. a 0.2, 0.47, 0.50 0.49 [ Ot¢ropmaTHpoBaHo (... j
aspect, degrees through east
AsPECTD, | 2sPect.e ureesshr,f:“ heast | e qree 315 o 148 OtchopmaTMpoBaHo )
BEXP, exponent for y-6 relation, 4 5.39, 5.3,5.3,5.3,5.3,4.9 OtcdopmaTupoBaHo
CINTRI, |  maxmm nercepton :Ito':AL mmy 0.15 07, 015 ! 010 OTdropmaTHpoBaHo )
maximum interception OTtcdopmaTnposaHo
CINTRS, | —storage of rain per unit SA| mm 0.15 N 0.15 [ ortd
maximum interception TPop L (i
CINTSL, storage of snow per unit mm 0.6 2.8 0.6 0.10 [ OTdopmMaTHpoBaHO [ﬂ
LA,
maximum interception [Gl-.— P P
CINTSS, | storage O SNOW per unit FQ@,?,,QT,;%F:W,,?' unit mm 0.6 4 0.6 [ Ordop p [ﬂ
SAL
extinction coefficient for [ OtcdopmaTupoBaHo
CR photosynthetically-active 2 0.6, 0.5 06 07 3
radiation in the canopy, [ Otdop L
[ OTcdopmaTMpoBaHO [ ﬂ
35 [ [ﬂ
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vapor pressure deficit at
which stomatal
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conductance is halved,

ratio of projected SAI to

o
f=3
fo}
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OTdopMaTUPOBaAHO

ESLOPED,

slope for evapotranspiration
———————————— and snowmelt,

o
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FRINTL,

intercepted fraction of rain
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ESINTS,

intercepted fraction of snow

o
(=3
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o
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OtdopmMaTUpoBaHO

per unit SAI

EXYLEM,

fraction of plant resistance

hat is in the xylem,

OtdopmMaTUpoBaHO

GLMAXC,

maximum leaf conductance,

o
o~
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t

o
oo
S

OtdopmMaTUpoBaHO

GLMINC,

minimum leaf conductance,

©
f=3
o0

2

IMPERV,

fraction of the soil surface
that is impermeable and
always routes water

OtdopmMaTMpoBaHO

OtdopmMaTUpoBaHO

reaching it directly to

streamflow,

OtdopmaTnp

OtcdopmaTupoBaHo

KF,

LAy

hydraulic conductivity at
field capacity
corresponding

13.1,13.1,13.1,13.155

OtcdopmaTupoBaHo

to THETAF and PSIF for a
soil layer,

h
OtgopmaTnp

KSNVF,

reduction factor between
0.05 and 1 to reduce snow

o
o
o

OtcdopmaTupoBaHo

evaporation

LATD,

latitude,

a1
o
©
t

h
 OTdpopmaTnp

LWIDTH,

average leaf width

o
o
G

o
o
1]

OrcdopmaTnpoBaHo

MAXHT,

| forthe year,

maximum canopy height

q

o

OrcdopmaTnpoBaHo

MAXLAI

maximum

~
@l

OrcdopmaTnpoBaHo

—projected LAL for the year,

MXKPL,

maximum plant

||| OTcdhopmaTup

MXRTLN,

maximum length of fine

OrcdopmaTnpoBaHo

—roots per unit ground areg

NLAYER,

OrcdopmaTnpoBaHo

number of soil layers to be

=~

OtdopmMaTupoBaHo

used;

PSICR,

minimum plant leaf water
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(
(
(
(
(
(
(
(
[ OtdopmaTupoBaHo
(
(
(
(
(
(
(
(
(
(

OtdopmMaTupoBaHo

potential

matric potential at "field
capacity" corresponding

Fand THETAF

-25,-25,-25,-25,-7.9

( ordpopmarup
[ OTtdopmMaTupoBaHO

to K
to KFand THETAF fora

soil layer,

OtdopmMaTupoBaHo

pairs of day of the year and
relative height between 0

1,1,366.1

OtcdopmaTupoBaHo

RELLAI

1,0.482,41,0.219,

1,0.340,04,

1,006.40,023

82,0.401,122,0.568,

10540841,

80,0.5,120,0.6,

80,049.120,0, 55,

(
[ OtdopmMaTupoBaHoO
(

OtcdopmaTupoBaHo

163,1,203,0.826,

299.1

160.1,200.1,

160,1,200.1,

b

244,0.842,284,0.494,

329,0,366.0,

240,0.8,280.,0.6,

240,0,7.280.0,7,

325,0.393,366,0.482,

320,0.4,366.0.3,

320,0,.33.366,02

(
( ordopmatup
(

OtcdopmaTupoBaHo

ROOTDEN, |

relative root density (per
unit stonefree volume) of

3/m?2
m*/m

100,0.305,100.0.215

00,0.22,100,0.17.

00,0.20

00,0.15

100.,0.15,100,0.10

00,0.13,100,0.10

00,0.12

00,0.09,

[GI:,. T™MPp

100-0-07-100-0-05

0.08

00007

-fine-or absorbing roots for
given layer,

100,0.07

00,0.08,100,0.06

0.08;

00,0.07

OrgopmaTnp

100,0.045,100,0.025

00,0.05

00,0.04
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{ OrtdopmaTnposaHo (.. j
[ OtdopmMaTupoBaHoO
100,0.02,100,0.015, 100,0.03,100,0.02
100,0.01,100,0.01 100,0.01,100,0, [O-rq)opma'mposauo [ﬂ
100,0.01,100,0.01, [ﬂ
100,0.005,100,0.005 [ Otdop —
100,0, [ OtdopmMaTupoBaHo [ﬂ
0.13,0.12 [ ord
- T p [ﬂ
STONEF, stone voume factionin - 0.120.14, 0.09.0.10.0.12.0.10.04 - ==
N €ach sobl layef, ST = { OTopmaTHpoBaHo [ﬂ
.18, \
volumetric water content at [ OTtdopmaTnposaHo
“field capacity" [ [ﬂ
THETAF, corresponding m¥/m? 0.324 0.365,0.365,0.365.,0.365.0.266, OtdopmaTiposato
to KF and PSIF for soil [ OTdopmMaTUpoBaHO [ﬂ
layer, [
OtcdopmaTupoBaHo
THICK, layer thicknesseg mm %ﬁ‘%‘%‘ 250,450,200,200,400, bop P
""" CET T MaTMpOBaH:
THSAT, THETA at saturation, m¥/m? 0.451, 0.485,0.485,0.485,0.485,0.435, [ OropmaTuposaHo
wetness at dry end of near- [ OTchopMaTUpOBaHO
WETINF, saturation range for a soil - 0.92
layer, ( Ordpop! P
Z0G, ground surface roughnesg m 0.02 [ OTdopMaTMpOBaHO [ﬂ
[ OTchopMaTUpOBaHO [ }
Tharandt { OTtcgopmaTnposaHo
Parameter Physical meaning Uni GBRY0 EXTR BRYO CBRYO ( OrdopmaTuposaro ]
abbreviation, § (
albedo or surface reflectivity 2 Oord P
ALB albedo 0r§g$1::ﬂr§£ectl\/lt N 0 02 008 013 [ T(popmat
WHTROHE SHOW, ord T
Ibedo or surface reflectivit —— —
ALBSN, albedo or surface reflectivity P 0.2 0.34, 0.40 0.60
with-snow; A 0.28 — — — {0:.,. pMaTup
aspect, degrees through east \

ASPECTD, from north, degrees 45, o) 161 [ OTtdopmMaTMpoBaHO [ﬂ
5.39,5.39 ‘ [ OTchopMaTHpOBaHO )
5.39,5.39

BEXPR, xponent for y-6 relation, 4 539.4.9 5.3 ( OTdopMaTHPOBaHO [ﬂ
TR i ( )
- - - Oord
maximum interception storage PoP Lid
CINTRL, £ AL mm, 0.15 04, 0.10 | 0.07 R
of rain per unit LAL 1 | OTd p
CINTRS, maximum interception storage m 015 0 010 [ —
of rain per unit SA — — 04 010 [OTq:opma'ruposano )
CINTS maxg?gowft;gcrepu?? it?rage mm 06 16 05 | 0.2 [ OTdopMaTUpOBaHO [ﬂ
— urt LAL I
CINTSS mamgwfum interce) tl_?rlit?ra e mm 06 08, 05 [O'rd)opMaTuposaHo j
f snow per unit SAl [G. [ﬂ
extinction coefficient for FoP P
CR, photosynthetically-active 2 0.5 0.61 [ OTcopMaTUPOBaHO [—ﬂ
radiation in the canopy,
vapor pressure deficit at which [ OrdopmaTnposaHo
CVPD, f kPa, 2 0.78
A —stomatal conductance is halved, [ OTdopMaTHpoBaHO ﬁ
c ratio of projected SAI to 0035 0.02
(G5} HEIGHT. : 2099 =L [ OTdopmaTHpoBaHo ﬁ
slope for evapotranspiration
ESLOPED, | and snowmelt, 5 [N 4 [ OTdopMaTUpOBaHO
FRINTL intercepted fr_a‘cltl(/)\nI of rain per . 006 00 0.06 | 002 [OTQ)opMaT"posaHo [ﬂ
unit LA 0.08 1
i i i ord ( j
Intercepted fraction of rain per P
FRINTS, intercepted fra'cg?\nl of rain per N 006 0.08 0.06 % o dop
unit S, A r [ﬂ
intercepted fraction of snow . — =
ESINTL, per Uit LAY - 0.04 0.08 0.04 ! 0.01 [G:.,, P P [ﬂ
intercepted fraction of snow
ESINTS, F unit SA - 0.04 0.1, 0.04 % OTchopMaTUpOBaHO
OTtdopmMaTMpoBaHO
37 [ [ﬂ

OTcdopmaTMpoBaHO

| OrdopmaTnposaHo

OTcdopmaTMpoBaHO

[ OTcdopmaTMpoBaHO

—

OTdhopMaTUpOBaHO



[ OrdopmaTnposaHo
AT _ - : [ OTtdopmaTuposaHo
raction of plant resistance that j
EXYLEM, | 777 is in the xylem, = 05 03 [ Ot opmaTHpoBaHO
GLMAXC, maximum leaf conductance, cm/s 0.34 0.35 [ 0.69 o
— TchopMaTMpoBaHo ( j
GLMINC, minimum leaf conductance, cm/s 0.03 0.01, 0.02 [ bop! d
fraction of the soil surface that [ OTdopMaTUpOBaHO
is impermeable and always R 1 ~ [ﬂ
IMPERY, . —routes water reaching it directly = oo 0 [ OTdopmaTuposano
tostreamflow, [ OtdopmMaTpoBaHo
hydraulic conductivity at field 6.3,6.3
KE capacity corresponding mm/d 6.36.3 12 [ OTdopMaTnpoBaHO
VVVVVVVV  ta T - 3 £ H JLLLLLAC Y ESSEE Y \
I to THETAF and PSIF for asoil 6355, { OtdopmaTHpoBaHO [ﬂ
layer, 55
reduction factor between 0.05 \ [ OrdopmaTnpoBaHo
KSNVP, and 1 to reduce snow - 03 0.08
evaporation [c"" L P (. j
LATD, Jatitude degrees 50.96 [ OrdropMaTHpOBaHO [ﬂ
LWIDTH average leaf width, m 0.00: 0.00. 0.002 [ 0.003 \ [
i i OtcdopmaTupoBaHo
MAXHT. maximum canoegary height for m 232 29 30 ¢op! P
. =T [ OTtdopmaTuposaHo
MAXLAL maximum projected LAI for 2 6.2 76, 7
e the year, S— . - = [G-... P p [ﬂ
MXKPL, maximum plant conductivity, TITA“S; 8 7 ( orpopmatuposaro )
- -
MXRTLN, ———Tﬁ%—lmeiﬂnlietﬁgguﬁgt;?ee roots 2 3100 3000, 1700 (O'rq)opma'mponauo [ﬂ
number of soil layers to be {0'-- pMaThp
NLAYER, us : 4 g ( )
Oord T
minimum plant leaf water - =
PSICl potential My 2 I 232 ( OtdopmaTnp ﬁ
matric potential at “field -8.5.-85 ( " fﬂ
PSIE capacity" corresponding KPa -8.5,-8.5 o Otdopmathp
e - to KF and THETAF for a soil == 8.5,-7.9 = \ {0. T [ﬂ
aver 9, ¢op P
RELHT pairs of day of the vear and . 113661 { OrdopmaTnposaHo )
——— | relative height between 0 and 1, A | { ord [ﬂ
TQPOop Lad wee
pairs of day of the year and R 1,0.8,160,1 1,0.8,160,1
RELLAL | relative LAl between 0-and 1 - 1.1,366.] 220,2:366:0:8——| 220 1:366:6-8| [ Otdbop Ld C.. i
100,0.27,100,0.195, ( Orpopmatuposaro )
100,0.14.100,0.10, 100,0.22.100.017, 1000, [ orepopmatuposano
100,0.075,100,0.065, 100,0.13.100.0.1 . 100.0. [
relative root density (per unit 1(1)20000%112222‘:’; 100.0,08.100..06, 00.0. Otcpop p . j
ROOTDEN, | stonefree volume) of fine or m¥/m? YT ET VY Y 100,0:05,100,0-04; 00,0 [ OTcdop p
absorbing roots for given layer, Y YTrETIY Y 100,0.03:1 000.02 00,00
1 5.1 S 00.0.01L.100.0.01 00.0.0 [ OTtcdopmaTnposaHo
100,0.005,100,0.005, YT -
100,0.005,100,0.005, — [ OTd’OPMaTMPOBaHO
100,0.005,100,0, [
L ™p wee
STONEE stone volume fraction in each R 812 8112 g%ﬁ' 0:10,0.20,0.32 [ [ﬂ
soittayer; - o003 0.40,0.42,0.42, pMaTmp
.
™p e
volumetric water content at %%‘ [ =
THETAF, “field capacity" corresponding | m%¥m? Feryreres 0.365, [ OTdopMaTpoBaHO [ ﬂ
rrrrrrrrrrrr 0:324.0:266;
to KF and PSIF for soil layer, 0.266 [Gu dop P ﬁ
25,75.125,225
THICK, layer thicknesses mm 250,700 500 60,60,240,300,300,300, [ OTtdopmaTnposaHo
0.451,0.451 [ OTcdopMaTMpoBaHO [ﬂ
THSAT, THETA at saturatior m¥/m? % 0.485, [ otd [ﬂ
0:451,0:435; gop P
0.435, [ oTd
$op P
[ OTcdopmaTMpoBaHO [ j
38 [ OTcdopmaTMpoBaHO
[ OTcdopmaTMpoBaHO
[ OTcdopmaTMpoBaHO
[ OTcdopmaTMpoBaHO
{ OTdhopMaTUpOBaHO




[ OtdopmMaTpoBaHo
[ OtdopmMaTupoBaHoO
WETINE wetness at dry end of near- R 092
— | saturation range fora soil layer - — [ Ot¢opMaTHpoBaHO
Z0G, ground surface roughnesg m 0.02 [ OrdopMaTHpOBaHO [ﬂ
[ OTtcdopmaTnpoBaHo
Oberbaerenburg
[ OTtdopmaTnpoBaHo
Parameter Physical meanin Uni GBR90 EXTR [OTd:o MaTUPOBaHO
iati Physical meaning GBR90 EXTR
abbreviation, Uniy p p
e
ALB albedo (::iigiiatcel Ir:zvalectlvny N 01 013 % OTtdopmaTuposaHo
v Oord T
P
ALBSN. albedo or sy'rkface reflectivity N 0.28 034 [O Fov
With SHOW, TchopMaTUpOBaHO
ASPECTD. aspect, degrees through east d 45 0 bop P
from north dearees 2 % . ( orgopmarmposaro )
S5H. | oa94040 | [orpopmarup =,
BEXP, exponent for y-0 relation, 2 YT 5.39,5:394.9 4 | [G " [ﬂ
= I, 4053513 T ™mp
L.g‘ &G A o bt
maximum interception storage [ OrdopMaTHpoBaHo (... j
CINTRL, o Yy mm 0.15 04,
of rain per unit LA} [Orq;opmaruposauo [ﬂ
maximum interception storage
CINTRS maXIT.‘U In;g]gtir:{emtilogl::ora ® ] mm 015 03, [O'rd;opma'ruposauo
maximum interception storage
CINTSL, | = of Snow ber unit LA mm 0.6 16 [OT¢0pmaTMpOBaHo [ }
maximum interception storage OtdopmMaTpoBaHo
CINTSS, | of snow per unit SA} mm 08 08 ( — 3
extinction coefficient for (0"' pMarip
CR | photosynthetically-active a 0.5 [0. (i) T ( j
radiation in the canopy, — =
vapor pressure deficit at {0::. pMaTHp
CVPD, which stomatal conductance is kPa 2 "
D e (ordopmarup )
ratio of projected SAI to 2
cs ratio ofH:; gcieg SAl to . 0.035 0.0 0.02 [ OtdopmMaTupoBaHo
irati OTtdopmaTnpoBaHo ( j
ESLOPED slope for evapotranspiration | 1. oo 5 o 6 ( ¢pop P!
S — and snowmelt, | (orpopmarmposaro )
FRINTL intercepted fraction of rain per R 0.06 0.08 0.06 [
unit LA = == == == OrcdopmaTnpoBaHo ( j
ints fracti f rai
FRINTS, ni el’ceptedmrl?tcstg\rlo rain per - 0.06 0.08, 0.06 [ OrcdopmaTnpoBaHo [—i
- =
FsiNT, | Interceptedfractionofsnow gf“‘fﬂ"’,’\‘,“ snow - 0.04 0.0 0.02 ( ordopmauposano
intercepted fraction of snow [ OtcdopmaTupoBaHo [ﬂ
FSINTS, f - 0.04 0.1, 0.04
—per unit SAL [o-rq;opmaruposauo [ﬂ
EXYLEM fraction of plant resistance R 05 [
hat is-in the xylemy - — OTtcdopmaTuposaHo [ }
GLMAXC, maximum leaf conductance cm/s 0.34 0.34 0.45 0.60 ‘[c - ﬁ
GLMINC, minimum leaf conductance, cm/s 0.03 0.01, 0.03 (TPOpHarp
fraction of the soil surface that [ OtdopmMaTupoBaHo
is impermeable and always !
IMPERV, |~ routes water reachi it = 0.04 0 [ OtdopmaTnposato
directly to streamflow, otd [ﬂ
hydraulic conductivity at field {Oropmarup
KE capacity corresponding mm/d : [Gu.,, pMaTup (= j
S ~to THETAF and PSIF fora—| 5555 220000 [G "
soil layer, 5.5 S T@opMarnp [i
reduction factor between 0.05 [ OtdopmMaTpoBaHo [ﬂ
KSNVP, and 1 to reduce snow - 03 [ ord
evaporation | OTdpopmaTup
LATD, latitude, degrees 50.797 [ ord T ﬁ
LWIDTH, average leaf width, m 0.002, 0.001, ) = —
[07¢opmamposano [ j
39
% =

OTcdopmaTMpoBaHO

OTcdopmaTMpoBaHO

OTcdopmaTMpoBaHO

OTcdopmaTMpoBaHO
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669

maximum canopy height for

) [ OTdopMaTUPOBaAHO

*for GBR90 and EXTRUSO listed parameters denote to the dominant HRU

MAXHT, - m 20, 29 25 ﬁ
the year,
maximum projected LAI for Py
maxLay, | mdmumprolced LATL | g 1 16, s | e )
MXKPL, | maximum plant conductivity day! 8 & 7
MPa’l
- - —
MXRTLN | Meimum lndth offine rools | ey 3100 3000 1500 | 2000
~fumber of i lmers b | ' =
number of soil layers to be
NLAYER, s - 7 11, 4 ﬁ
minimum plant leaf water ~ R R
PSICR, ential MPg -2 2.5 ! 1.5 ﬁ
matric potential at “field -8.5.-85
capacity" corresponding -8.5,-7.9, - 4 0.9F 70 95
PSIR | to KF and THETAF forasoil | P2 7.9-79 L9:85:19.28 5
layer, -7.9,
pairs of day of the year and
RELHT, | relative height between 0 and a2 1,1.366.1 ﬁ
106.75,0.6 )
airs of day of the year and . 1,0.8,160,1 1,0.8,160,1 100,0.98,140.1
RELLAL —relative LAl between 0-and 1, A 1.1,366.] —200:1:230.0.9
300,0.6,366,0.6 ﬁ
100.0.27.100.0.195,
100,0.14,100,0.10, 100.0.3.100 [ﬂ
100,0.075,100,0.065, T e
relative root density (per unit 100,0.04,100,0.03, | oo oo
stonefree volume) of fine or 5> | 100,0.025,100,0.015, | S RSttt [ﬂ
ROOTDEN, | = apsorbingroots-for given——— m/my | *100,0.015.100.0.01, %“
layer, 100,0.005,100,0.005, | ¥ n‘nnsran nns®
100,0.005,100,0.005, | =5 e on i [ﬂ
100,0.005,100,0.005, —
100,0.005,100,0, [ﬂ
0.16.0.16.0.17 0.737,0.737,0.771,
il i 0-771-0518-0 518
STONEE, | Stonevolume fractionineach | 020024026 271  — 011502302900 | )
soil-layer; 0.27 [ﬂ
027 |
volumetric water content at 0.324,0.324,0.324 8%228;228;22" C.. j
THETAF, | “field capacity” corresponding | m%¥m? 0.266,0.266.0.266, | N'orrnoppnopr | 0:266,0.324,0.266,0: [ﬂ
to KF and PSIF for soil layel 0.266, Sy
: : OTtcdopmaTnpoBaHo (... j
. 25,75,125,225 30,40,50,60
THICK, layer thicknesses mm Ty 60,50,50,60 180,110,170,560, OTtcdopmaTuposaHo j
350,700,500
_ OTchopMaTUpOBaHO [ j
0.451.0.451 0.451 0.435,0.435,0.435,
THSAT, THETA at saturation mn, | 043504350435, | 2435045L045L, | g 4050451 04350485 | OrdopmaTuposaHo
rrrrrrrrrr e 43, 0.435,0.435,0.435, SRRl
043 0.485.0.48 OtcdopmaTupoBaHo [ﬂ
wetness at dry end of near- OTcdhopMaTMPOBaHO [ﬂ
WETINF, saturation range for a soil - 0.92 bop s
layer, OTdopMaTUpOBaHO
Z0G, ground surface roughnesg m 0.02 _3
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{ OTdopMaTUpOBaHO
670 [ OTdopmMaTUpOBaHO
[ OTdopmMaTUpOBaHO
671 Table C2 BROOK90 parameters and their ranges chosen for the calibration [ OrdropmaTHpoBaHo [ﬂ
Parameter Physical meaning, Unit, = 2 RaBge, = o) [ OtdopmaTiposato [ﬂ
abbreviation, G K H iy
ALB, albedo or surface reflectivity without snow < 0.1-0.3 0.1-0.3 0.1-0.3 | 0.05-0.15 | 0.07-0.13 [ OTdopMaTMpoBaHO
ALBSN, albedo or surface reflectivity with snow, N 0.4-0.6, 0.4-0.6, 0.3-0.5, 0.4-0.6, 0.35-0.45, [ OTdpopMaTMPOBaHO [ﬂ
CINTRL, Im;a\>l<|mum interception storage of rain per unit mm, 01-03 01-03 01-03 | 007-045 | 0.10-0.15 [ Py [ﬂ
LAl T¢hop
CINTSL, T;a\);lmum interception storage of snow per unit mm, 04-08, 0.4-08, 0.1-0, 0204 0103 [OTd)OpMaTHDOBaHO [ﬂ
CR ex}lnctlon coefflc:fnt for photosynthetically- . 0608, 0608, 0507, 0507, 05-0.7, [ OTcdopMaTpoBaHo [ﬂ
active radiation-in-the-canopy;
A OtcdopmaTupoBaHo
CVPD, vapor pressurs deficit at which stomatal kPa, 052, 052 052, 052, 052, % o Pop! P
FRINTL, intercepted fraction of rain per unit LA N 00401 | 00401 | 00L0.L | 0.02:0.06 | 0.06-0.08 TdbopMaTuposaro )
FSINTL, intercepted fraction of snow per unit LAl < 0.04-0.07, | 0.01-0.05 | 0.01-0.1, | 0.01-0.04 | 0.02-0.04 [ OTtdopmaTuposaHo
GLMAXC, maximum leaf conductance cm/y 1-15 1-15 0.3-2, 0.3-0.7, 0.3-0.6, ( ord fﬂ
KSNVP, reduction factor for snow evaporation, < < < 0.05-0.5 0.05-0.5, 0.05-0.5, bl 4
LWIDTH, average leaf width, m On(:‘]:(‘): 9\0,\1,,5:_ 0.02-0.05, (1(2‘0{\19 9\?,9\1,, ( °T¢°pma""posa"° (... j
6:025; 045, 0:003; 0:003
MAXLAI, maximum projected LAI for the year, m?m? 4-6, 3-6, 5-7, 58 6-8 { OTdopmaTnposaro
1
MXKPL, maximum plant conductivity, mm day 7-30, 7-30, 7-30, 7-30, 7-30, ( OTchopMaTHpoBaHO
MPal
MXRTLN, maximum length of fine roots per unit ground areg, | m¥m% | 600-1000 | 300-700, | 99 | 1500-2500, | 2000-3500,  orbopmarmposano )
-5 —5 W;‘f —5 S5 [ OTdopMaTpoBaHO
PSICR, minimum plant leaf water potential, MPg et Tt s s T { ord [ﬂ
15 15 15 15 15 Thop
RELHT. pairs of day of the year and relative height | _

4 between 0 and 1, : A Adiusting relative values for spring-and-autumn-(G;K;H) and-for [ °T¢°PMaT“P°Ba"°
RELLAL ga:lrzo;day of the year and relative LAI between R winter (T,0) periods for fixed time-stepg | [ OTdhopMaTHpOBaHO [ﬂ
IDEPTH, depth over which infiltration is distributed, mm 0-1330Q, 0-800, 0-1500, 0-1260, 0-1020, [ OTdopMaTpoBaHO
QFFC, quick flow fraction bypass flow at field capacity, | - 0-0.5 0-0.5 0-0.5 0-0.5, 0-0.5 ﬁ

fraction of the water content between field [ OthopMaTMPOBaHO
QFPAR, capacity and saturation at which the quick flow | - 0-0.5 0-0.5, 0-0.5, 0-0.5 0-0.5 [Oﬂbopmamposauo
fraction is 1,
- - Otdop
DRAIN, ImuItuiller»Il::et\Neen 0 and 1 of drainage from the . 01 01 01, 01, 0l [
|lowest soil-fayer; i ; [ OchopmaTuposaHo [ﬂ
672 Abbreviations for ranges: G — Grillenburg, K — Klingenberg, H — Hetzdorf, T — Tharandt, O — Oberbaerenburg [ o [ﬂ
TchopMaTMpoBaHO
‘ OtcdopmaTupoBaHo
Objectives of the Pareto front Evolution of the optimal objectives [
5 . [ OTtcdopmaTnposaHo
049 ¢ |
- OtcdopmaTupoBaHo
5
g
g o ° 1 o [ OTdopmaTUpoBaHO
g 047 w o7 [Oﬂbopmamposano
Zous - T [ Ot opmaTHpoBaHO (. }
g s [ OtdopmMaTupoBaHo
7 0§ e I
. T— [ OTdopMaTpOBaHO
0.44
084 36 0.90 250 500 750 1000 [ OtdopmMaTpoBaHo
KGE daily (Vegelat:on period) Number of model runs
| [ OtcdopmaTupoBaHo
(] _2 s 50 15 Period * Summer * Winter OtdopmaTHpoBaHO _i
673 OtdopmMaTpoBaHo
OTdopmaTupoBaHo [ i
41 OTdopmaTupoBaHo (.. }
| OrdhopmaTupoBaHO (. j
OTdopmaTupoBaHo (... j

i [ OTdopmaTupoBaHo

{ OTtcdopmMmaTMpoBaHO
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677
678
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Figure C1 Resulted calibration Pareto fronts for Grillenburg (chosen ID — 9)
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Figure C2 Resulted calibration Pareto fronts for Klingenberg (chosen 1D — 13)
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Figure C3 Resulted calibration Pareto fronts for Hetzdorf (chosen ID — 15)
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680 Figure C4 Resulted calibration Pareto fronts for Tharandt (chosen 1D — 2)
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682 Figure C5 Resulted calibration Pareto fronts for Oberbaerenburg (chosen ID — 5)
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684  Appendix D. Daily (2020) and monthly (whole time-series) simulations

E daily [mm]

~

685

E monthly [mm]

‘ ‘ |
o ) B

. r B \ v‘ A\ )
07 - v V

A A A S

= Measured GBROO + station == EXTR + station ~= BR90 + staton == CBRO0 + staton
GBRYO + EXTR+ BROO + CBRO0 +
Evaporation GBR90 + — EXTR+ ~ BROD + ~ CBROO +
GBROO + RAKLIDA = EXTR + RAKUDA =~ BRO0 + RAKLIDA = CBRO0 + RAKLIDA
686
687 Figure D1 Grillenburg
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Figure D2 Klingenberg
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693 Figure D3 Hetzdorf
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GBROO + station == EXTR + station ~=  BRO0 + staton == CBRO0 + staton

= Measured

CBRO0 + ERAS(hourly)

B8RO0 +

GBRO0 + ERAS(dally) —— EXTR + ERAS(daly) ~—— BRO0 + ERAS(daly) —— CBRO0 + ERAS(daily)

EXTR+

GBROO +

Evaporation

= EXTR + RAKLDA = BRO0 + RAKLIDA ~ CBRO0 + RAKLIDA

GBROO + RAKLIDA
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Figure D4 Tharandt
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701 Appendix E.

702

Evaluation of the simulated evaporation

Table E1. Daily evaporation skill-scores for the whole year

[ OTcdopmMaTMpoBaHo

[ OTcdopmMaTMpoBaHo

OTcdopmMaTMpoBaHo

[ OTcdopmMaTMpoBaHo

[ OtcdopmMaTMpoBaHO

Model/Station | Grillenburg | Klingenberg | Hetzdorf | Tharandt | Oberbaerenburg )
NSE [ OtcdopmaTMpoBaHO [ﬂ
ERA5h 0.03 0.2 0.37 0.05 -0.09 OrchopmaTnposaHo —J

ERA5 d 0.06 0.29 0.56 0.25 0.13 —
GBRS0 2 aKiiDa -0.05 0.23 0.49 0.09 0.06 (Ordopmarup ]
Station 0.08 0.25 0.53 0.23 0.14 ( ordpopmatuposano =
ERASh 0.45 0.32 0.55 0.26 0.19 ( orpopmarmposaro =

ERA5 d 057 0.43 0.68 0.38 033
EXTR RaKiiDa 05 03 0.65 032 0.26 /[:cfopmaTuposano Q
Station 0.61 0.4 0.69 029 0.36 opmarvp
ERA5 I 0.46 053 0.61 0.13 0.09 ( orpopmatuposaro =
BRoo |_ERASJ 0.61 0.56 0.69 0.36 031 ( orpopmatuposano )
RaKliDa 059 051 0.67 0.17 0.18 OrbopmaTp )
Station 063 05 071 032 033
ERA5h 0.76 051 057 0.48 0.35 /% Ordopmatuposaro )
CBRYO ERA5 d 0.83 0.61 0.72 0.59 0.52 [OTQ)OpMaTMpOBaHO [ﬂ
RaKliDa 0.85 059 0.69 0.28 0.41 ( ordopmaruposaro )
Station 0.86 0.6 0.74 0.63 053 orpopmar o
KGE FopreTp
ERA5h 0.36 057 0.65 0.45 0.46 /{ OrdopmaTnposaHo )
BRo | ERASA 04 0.63 0.74 0.58 0.56 ( orropmatuposano -
RaKliDa 0.33 058 0.69 0.47 052 [ortopmermposano O
Station 0.36 0.6 0.7 05 057  r— S
ERA5h 051 0.62 0.77 0.54 058 BopmaThp
ExTR | _ERASG 0.59 0.7 0.84 0.59 0.63 ——{ orpopmaruposaro )
RaKliDa 053 0.6 0.82 057 0.61 ( oropmatposano )
Station 059 067 084 052 0.66 (Ordopmarnp o)
ERA5h 053 0.72 0.78 0.47 05
BR0 | ERASJ 07 0.76 0.78 0.6 06 \%°T¢°P““"l’°““° )
RaKliDa 0.65 0.72 0.78 0.51 0.55 OTdopmaTpoBaHO [ﬂ
Station 066 0.72 0.82 052 063 ( ordpopmarnposaro )
ERA5h 0.88 0.76 0.79 0.73 0.66 N o
cBRoo |_ERASd 0.84 0.76 0.85 0.79 071 \ (ZLPopHaThp
RaKliDa 0.86 0.79 0.85 0.59 0.69  Orpopmaruposaro )
Station 0.9 0.79 0.86 0.81 0.77 OtdpopMaTUpPOBaHO )
Lorrelation OrdopmaTuposaHo

ERA5h 0.78 0.73 0.77 0.54 053 % OTL:MT":““O Q
BR9o |_ERASA 0.79 0.75 0.83 0.69 0.67
RaKliDa 0.79 0.75 0.81 052 059 ( ordpopmatuposano =
Station 0581 0.75 0.83 0.67 0.62 ((ordopmaruposano =)
ERA5h 0.88 0.77 0.79 0.67 0.66 pr— —
ExTR | _ERASG 0.89 0.78 0.84 0.75 0.73 =
RaKliDa 0.89 0.77 0.83 0.68 0.66 ( Orpopmaruposano )
Station 09 0.78 0.85 0.69 0.71 ( orcpopmatuposano -
BR90 | ERA5 0.86 0.78 0.79 057 059 ((ordopmarnposano )
OtcdopmaTMpoBaHo [ﬂ
49 [ OtcdopmaTMpoBaHo [ﬂ
[ OtcdopmaTMpoBaHo [—i
[ OtcdopmaTMpoBaHo [ﬂ
OtcdopmaTMpoBaHo [ﬂ




[ OT¢opmaTuposaHo [—3
[ OTdopmMaTUpoBaHoO [ﬂ
ERAS5 d 0.86 0.77 0.84 0.72 0.71 [ ords [—i
RaKliDa 0.87 0.77 0.82 0.55 0.62 bt s
Station 0.89 0.76 0.85 0.68 0.68 /{ OtdopmaTuposaHo [ﬂ
ERA5 h 0.88 0.77 0.8 0.78 0.71 [ OtcdopmMaTMpoBaHO [ﬂ
ERAS d 0.92 0.81 0.86 0.82 0.78
CBRYO 12 KiiDa 0.93 0.8 0.85 0.73 0.72 [owowampo“"o ﬁ
Station 093 0.8 0.87 0.81 0.77 ovdopmaruposano )
BIAS [ OtcdopmMaTMpoBaHO [ﬂ
ERASh 0.69 0.84 0.85 1.38 1.37 /{ OrdopmaTuposaHo [ﬂ
GBRo |_ERASG 0.72 0.91 0.89 1.39 1.4 [o.* ; [ﬂ
RaKliDa 07 0.87 0.84 1.22 1.35 - =
Station 0.7 0.87 0.85 1.49 1.23 ( ordpopmatuposano =
ERASD 0.73 0.68 0.94 14 131 ( ordopmaTuposano =
ERAS d 0.77 0.94 0.99 1.42 1.35
EXTR IRakiiDa 073 0.87 0.95 1.34 1.26 [:d’opmammsa"o Q
Station 075 0.9 0.95 1.44 1.21 bt s
ERA5 h 0.73 0.86 1.03 1.36 1.37 [ OtcopmaTupoBaHo [ﬂ
BRoo |_ERASJ 0.83 0.94 1.1 134 1.38 ( ordpopmaTuposano )
RaKliDa 08 0.87 1.05 1.17 1.31 " ordropmarvposano [ﬂ
Station 08 0.87 1.04 1.41 1.21 .
ERA5h 0.99 1.06 0.99 0.9 1.19 [ OrdopmaTuposako fﬂ
CcBRoo | ERASd 1.13 1.16 1.03 0.94 1.23 [OﬂbopMaTMposaHo [ﬂ
RaKliDa 111 1.09 0.98 0.78 1.16 [ OtchopMaTHpoBaHo [ﬂ
Station 1.07 1.09 0.98 1.02 1.06 ord ; [ﬂ
Variance ratio — =
ERA5 h 0.51 0.62 0.7 1.31 0.95 [ OtdopmaTnposaHo [ﬂ
GBR9O ERA5 d 0.5 0.64 0.74 1.15 0.87 [OTd)OpMaTVIpOBaHO [ﬂ
RaKliDa 0.47 0.59 0.76 1.29 0.97 [ OtdhopmaTupoBaHo [ﬂ
Station 0.49 0.61 0.74 1.47 0.9 [ o : [ﬂ
ERA5h 0.59 0.62 0.88 1.32 0.92 2or L
EXTR ERA5 d 0.64 0.7 0.98 131 0.95 Ot¢dopMaTnposaHo [ﬂ
RaKliDa 0.61 0.61 0.97 1.35 0.97 [ OTdopmaTMpoOBaHO [—i
Station 0.66 0.66 0.97 1.51 0.94
ERAS 0.63 0.96 117 142 108 % :Tdmp"'amp“a“ Q
BRoo | ERASd 0.75 1.09 131 1.25 1.04 TopMaTHpoBaHo
RaKliDa 07 0.97 1.31 1.35 1.08 OtdopmatnposaHo [ﬂ
Station 071 1 1.21 1.61 1.03 [ OtchopMaTHpoBaHo [ﬂ
ERA5h 0.98 0.91 0.89 0.79 0.94 [ ordh : ﬁ
cBRoo | _ERASd 1.18 1.08 1.03 0.86 1.01 — =
RaKliDa 115 0.96 0.99 0.76 0.96 [ OtdpopMaTUpPOBaHO (ﬂ
Station 111 1.01 1.02 1.02 0.97 OTdopmMaTUpoOBaHO [ﬂ
MAE
ERA5h 0.76 0.69 0.71 0.86 0.97 % :‘fowajuposa"o Q
GBR9o |_ERASd 0.72 0.66 0.61 0.77 0.88 or L
RaKliDa 075 0.66 0.67 0.88 0.91 [ OtdopmaTnposaHo [ﬂ
Station 0.69 0.66 0.62 0.87 0.86 OTdopMaTHpOBaHO [ﬂ
ERA5h 0.64 0.64 0.66 0.81 0.84 [o.: pwar [ﬂ
EXTR | ERA5d 0.59 0.62 0.59 0.78 0.82 =
RaKliDa 0.62 0.64 0.62 0.78 0.81 ( orpopmaruposano =
[ OtcdopmaTMpoBaHo [ﬂ
50 [ OtcdopmaTMpoBaHo [ﬂ
OtcdopmaTMpoBaHo [—i
[ OtcdopmaTMpoBaHo [ﬂ
[ OtcdopmaTMpoBaHo [ﬂ
{ OTcdopmaTupoBaHO (ﬂ




Station 0.56 0.62 058 0.89 0.76

ERA5h 0.64 0.65 0.7 0.85 0.94

BRoo |ERAS 059 0.67 0.65 0.74 0.86
RaKliDa 059 0.66 0.67 0.85 0.92

Station 055 0.67 0.61 0.85 0.82

ERA5h 052 0.66 0.64 05 0.73

ERA5 d 0.48 0.64 057 047 0.69

CBRYO RaKliDa 0.46 0.62 0.58 0.6 0.73
Station 0.42 0.61 0.54 0.5 0.63

Table E2. Daily evaporation skill-scores for the vegetation period
Model/Station [ Grillenburg [ Klingenberg | Hetzdorf | Tharandt | Oberbaerenburg
NSE

ERA5 h -0.46 -0.13 0.09 -0.12 -0.33
ERAS5 d -0.52 -0.07 0.33 0.06 -0.09
GBRI0 g KiiDa -0.64 -0.13 0.28 0 -0.06
Station -0.45 -0.08 0.33 0.08 0.04
ERA5 h 0.17 -0.08 021 0.03 -0.07

ERA5 d 0.33 0.08 0.4 0.14 0.1

EXTR RaKiipa 0.26 -0.09 04 0.15 0.14
Station 041 0.09 047 0.12 027
ERA5 h 0.19 0.38 0.43 -0.03 -0.11

BR90 ERA5 d 0.39 0.41 0.53 0.2 0.13
RaKliDa 0.35 0.37 0.52 0.08 0.08

Station 0.43 0.37 0.58 0.2 0.26

ERA5 h 0.62 0.24 0.3 0.22 0.11

ERA5 d 0.72 0.37 0.52 0.37 0.32

CBRIO I paKiiDa 0.75 038 051 0 023
Station 0.78 0.42 0.59 0.45 0.42

KGE

ERA5 h 033 0.49 057 0.38 0.39

ERA5 d 0.34 0.52 0.67 0.54 0.53

GBRI0 g KiiDa 0.28 048 0.64 0.39 049
Station 033 051 0.66 0.47 054

ERA5 h 051 05 0.63 0.48 052

ERAS5 d 059 057 071 055 059

EXTR RaKiipa 053 0.49 0.71 049 058
Station 0.6 056 0.74 0.46 0.64

ERA5 h 0.53 0.66 0.68 0.39 0.45

proo | ERASd 0.67 0.68 071 056 058
RaKliDa 0.64 0.66 07 041 051

Station 0.66 0.65 0.75 0.46 0.61

ERA5 h 0.81 0.65 0.67 0.63 0.58

ERA5 d 0.82 0.68 0.77 0.7 0.67

CBRIO I paKiiDa 0.84 07 0.76 051 0.62
Station 0.87 0.71 0.8 0.71 0.71

Correlation
GBR90 | ERAS h | 0.67 | 0.61 | o068 | 043 ] 043
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ERA5d 0.66 0.63 0.75 0.59 0.6

RaKliDa 0.67 0.64 0.73 0.42 0.52

Station 0.71 0.64 0.76 0.58 0.55

ERA5 h 0.81 0.66 0.67 0.55 0.56

ERA5d 0.83 0.68 0.74 0.64 0.65

EXTR RaKliDa 0.83 0.66 0.73 0.57 0.6
Station 0.85 0.69 0.76 0.57 0.65

ERA5 h 0.79 0.7 0.7 0.45 0.49

BR90 ERA§ d 0.78 0.69 0.76 0.62 0.64

RaKliDa 0.8 0.69 0.74 0.45 0.54

Station 0.82 0.68 0.78 0.59 0.62

ERA5 h 0.81 0.66 0.69 0.67 0.61

ERA5 d 0.87 0.72 0.78 0.72 0.71

LBRO I oKiiDa 0.88 0.72 0.77 0.61 0.64
Station 0.89 0.72 0.8 0.72 0.71

BIAS

ERA5 h 0.68 0.83 0.83 1.22 1.22

ERA5 d 0.72 0.9 0.88 1.26 1.27

GBR90 RaKliDa 0.68 0.85 0.84 1.07 1.2
Station 0.69 0.85 0.84 1.34 1.1

ERA5 h 0.73 0.88 0.97 1.29 1.22

ERA5d 0.77 0.94 1.03 1.32 1.26

EXTR RaKliDa 0.73 0.87 0.99 1.23 1.15
Station 0.76 0.9 1 1.32 111

ERA5 h 0.74 0.87 1.04 1.23 1.25

BR90 ERA5d 0.84 0.96 1.12 1.24 1.27

RaKliDa 0.81 0.88 1.07 1.05 1.18

Station 0.81 0.88 1.05 1.29 1.1

ERA5 h 0.99 1.06 0.99 0.89 1.15

ERAS5d 1.13 1.17 1.05 0.94 12

LBR30 RaKliDa 111 1.08 1 0.78 111
Station 1.07 1.08 1 1.01 1.03

Variance ratio

ERA5 h 0.55 0.62 0.71 1.32 0.87

ERAS5 d 0.5 0.6 0.72 113 0.77

GBR0 RaKliDa 0.49 0.57 0.8 1.45 0.97
Station 0.51 0.6 0.75 1.59 0.91

ERA5 h 0.63 0.56 0.75 1.33 0.83

EXTR ERA_5 d 0.67 0.61 0.78 1.31 0.85
RaKliDa 0.65 0.55 0.85 1.48 0.97

Station 0.7 0.61 0.83 1.68 0.97

ERA5 h 0.67 1.05 1.2 1.49 1.03

BR9O ERA5d 0.75 1.15 1.29 1.3 0.99

RaKliDa 0.72 1.07 1.36 1.59 1.14

Station 0.72 1.11 122 1.84 11

ERA5 h 0.99 0.83 0.81 0.81 0.86

ERA5d 11 0.96 0.91 0.85 0.92

LBRO RaKliDa 11 0.89 0.93 0.86 0.95
Station 1.07 0.96 0.96 1.06 1.02
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MAE
ERA5 h 1.04 0.91 0.87 0.92 1.05
ERAS5 d 0.98 0.87 0.74 0.83 0.95
GBRO I KiiDa 1.02 0.86 0.83 0.95 0.98
Station 0.95 0.86 0.76 0.93 0.95
ERA5 h 0.86 0.86 0.83 0.91 0.95
ERAS5 d 0.79 0.83 073 0.88 0.94
XTR -
E RaKliDa 0.83 0.85 0.77 0.89 0.9
Station 0.74 0.82 0.7 1.02 0.85
ERA5 h 0.85 0.87 0.88 0.93 1.05
BR90 ERAS5 d 0.77 0.89 0.82 0.81 0.97
RaKliDa 0.77 0.88 0.84 0.94 1.03
Station 0.72 0.89 0.75 0.94 0.91
ERA5 h 0.68 0.88 0.8 0.63 0.87
ERA5d 0.63 0.85 0.7 0.58 0.83
LBR30 RaKliDa 0.59 0.81 0.72 0.76 0.87
Station 0.53 0.8 0.65 0.61 0.77
Table E3. Daily evaporation skill-scores for the winter period
Model/Station | Grillenburg [ Klingenberg | Hetzdorf | Tharandt [ Oberbaerenburg
NSE
ERA5 h -0.86 -2.08 0.3 -0.42 -0.79
ERA5 d -0.7 -1.8 -0.47 -0.56 -1.13
GBRWO RaKliDa -0.56 =1.54 -0.51 =0.36 -0.91
Station -0.54 -1.22 -0.5 -0.57 -0.6
ERA5 h -1.05 -2.42 -0.85 -0.44 -0.96
ERAS5 d -1.13 214 -1.33 052 13
EXTR rakiipa 20,98 1,69 158 ~0.42 0.9
Station -1.19 -1.29 -1.6 -0.56 -0.82
ERA5 h 2.07 -4.25 -0.29 037 0.8
Roo | ERASd -1.81 367 -0.37 -0.46 12
B RaKliDa -1.48 =2.94 -0.41 -0.32 -0.94
Station -1.83 213 -0.43 -0.46 -0.67
ERA5 h -0.26 15 -0.16 061 -1.16
ERAS5 d 021 14 -0.41 -0.66 -1.93
LBRI I KiiDa -0.08 -1.23 04 -0.83 -1.34
Station -0.05 -0.96 -0.64 034 16
KGE
ERA5 h 0.24 -0.04 0.15 -0.32 -0.38
ERAS5 d 0.3 0.02 0.25 021 032
BR -
GBRO RaKliDa 0.32 0.06 0.17 =0.29 -0.33
Station 0.34 0.12 0.13 0.22 0.2
ERA5 h 0.17 -0.13 0.07 -0.22 -0.27
ERA5 d 0.11 -0.06 0.1 -0.1 -0.22
EXTR Rakiipa 0.14 0.06 0.18 014 -0.26
Station 0.05 0.14 -0.22 -0.14 -0.15
Roo | _ERASD 0.22 -0.63 0.22 0.3 -0.35
B ERA5d 047 2052 03 2016 0.28
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RaKliDa -0.06 -0.32 0.24 -0.26 -0.28
Station -0.2 -0.16 0.19 -0.19 -0.17
ERA5 h 041 0.1 0.32 0.22 -0.16
ERA5 d 0.43 0.12 0.33 0.26 -0.15
£BRO RaKliDa 045 0.15 0.3 0.12 -0.11
Station 0.49 0.2 0.22 0.26 -0.02
Correlation
ERAS5 h 0.33 0.21 0.19 0.14 -0.06
ERA5 d 0.36 0.24 0.25 0.21 -0.05
GBRY RaKliDa 0.35 02 0.19 0.15 -0.02
Station 0.42 0.22 0.15 0.24 0.13
ERAS5 h 0.32 0.29 0.28 0.18 -0.04
EXTR ERA§ d 0.27 0.24 0.34 0.27 -0.03
RaKliDa 0.25 0.25 0.28 0.26 -0.02
Station 0.32 0.24 0.28 0.29 0.08
ERA5 h 0.2 0.05 0.24 0.13 -0.07
BR90 ERA§ d 0.19 0.05 031 0.21 -0.05
RaKliDa 0.22 0.03 0.25 0.14 -0.01
Station 0.29 0.06 0.21 0.23 0.1
ERA5 h 0.42 0.26 0.34 0.22 -0.05
ERA5 d 0.44 0.29 0.37 0.28 -0.03
£BRO RaKliDa 0.46 0.26 0.34 0.15 0.02
Station 05 0.27 03 0.28 011
BIAS
ERA5 h 0.85 115 1.01 345 3.92
ERA5 d 0.9 1.23 0.92 3.15 3.69
GBRYO0 RaKliDa 0.94 1.29 0.88 3.13 3.97
Station 0.83 13 0.9 3.46 3.59
ERAS5 h 0.76 0.85 0.63 291 2.97
EXTR ERA§ d 071 0.83 0.55 2.72 2.83
RaKliDa 0.74 0.95 0.53 2.79 311
Station 0.65 0.98 0.51 31 291
ERA5 h 0.57 0.56 0.97 3.15 3.49
BR90 ERA§ d 0.59 0.57 0.9 2.75 3.16
RaKliDa 0.62 0.64 0.88 2.76 3.46
Station 0.56 0.69 0.9 3.01 311
ERA5 h 1.05 112 0.96 1.01 2
ERA5d 1 111 0.81 0.98 178
CBRO RaKliDa 11 12 0.8 0.82 2.01
Station 0.96 1.24 0.75 121 1.62
Variance ratio
ERA5 h 0.59 0.36 17 11.57 347
ERA5 d 0.63 04 1.05 6.56 2.15
GBRO RaKliDa 0.73 0.49 1.19 10.35 2.86
Station 0.65 0.57 1.35 7.88 2.87
ERA5 h 0.54 0.29 0.85 6.8 1.88
ERA5 d 0.57 0.34 0.61 4.38 1.26
EXTR RaKliDa 0.65 0.41 0.6 5.53 2.02
Station 0.52 0.51 0.61 5.61 1.74
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ERA5 h 0.42 0.24 1.43 10.51 291
ERA5 d 0.47 0.27 1.03 5.42 1.64
BR90 RaKliDa 053 034 117 852 293 {OTd:opMaTuposaHo: aHrnuiickuin (CoeamHeHHoe
Station 042 045 127 66 221 Koponescreo)
ERA5 h 0.86 0.44 1.37 0.93 1.1
ERA5 d 0.86 0.44 0.88 0.78 0.6
CBR90 RaKliDa 102 052 098 0.89 0.86 {OTd)opmaTuposaHo: aHrnuiickuii (CoeanHeHHoe
n KoponeBscTBo)
Station 0.92 0.62 0.86 1.22 0.56
MAE { OTdopMaTMpOBaHO: aHrniickuii (CoeamHeHHoe
ERA5 h 0.19 0.23 0.36 0.75 0.8 KoponescTBo)
ERA5 d 0.19 0.23 0.32 0.67 0.74
GBR90 RaKliDa 0.19 024 034 0.73 0.78 {OTd)opmaTuposaHo: aHrnuiickuii (CoeanHeHHoe
" KoponeBscTBo)
Station 0.18 0.24 0.36 0.74 0.69
ERA5 h 0.19 0.19 0.31 0.61 0.61
ERA5 d 0.2 0.2 0.31 0.55 0.58
EXTR RaKliDa 0.2 02 032 057 0.64 {O'rq)opmamposauo: aHrnuitckuii (CoeamHeHHoe
Station 0.19 021 0.32 0.65 0.57 Koponescreo)
ERAS5 h 0.21 0.21 0.33 0.69 0.72
ERAS5 d 0.21 0.22 0.3 0.58 0.65
BR90 RaKliDa 021 0.22 033 0.66 0.69 {OchopmaTuposano: aHrnuiickui (CoepmHeHHoe
Station 02 023 0.34 0.64 0.62 Koponescreo)
ERA5 h 0.2 0.22 0.31 0.25 0.45
ERA5 d 0.19 0.21 0.28 0.24 0.41
CBR90 RaKliDa 0.19 022 029 026 044 {OTd)opMaTuposaHo: aHrnuiickuii (CoeanHeHHoe
Station 0.18 0.23 03 0.27 0.36 Koponescreo)
Table E4. Monthly evaporation skill-scores for the whole year
Model/Station [ Grillenburg [ Klingenberg | Hetzdorf | Tharandt | Oberbaerenburg
NSE
ERA5 h 0.37 0.56 0.74 0.44 0.49
ERA5 d 0.49 0.65 0.84 0.57 0.59
GBRS0 RaKliDa 0.37 0.59 0.78 0.54 0.54
Station 0.4 0.56 0.77 0.47 0.55
ERA5 h 0.63 0.61 0.84 0.59 0.7
EXTR ERA_S d 0.74 0.68 0.88 0.61 0.71
RaKliDa 0.66 0.55 0.88 0.63 0.72
Station 0.72 0.6 0.89 0.48 0.75
ERA5 h 0.65 0.77 0.89 0.57 0.63
BROO ERA5 d 0.84 0.77 0.88 0.69 0.69
RaKliDa 0.8 0.74 0.88 0.67 0.63
Station 0.81 0.72 0.9 0.6 0.72
ERA5 h 0.93 0.83 0.9 0.84 0.84
ERA5 d 0.92 0.79 0.92 0.9 0.85
CBR90 RaKliDa 0.93 0.81 0.92 0.67 0.83
Station 0.93 0.79 0.93 0.91 0.87
KGE
GBRYO [ ERASh | 0.41 [ 0.68 [ oe6 | o067 | 0.65
| ERA5 | 051 | 0.79 | o079 | om1 | 0.69

55



RaKliDa 0.43 0.72 0.71 0.69 0.66

Station 0.44 0.72 0.72 0.67 0.67

ERA5 h 0.54 0.71 0.86 0.71 0.74

EXTR ERA5d 0.65 0.82 0.94 0.69 0.74
RaKliDa 0.57 0.7 0.91 0.73 0.75

Station 0.62 0.75 0.92 0.67 0.77

ERA5 h 0.54 0.8 0.94 0.72 0.71

BR90 ERA5 d 0.76 0.82 0.84 0.74 0.72
RaKliDa 0.7 0.8 0.89 0.76 0.72

Station 0.7 0.8 0.91 0.7 0.77

ERAS5 h 0.96 0.9 0.89 0.82 0.83

ERAS5 d 0.82 0.79 0.94 0.91 0.8

CBR90 RaKliDa 0.85 0.86 0.95 0.65 0.84
Station 0.88 0.85 0.96 0.95 0.91

Correlation

ERA5 h 0.92 0.86 0.96 0.91 0.91

ERAS5 d 0.91 0.86 0.95 0.94 0.94

GBROO RaKliDa 0.91 0.85 0.96 0.89 0.93
Station 0.91 0.84 0.95 0.94 0.89

ERA5 h 0.95 0.87 0.94 0.93 0.94

EXTR ERA_S d 0.95 0.86 0.94 0.93 0.94
RaKliDa 0.95 0.85 0.95 0.92 0.94

Station 0.95 0.85 0.95 0.89 0.93

ERA5 h 0.96 0.9 0.95 0.92 0.93

BRY0 ERA_S d 0.96 0.88 0.95 0.94 0.94
RaKliDa 0.96 0.88 0.94 0.9 0.91

Station 0.96 0.87 0.95 0.93 0.92

ERAS5 h 0.97 0.92 0.96 0.95 0.95

ERA5 d 0.98 0.91 0.96 0.95 0.95

CBR30 RaKliDa 0.98 0.91 0.96 0.93 0.94
Station 0.97 0.9 0.96 0.96 0.94

BIAS

ERA5 h 0.69 0.84 0.85 1.38 1.37

ERA5 d 0.72 0.91 0.89 1.39 1.4

GBR90 RaKliDa 0.7 0.87 0.84 1.22 1.35
Station 0.7 0.87 0.85 1.49 1.23

ERA5 h 0.73 0.88 0.94 1.4 1.31

EXTR ERA? d 0.77 0.94 0.99 1.42 1.35
RaKliDa 0.73 0.87 0.95 1.34 1.26

Station 0.75 0.9 0.95 1.44 1.21

ERA5 h 0.73 0.86 1.03 1.36 1.37

BRY0 ERA_S d 0.83 0.94 1.1 1.34 1.38
RaKliDa 0.8 0.87 1.05 1.17 1.31

Station 0.8 0.87 1.04 141 121

ERA5 h 0.99 1.06 0.99 0.9 1.19

ERA5d 1.13 1.16 1.03 0.94 1.23

CBR30 RaKliDa 111 1.09 0.98 0.78 1.16
Station 1.07 1.09 0.98 1.02 1.06

Variance ratio
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706

ERA5 h 0.53 0.67 0.61 0.75 0.69

ERA5d 0.6 0.8 0.74 0.91 0.81

GBR0 RaKliDa 0.54 0.71 0.68 0.66 0.68
Station 0.56 0.73 0.68 1 0.64

ERA5 h 0.62 0.68 0.81 1.01 0.84

ERA5d 0.73 0.82 1 1.16 0.97

EXTR RaKliDa 0.66 0.68 0.92 0.98 0.78
Station 0.71 0.72 0.94 1.09 0.76

ERA5 h 0.61 1.03 1.03 0.88 0.87

BRO ERA.S d 0.82 1.28 13 1.03 0.99

RaKliDa 0.75 1.1 1.19 0.75 0.8

Station 0.76 11 113 11 038

ERA5 h 0.97 1.01 0.83 0.79 0.95

ERA5 d 1.36 1.32 1.06 0.9 1.12

CBRO I paKiiDa 128 112 095 07 091
Station 1.23 1.15 1.01 0.98 0.93

MAE

ERA5 h 17.04 13.93 11.7 16.25 16.99
GBR90 ERA_S d 15.94 13.78 9.95 16.05 16.91
RaKliDa 17.17 14.09 11.05 13.05 16.15
Station 16.9 14.71 11.22 19.56 15.01
ERA5 h 15.12 13.21 10.08 16.85 14.43
EXTR ERA5d 13.59 13.37 9.82 17.6 15.15
RaKliDa 14.75 14.32 9.69 15.5 13.14
Station 13.77 13.93 9.32 19.99 12.26
ERA5 h 14.6 12.81 9.48 15.45 16.49
BRY0 ERA5d 11.31 13.91 11.25 14.38 15.96
RaKliDa 12.11 14.09 10.67 11.8 15.29
Station 11.86 14.47 9.8 17.32 13.02
ERA5 h 7.08 10.51 8.36 7.7 10.74
CBRY0 ERA‘5 d 9.12 12.59 8.39 6.69 11.16
RaKliDa 8.24 11.56 8.01 10.93 10.51

Station 7.9 12.11 7.9 6.35 8.85

Table E5. Monthly evaporation skill-scores for the vegetation period
Model/Station | Grillenburg [ Klingenberg | Hetzdorf | Tharandt | Oberbaerenburg
NSE

ERA5 h -0.18 0.23 0.5 0.32 0.3

ERA5 d 0.07 0.4 0.69 0.4 0.41

GBRY RaKliDa -0.14 03 0.58 0.57 0.43
Station -0.1 0.27 0.56 0.22 0.48

ERA5 h 0.3 0.17 0.59 0.3 0.5

EXTR ERA?) d 0.54 0.35 0.71 0.29 0.49
RaKliDa 0.39 0.11 0.72 0.42 0.65

Station 0.49 0.21 0.74 0.13 0.68

ERA5 h 0.29 0.64 0.78 0.45 0.48

BR90 ERA5 d 0.69 0.65 0.75 0.55 0.53
RaKliDa 0.62 0.62 0.77 0.68 0.51
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Station 0.63 0.59 0.81 041 0.68
ERA5 h 0.86 0.66 0.75 0.68 0.72
ERA5 d 0.83 0.61 0.83 0.79 071
CBRO RaKliDa 0.86 0.65 0.84 0.39 07
Station 0.86 0.62 0.86 0.83 0.8
KGE
ERA5 h 0.45 0.63 0.62 0.72 0.62
ERA5 d 0.54 0.71 0.76 0.77 0.7
GBRYO0 RaKliDa 0.47 0.66 0.69 0.78 0.66
Station 0.48 0.65 0.7 0.73 0.69
ERA5 h 0.59 0.58 0.63 0.74 0.72
EXTR ERA§ d 0.68 0.69 0.78 0.72 0.75
RaKliDa 0.61 0.58 0.74 0.76 0.76
Station 0.66 0.62 0.77 0.67 0.79
ERAS5 h 0.57 0.76 0.89 0.78 0.74
BR90 ERA§ d 0.78 0.72 0.82 0.78 0.76
RaKliDa 0.73 0.72 0.85 0.84 0.75
Station 0.74 0.71 0.89 0.73 0.82
ERA5 h 0.93 0.83 0.75 0.81 0.82
ERA5 d 0.79 0.75 0.9 0.89 0.82
CBRO RaKliDa 0.82 0.8 0.87 0.67 0.83
Station 0.85 0.78 0.91 0.91 0.9
Correlation
ERA5 h 0.85 0.75 0.92 0.87 0.88
ERA5 d 0.83 0.74 0.92 0.91 0.91
GBRYO RaKliDa 0.83 0.74 0.92 0.84 0.89
Station 0.83 0.72 0.91 0.9 0.84
ERAS5 h 0.91 0.75 0.9 0.87 0.91
ERAS5 d 0.91 0.74 0.9 0.87 0.91
EXTR RaKliDa 0.91 07 0.91 0.85 0.91
Station 0.91 0.71 0.91 0.79 0.89
ERAS5 h 0.93 0.83 0.9 0.88 0.9
BR90 ERA§ d 0.92 0.81 0.9 0.91 0.91
RaKliDa 0.92 0.81 0.89 0.85 0.86
Station 0.93 0.79 0.91 0.88 0.88
ERA5 h 0.93 0.84 0.92 0.89 0.92
ERA5 d 0.95 0.83 0.93 0.91 0.92
LBRI0 RaKliDa 0.95 0.83 0.93 0.87 0.89
Station 0.94 0.81 0.93 0.91 091
BIAS
ERA5 h 0.68 0.83 0.83 1.22 1.22
ERA5d 0.72 0.9 0.88 1.26 1.27
GBRYO0 RaKliDa 0.68 0.85 0.84 1.07 1.2
Station 0.69 0.85 0.84 1.34 11
ERA5 h 0.73 0.88 0.97 1.29 1.22
ERA5 d 0.77 0.94 1.03 1.32 1.26
EXTR RaKliDa 0.73 0.87 0.99 1.23 1.15
Station 0.76 0.9 1 1.32 111
BR90 | ERA5h 0.74 0.87 1.04 1.23 1.25
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ERA5 d 0.84 0.96 1.12 1.24 1.27

RaKliDa 0.81 0.88 1.07 1.05 1.18

Station 0.81 0.88 1.06 1.29 1.1

ERA5 h 0.99 1.06 0.99 0.89 1.15

ERA5 d 1.13 1.17 1.05 0.94 1.2

LBRY0 RaKliDa 111 1.08 1 0.78 1.11
Station 1.07 1.08 1 1.01 1.03

Variance ratio

ERAS5 h 0.64 0.71 0.58 0.73 0.58

ERA5 d 0.74 0.86 0.72 0.91 0.7

GBRO RaKliDa 0.69 0.79 0.67 0.77 0.61
Station 0.69 0.82 0.67 1.03 0.64

ERA5 h 0.73 0.59 0.55 0.97 0.7

ERAS5 d 0.9 0.75 0.7 1.14 0.82

EXTR aKiipa 0.82 0.64 0.65 1ol 0.73
Station 0.87 0.68 0.68 1.15 0.75

ERA5 h 0.67 1.23 0.95 0.91 0.78

BR9O ERA?) d 0.91 1.55 1.23 11 0.91
RaKliDa 0.85 1.37 1.15 0.92 0.78

Station 0.84 1.37 1.07 1.22 0.86

ERA5 h 0.97 0.93 0.66 0.83 0.84

ERA5 d 1.42 1.29 0.9 0.95 1.01

LBRYO RaKliDa 1.35 1.1t 0.81 0.84 0.84
Station 1.31 1.17 0.89 1.03 0.96

MAE

ERA5 h 24.02 18.64 15.24 14.33 15.87
GBR9O ERA5 d 22.44 18.33 12.84 15.23 16.54
& RaKliDa 2423 18.65 144 10.68 147
Station 23.78 19.65 14.38 19.24 13.97

ERA5 h 20.8 18.05 12.28 17.44 14.9
EXTR ERA5 d 18.27 18.12 11.52 19.34 16.42
RaKliDa 20.12 19.52 11.16 15.93 12.55
Station 18.67 18.98 10.45 21.39 11.88
ERA5 h 19.72 17.03 12.24 14.3 16.36
BRO0 ERAS5 d 14.77 18.62 15 14.32 16.64
RaKliDa 15.99 18.86 13.95 10.23 14.91
Station 15.58 19.57 12.45 17.71 12.43
ERA5 h 9.07 13.66 10.68 9.82 11.91
CBR90 ERA_S d 12.11 16.86 10.55 8.35 13.09
B RaKliDa 10.8 152 9.89 14.54 1177
Station 10.35 16.02 9.58 7.76 10.19

Table E6. Monthly evaporation skill-scores for the winter period
Model/Station [ Grillenburg | Klingenberg | Hetzdorf | Tharandt | Oberbaerenburg
NSE

ERA5 h -0.84 -3.36 -0.21 -3.65 -3.23
GBR90 | ERA5d -0.62 -2.97 -0.56 -4.55 -4.59
RaKliDa -0.48 -2.77 -0.88 -3.28 -4.82
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Station -0.46 2.6 -1.21 -6.21 -4.03
ERA5 h -4.44 -5.59 -2.96 -3.47 -3.15
ERA5 d 471 -6.57 -4.39 -3.68 -3.9
EXTR I paKiiDa -3.93 571 -4.81 -3.62 -35
Station -4.19 -4.8 -4.49 5.1 -3.8

ERA5 h -8.08 -16.29 -0.02 -3.13 -3
BRY ERA5 d -7.88 -14.62 -0.18 -3.66 -4.2
RaKliDa -6.26 -9.67 045 -2.75 4.27
Station -6.69 -7.49 -0.91 -4.85 -3.74
ERA5 h 0.4 -1.97 0.27 -0.86 -1.95
ERAS5 d -0.49 -2.02 -0.21 -0.83 -2.61
CBRD e KiiDa -0:35 227 -0:23 212 -2.36
Station -0.22 -2.08 -0.96 -0.45 -2.65

KGE
ERA5 h 0.27 -0.3 0.32 -0.32 -0.32
ERA5 d 0.33 -0.21 0.35 -0.22 -0.28
SBRD paKiiDa 0.39 -0.15 0.27 -0:34 02
Station 04 011 0.09 -0.16 -0.27
ERA5 h -0.45 -0.86 0.02 017 -0.16
ERA5 d -0.44 -0.97 -0.17 -0.08 -0.14
EXTR I RaKiiDa -0:33 -0:8 -0:26 -0.02 -0:23
Station -0.35 -0.66 0.3 -0.02 -0.18
ERA5 h -0.84 -1.98 047 -0.29 -0.27
BRI ERASd -0.82 -18 0.48 -0.16 -0.23
RaKliDa -0.63 1.2 0.4 -0:3 0.15
Station -0.68 -0.95 0.22 -0.09 -0.23
ERA5 h 0.42 -0.01 0.58 0.27 -0.05
ERA5 d 0.38 -0.04 0.49 0.28 -0.07
CBRID 2 KiiDa 0.44 -0.07 0.47 0 0.05
Station 047 -0.02 0.29 0.42 -0.08
LCorrelation

ERA5 h 0.54 0.2 0.33 0.05 0
ERA5 d 0.56 0.23 0.37 0.1 -0.01
CBR0 R aKiiDa 0.51 0.15 0.31 -0.01 0.11

Station 0.55 0.21 0.11 0.21 0
ERA5 h 0.27 0.39 03 0.16 0.07
ERA5 d 0.06 0.29 0.29 0.22 0.06
EXTR I RaKiiDa 0.16 0.23 0:2 0.33 -0:01
Station 0.29 0.29 0.17 0.35 0.03
ERA5 h 0.21 0.06 047 0.07 0.01
BRI ERAS d 0.17 0.03 05 0.13 -0.01
RaKliDa 0.15 011 0.42 -0.01 0.12
Station 0.25 0.01 0.25 0.24 -0.01
ERA5 h 0.52 0.32 0.6 0.35 0.07
ERA5 d 052 0.36 055 0.37 0.07
CBRIO 2 KiiDa 0.55 0-29 0.53 0-24 0.21
Station 0.56 0.33 0.39 0.46 0.09

BIAS

GBRY0 | ERAS h | 0.85 1.15 [ 101 3.45 3.93
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ERA5 d 0.9 1.23 0.92 3.16 3.69
RaKliDa 0.94 1.29 0.88 3.14 3.97
Station 0.83 13 0.9 3.46 3.59
ERA5 h 0.76 0.85 0.63 291 2.97
EXTR ERA_S d 071 0.83 0.54 272 2.83
RaKliDa 0.74 0.95 0.53 279 311
Station 0.65 0.98 0.51 3.1 291
ERAS5 h 0.57 0.55 0.97 3.15 3.49
BR90 ERA§ d 0.59 0.57 0.9 276 3.16
RaKliDa 0.63 0.64 0.88 276 347
Station 0.55 0.69 0.9 3.01 311
ERAS5 h 1.05 1.12 0.96 1.01 2
ERA5 d 1 111 0.81 0.98 1.78
LBRO RaKliDa 11 12 0.8 0.82 2.01
Station 0.96 1.24 0.75 1.21 1.62
Variance ratio
ERA5 h 0.42 0.24 1.27 5.85 3.09
GBRY0 ERA§ d 0.45 0.28 0.73 3.64 1.88
RaKliDa 0.54 0.33 0.68 5.09 2.07
Station 0.56 0.33 0.74 3.39 2
ERA5 h 0.2 0.13 0.55 371 1.55
ERA5 d 0.24 0.13 0.5 2.83 112
EXTR RaKliDa 0.26 0.15 0.51 2.99 1.63
Station 0.25 0.16 0.58 2.92 1.25
ERA5 h 0.16 0.07 1.08 5.28 25
BR90 ERA5 d 0.17 0.08 0.84 3.05 1.42
RaKliDa 0.2 0.13 0.8 4.22 1.66
Station 0.19 0.15 0.72 291 153
ERAS5 h 0.57 0.33 13 0.56 0.97
ERAS5 d 0.52 03 0.96 0.55 0.59
LBRSO RaKliDa 0.57 0.32 1.01 0.38 0.73
Station 0.61 0.33 0.83 0.76 0.48
MAE
ERAS5 h 3.08 4.51 4.6 20.09 19.24
GBR9O ERATS d 2.95 4.69 4.17 17.68 17.65
RaKliDa 3.04 4.97 4.34 17.78 19.04
Station 3.13 4.83 4.92 20.19 17.09
ERA5 h 3.77 3.54 5.67 15.67 135
EXTR ERA§ d 4.23 3.86 6.42 14.12 12.6
RaKliDa 4.03 3.92 6.77 14.66 14.33
Station 3.96 3.82 7.07 17.21 13.04
ERA5 h 4.36 4.36 3.96 17.76 16.74
BR90 ERA5 d 4.39 4.48 3.76 14.49 14.61
RaKliDa 4.33 4.55 4.11 14.92 16.07
Station 4.42 4.27 4.49 16.53 14.22
ERA5 h 31 4.21 372 3.46 8.4
ERA5 d 3.14 4.05 4.07 3.38 731
CBRSO RaKliDa 3.13 4.28 4.23 371 8
Station 2.99 4.27 4.54 3.53 6.18
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