Groundwater interactions
with the land surface
fluxes. Introduction of a
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Dynamic Groundwater Scheme

The LEAFHYDRO dynamic groundwater scheme was first
presented in Fan et al. (2007) and Miguez-Macho et al. (2007).

Initial condition EWTD calculated as the long-term balance ds 8

between vertical recharge (P-E-Qr) and the topographically driven e’ = Ax AyR + 2 Q _ Q
lateral flow (Fan et al., 2007, 2013) dt n r
Dynamical behaviour of the groundwater reservoir and its n=1

interactions with the land-atmosphere system:
I ARIM CIIDEASE

« Groundwater recharge: Water flux between the groundwater
reservoir and the soil. Depending on the soil wetness and the
atmosphere demands, the recharge can be downwards,
causing the water table to rise, or upwards, causing the water
table to deepen.

Fan et al, 2013

» Lateral groundwater flow: Water flux to or from neighbour
cells within the saturated groundwater reservoir. This flux is ~ Aquifer hydraulic conductivity can either....

governed by topography and the water table head elevation in decrease exponentially or remain constant with depth
the cells with depth (as in (as in most groundwater
: LeafHydro) models)

* Groundwater-river flow: It can occur as groundwater
discharge (subsurface runoff) into the streams when the water
table head is above the river bed, maintaining the streams
baseflow, or as river infiltration to the groundwater reservoir
when the water table head is below the river bed.
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Depth to groundwater (m)

1453 14.58 14.61 14.63 14.63 14.62 14.60

Groundwater pumping can be
introduced as prescribed data (i.e.
time dependent)

New development by BGS 14.98 15.06

14.66 14.69 14.66 14.64

14.78 14.82 14.80 14.75 14.70

15.34 15.51 15.36

15.51 - 15.53

15.35 15.53 15.38

Drawdown from

. 15.09 15.04
extraction well

14.88 14.87

14.80 14.79
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Applications (out of HJ)
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Martinez, 2016 (Journal of Hydrometeorology): full integration with the DGW scheme into Noah-MP over Southern SA at 5/20km resolution


https://hess.copernicus.org/articles/23/4909/2019/hess-23-4909-2019.html

Implementation into JULES

Opened ticket #532 to implement the Dynamic GroundWater scheme from LEAFHYDRO in JULES.

Branch:

https://code.metoffice.gov.uk/trac/jules/browser/main/branches/dev/albertomartinez/vn5.2 dgw leafhydro

bgs

e New flagl_dgw to activate the scheme, new flag |_const_k

and new variable dgw_freq in jules_hydrology.nml

e Readinzw_eq_gb, fdepth_gb and other ancillary
datasets from a gridded file or as constant values in
a new namelist jules_dgw in the ancillaries.nml file

* Added zwd, gwrech, glat to possible outputs

g——

File Edit Search View Document

s -~ B - ¢ X
4« jules_hydrology.nml b5
1 &jules_hydrology

2 b _pdm o

3

4 47D 0,

5 1 const k=.true.

[} 1 dgw=.true.,

7 l_ me. ,

8 1 spdmvar=.true.,

9 1 top=.false.,

18 slope pdm max=6.@,

11 /

12
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1anC|IIar|esnmlx jules_hydrology.nml =

< Q|

analyse_dgw_1!

rose-app-fexpbgsl5m.conf x

1 &jules_frac
2 file="/gws/nopw/j@4/1spceh/DATA/E20BS /wr) ch @p25deg capUM6.6 E20BS Africa.nc’,
3 frac_name='frac!
4 /
5 es_dgw
const_val=2.0,1.0,1,1,625000000,70,1.e-3,0,0,-999.,-999.,0.2,9.8,
7 file="/gws/nopu/j@4/hydro_jules/data/scratch/albmar/dgw ancils/Africa/dgw parameters Africa.nc",
8 nvars=13,
9 use_file=.true.,.true.,.true.,.true.,.true.,.true.,.true.,.true.,.false.,.false.,.false.,.true.,.true.,

var='zw eq','fdepth', 'elev','anis’, 'areab’,'z river','rc eq','rc_ a','rc_in','grid x','grid y','sy',’
mugne="zw_eq_Fan','fdepth','elev', 'klat’,'areab','z_river','rc_eq 3','rc_a’','rc_in', 'grid_x' ‘g

N

Working with Doug Clark (UCKCEH) to improve the code and make it to the trunk (already in v6.3)
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https://code.metoffice.gov.uk/trac/jules/browser/main/branches/dev/albertomartinez/vn5.2_dgw_leafhydro_bgs

First regional test (REP project)

* Improved hydrology for Reginal Environment Prediction (MetOffice)

* Rose suite: https://code.metoffice.gov.uk/trac/roses-u/browser/c/k/0/8/5

» Closed collaboration with BGS colleagues to provide ancillaries datasets
« 2007-2012 6-years simulations over GB

BGS Depth to Groundwater i
Dataset - A

Mean Water table depth [m], WT run (https://www.bgs.ac.uk/datas

ets/depth-to-groundwater/) Legend
. Depth to GW (m)
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https://code.metoffice.gov.uk/trac/roses-u/browser/c/k/0/8/5

REP project: River flow metrics

1 50% catchments

1NN 93% catchments
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Africa instance: HydroJULES task 4.2

Rose suite: https://code.metoffice.gov.uk/trac/roses-u/browser/c/d/4/3/9

Closed collaboration with BGS colleagues to provide ancillaries datasets

2000-2015 15-years simulations at 0.25deg resolution
Drivers from eartH2Observe (WFDI + MSWEP)

Mean Water table depth [m], WT run

UK Centre for
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Fig. 4 — An initial estimate of depth to groundwater in Africa.
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https://code.metoffice.gov.uk/trac/roses-u/browser/c/d/4/3/9

Africa instance: HydroJULES task 4.2
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Africa instance: HydroJULES task 4.2

Mean GB, Very-shallow water table regions, wtd < 5m

Regions of Very-shallow Water Tables
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Summary and future work

DGW.

- The initial results showed here are encouraging, with the DGW scheme ...
connecting groundwater to the JULES surface hydrology over a large

part of the domain.
- Groundwater is maintaining baseflow.
- Wetter soil results in altered ET fluxes.

Next steps:

- Validation of the position and time evolution of the
modelled water table depth using observations from
BGS data (collaboration with TerraFIRMA project).

- Further study of seasonal variations in different
catchments.

- Study the impact and behaviour of the lateral flows of
groundwater.

- Assess the impact of different configurations (ZBOT).

- Validate the river runoff outputs using river flow
observations.

- Validation of changes in ET shown here using in situ
measurements from flux towers or continental scale
ET estimations.

UK Centre for
Ecology & Hydrology

We have presented the first continental scale simulations using JULES-
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THANKS
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Groundwater Recharge (within resolved soil layers)

o ) LAND SURFACE
» Assume equilibrium (no vertical flux) between A
saturated portion of layer 1 and saturated layer 2

a(V+2) 0 ) Y —-Yr=2z,—2)

az

b
- Applying Brooks & Corey w=uy; (r:]—f) and provided oy IR

that layer 2 is saturated - Layer 1|y, 5

‘W WATER TABLE
—

Vs )Ubl haw[™
Layer 2

Negq1 = N1 (u’fz tzy—21

* Now distributing evenly the soil moisture in layer 1
from the soil fluxes subroutine

h1— wtd wtd — h;
o

f)1=f)eq1(h1_h2 hl—h2)l

Nfh2 —Neg:h1 + nNi(h1—h3)

Ni—Neqy
* Move the water table Awt from the previous position, and calculate
the recharge as the water needed to fill or drain the pore space

between saturation and present equilibrium water content in the — _
unsaturated portion of the layer after the water table movement R = AWt(nfl nec“ )

UK Centre for
Ecology & Hydrology

wtd =




Groundwater Recharge

Water table within soil layers Water table below soil layers

From Niu et al. (2007), not in the original
LEAFHYDRO, recently introduced by BGS

UK Centre for
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Groundwater Lateral flow

« Lateral flow from the nth neighbour applying

Darcy’s law

Wfdn - Wtd sea level .
Qn=cT
[
oo
* Flow transmissivity T = J ,l(,_f dz’
—wtd

« The model uses the anisotropy ratio
a = K a IKysar @Nd exponential

decrease with depth for K¢, Aquifer hydraulic conductivity can either...
decrease exponentially or remain constant with depth
with depth (as in (as in most groundwater
LeafHydro) models)
K K
> >

We can use an estimation of the
bottom of the aquifer as a parameter if
we have it

K=K =
New development by BGS o exp(-2/f)




Groundwater-river flow

Gaining streams, applying Darcy’s law

Kb\, _ }
Qr= (b) (Wr D Lr)(Wth—2)
rb _
Krpw,>'L
* Define river conductance == RC=$&
rb

« RC parametrizedas RC = ERC - F(wtd — ewtd)

 The ERC represent the long-term hydraulic
connection rivers-groundwater in a cell, so in an
equilibrium situation:

AxAyRit+ Y0 _, Qn
ewtd— z,

8
Qr = AXAYyR+ > Qp — ERC=

n=1

* Losing streams, b,, and the distance between
riverbed and water table cancel each other:

Qr =—Krpwy Z Lr

UK Centre for
Ecology & Hydrology
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F (wtd - ewtd) represents the RC deviation from
equilibrium as a response to the channels
expansions and contractions caused by
seasonal hydrological changes

F(wtd — ewtd) = exp[a(wtd — ewtd)]

where a = 0 in steep terrain, and a = 1 where the terrain
slope B satisfies 8 < 0.2
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