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Hydrological services provided by forests

* Assumption of the past was that more forest = more water yield
* Highly contested topic in the scientific community: Question of scale
* Demand-side: Forests use a lot of water:

* Intercept precipitation, evaporation and transpiration

* Forest vegetation may remove water from the local water
cycle, therefore decreasing downstream yields

* Supply-side: Forests may intensify water cycle at broader scales
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Hydrological services provided by forests

* Regqulate seasonal discharge

* Reduce flooding at local scales

* Large-scale flooding is influenced by
basin-wide relationships between
topography, runoff, regulation of water
storage (e.g. lakes), discharge,
groundwater tables tides etc.
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Hydrological services provided by forests
Maintain water quality

Reqgulate soil erosion and reduce sediment loading

» Stabilization of slopes
» Roots trap sediments

» Lower canopy leaves and ground litter reduce splash force
from precipitation

 Trap and filter water pollutants
» Generally no use of fertilisers or pesticides in natural forests

» Act as buffer zones between agricultural or industrial
development and water bodies
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What is WaterWorld?

* Free web-based spatial modelling tool
* Models hydrology and soil erosion

« Complete set of data included, but possible to use own data to refine
analysis

* Annual and monthly output maps downloadable in GIS formats

* Runs and compares scenarios of land use change and climate change
fast (full analysis in 30 mins)

* Simple to use: Chrome or Firefox

 Includes free training programme
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What WaterWorld does?

Provides a spatially detailed and quantitative estimates of
nydrological values, as well as understanding of
rological outcomes of scenarios (e.g. land use,

climate c

nange)
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What WaterWorld does?

* For anywhere in the world, produces a hydrological baseline for a 1950-
2000 baseline using more than 140 input maps.

* Does this at 1-hectare or 1-square-km spatial resolution and monthly
temporal resolution.

* Provides scenario tools for climate change and land use change

* Allows visualisation, analysis and GIS download of some 46 output variables

* Allows summary of outputs according to watersheds, administrative areas,
etc.
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Scientific principles

* Based on FIESTA model (Mulligan and Burke, 2005; Bruijnzeel et al, 2011)
* Process-based (rather than empirical)
* Not calibrated (e.g. to observed measured flows)

* Gridded representation of water balance (wind-driven rainfall + fog minus
evapotranspiration) (See Mulligan 2013).

* Changes in climate or land cover/use change water balances locally and downstream

* Erosion according to Thornes (1990).

Total fog deposition

combination
Forest Pasture
\ Wind-driven rainfall
edge
Runoff q

ﬂ Total fog impaction

- o
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How to use WaterWorld e
B i e Step 1 Define area

Run anywhere globally for
1 degree (100km) tiles at

1-hectare grain,
OR 10 degree (1000km)
tiles at 1-square-km grain.

e g [1dev) |t | Ok1s68 | Memi % | Losdione
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”) ecoengine - spatial policy support on the web - Mozilla Firefox =|F] x|
File Edit View History Bookmarks Tools Help
@'\ A Ilj | http:i1197..168.0.2 4R rri-hinfernaninfstart.coi 7 - 5% [M-Tcn [S]
) copy_to_workspace - Mozilla Firefox = |U|ﬁ|
ﬂ:m‘nu ial policy sup

WaterWorld

‘Welcome: (superuser) drmarkmul

Control panel

+: Online Support (ES, EN)
Available

waterworld was developed with

lecoengine: framework.

o

I|j |Ittp:,l,l1%.163.IJ.zﬂng-blrvsimterrafvl,isimterraful:lmle_mg.:ghmdd-ocnerglne&usanam-&mmdigmjlﬂ.cmﬂlmguage-en_g::&mmmmd\r—%zﬁu%ﬁwww%mmdd\hg%zﬁ.serdda%zﬁm ﬁ?

Use: Q | ecoengine for: waterworld .2 [.2dev] [non-commercial use] | Help | Disclaimer | f | | » drmarkmulligan » gerud » baseline » baseline » default | 5 =

Data ready.

show workspace data'_;f

Presence of mines (unique id)’_

Boundary layer wind direction January (degrees fro..”
Boundary layer wind direction February (degrees fr..”
Boundary layer wind direction March (degrees from i
Boundary layer wind direction &pril (degrees from .7
Boundary layer wind direction May (degrees from M)
Boundary layer wind direction June (degrees from N,
Boundary layer wind direction July {degrees fram N.7
Boundary layer wind direction August {degrees from..”
Boundary layer wind direction September (degrees .7
Boundary layer wind direction October (degrees fro..”
Boundary layer wind direction November (degrees fr..”_
Boundary layer wind direction December (degrees fr.._
cell area (fraction* 100000}

Study area ()7

Croplands (2000) (fraction)’_

Dams (unique id)’_

Mean sea level pressure January (mb)?_

Mean sea level pressure February (mb)’_

Mean sea level pressure March (mb)”_

Mean sea level pressure April (mb)’_

Mean sea level pressure May (mh)’_

Mean sea level pressure June (mh)i

Mean sea level pressure July (mb)’_

Mean sea level pressure August (mb)’_

Mean sea level pressure September (mb)’_

Mean sea level pressure October (mb)’_

Mean sea level pressure November (mb)”

i

9 download+

0 download+
0 download+
& download+
0 download+

gd_r_\\nmlnnd-l-
Y Step 2 Prepare data

(YN

. All data required for

operation available

.. globally (either new
:  datasets or datasets
:~ homogenized from
.~ existing sources).
;= > 140 maps required
2 If you have better data
; for asite you can use

.
B

B

nﬂ' —
B

B

.. B

=
5

TEERE

5~ those instead
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’) ecoengine - spatial policy support on the web - Mozilla Firefox

Ele Edt View History Bookmarks Tools Help
m (o | L1 | hetp:1192.166.0.248/cqi-binjecoenginestart. coi - e I':_"'|Google P
1

D W-Wpokynmu. if

simulation_controls - Mozilla Firefox
| 1 [httpii02.165.0.248cqit afv1jsimterrajsimulation]simulation.car
Use:eIxmhafu:watmmidv.zl.zdev][nmgmduse]Iﬂgmlgﬁgg‘m;_rl | » drmarkmulligan » peru” » baseline » baseline » default | G

Simulation started:

WaterWorld
- E @Pnusal @Slng‘ I

(You may close this window, break your connection or switch off the computer. The simulation will continue).
(If the refresh button does not refresh the progress bar, click 'Start simulation' again on the main menu to refresh this window).

27 %
activity ¢ 0 hydrology v2: calculating soil erosion... | remaining: 20 min
‘Welcome: (superuser) drmarkmulligan
[ Transferring data from 192.168.0.248.. m

Users first run a baseline
simulation to produce
' mean 1950-2000 baseline.
This 1s then used as
comparator for running
— - scenario or policy option
{lecoenaine: framework. b 4 2 2
= alternatives

2 Online Support (ES, EN)
Available

W current tile

| Done.
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Key outputs: Hydrology

* Process based spatial hydrological model

values=class values=class
base hase values=class
U . base
no data no data o datall
409.600| 80.670 T
507.800 140.700 e
606.100 200.800 =SSN
704.300 260.800 iETE
802.600 320.900 THEETN
900.800 380.900 =l
999.100 441.000 403.300
1,007 501.000 535.300
1,196 561.100 667.200
1,294 621.100 799.100
1,392 681.200 931.000
1,490 741.200 1,063
1,589 801.300[] | 1,195
1,687 861.300 1,327
1,785[] 921.400[] 1,459[]
1,883[] 981.400[] 1,591[]
1,982[] 1,041[] 1,723[]
2,080[] B 1,102[] 1,854[]
2,178 1,162[] 1,986[]
2,276 1,222[] 2,118[
2,375[ 1,282 2,250[
M 1otal wind-corrected rainfall (mm/yr) [ Total annual actual evapo-transpiration (mm/yr) M annual total water balance (mm/yr)

Wind driven precipitation Actual evapo-transpiration Pixel based water balance
(based on WorldClim) (Prec — ActkEvap + Fog inputs)
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values=class 2t : i 1 ' B style: | Hybrid
5‘ see tiled : no datal] i : Lo Y Y 3 ;

base
no data[] 1ha/1daa fhea ? 434.000] I
25,0001 o 1.515e+05[
3.010e+07[] ground 3.']253+|]5l
6.017e+07[ &
9.025e+07[l] 4.537e+05[ I
1.203e+08[] 6.047e+05[0 BNEIE
1.504e+08[] 7.558e+05[] IE
1.805e+08 AE
2.105e+08 9.069e+05[] |-
2.406e+08] 1.058e+06[] ik
2.707e+08[] 1.209e+06[] 2k
g.gg:e:gg= 1.360e+06[] IE
. e 3l B
3.609e+08[] 1.511e+06[] ik
3.910e+08[] 1.662e+06[] ik
4.211e+08[] 1.813e+06[] e
4.511e+08[] 1.964e+06[]
4.812e+08[]
5.113e+08[] 2.115e+06[]
5.414e+08[] 2.267e+06[]
5.?14e+08. 2.418e+06[]
6.015e+08 2.569e+06[]
2.720e+06[]
2.871e+06[
3.022e+06 [

¥l Tatal annual runoff averaged over Sub-catchments of

M Total annual runoff (mm) arder 8 classes {mm}

Annual runoff Runoff (water yield) averaged by sub-catchments
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Full wash erosion model

) values=class

values=class
base

21,230

En
S
~
o
~
~
o

95,540[] 7,768[]
1.008e+05[]

1.062e+05[ 8,631[ §

[ annual total gross soil erosion (mm/yr) Annual total soil depnition (mm/yr) [ snnual total net soil erosion (m/yr)
Gross soil erosion: detachment of Soil deposition: detached soil Net soil erosion

soil based on runoff, vegetation, that gets deposited
slope
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FOREST TO HERBACEOUS and HERBACEDUS TO FOREST: hanging farest cover replaces Forest (tree cover) with pasture or cropland (herb cower).Changes
Click the intervention tool you would like to use of between -99% and 99% represent selective defarestation and afforestation respectively. Deforest a given percentage per pixel of trees with e.9.-15 or refarest
by 5 given percentage per pixel of trees e.g. 15.5pecify where and by what percentage (per pixel) deforestation or reforestation should occur:

Use a pre-defined rule: -
These are applied additively in the arder in which they appear so that, for example deforesting land outside of pratected areas by 100% then deforesting mid
elevations by S0% will result in a scenario in which all areas outside of protected areas are tatally deforested but mid elevations (including those inside protected
areas) are deforested by 50%

O climate Change : assess impacts of climate change
@ Land Cover and Use Change : assess impacts of land use change

O Land and water management : implement land management policy options

O Change input maps : replace one or more of the input maps Deforest{-)/Reforest(+) each pixel by (..
O Extractives : examine impacts of mining or oil & gas Mame for my scenario |Defarest_al| |
O Population : examine impacts of changes in population and demography Land outside protected arease’ (%) |—WDD |
Land inside protected areass %) |D |
@ Submit choice Land near’ roadse and rivers (%) |U |
Land near’ existing deforesteds" areas (%) |U |
Cloge window Land at Low’ elevations=" (%) |D | &.g. for lowland forests
Land at Mid® elevationse" (%) |D | e.g. for montane forests
Scenarios for Climate Change and Land S L IE I

cover and use available Define converted areas as:Land use intensity:

@ Check and Submit

For example deforest all land outside PAs

no data[]
o.000f
42370
8.474f
12.7100
16.950

25.420[]
29.660[]
33.900[]
3s.130f]
42.3700
46.610[]
s0.85000
55.080[]
59.320(]
63.560[]
67.800[]
72.030[]
76.270[]
80.510[]
84.740l

Baseline tree cover Scenario tree cover
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Results deforestation outside protected areas scenario

values=class
base

see
3.147e+05[ I ground

1.473e+06[]
1.763e+06[]
2.053e+06[]
2.343e+06[]
2.632e+06[]
2.922e+06[]
3.212e+06[]
3.501e+06[]
3.791e+06[]
4.081e+06[]
4.370e+06[]
4.660e+06[]
4.950e+06[]
5.239e+06[]
5.529e+06[]
5.819e+06[1

M change in Total annual runoff (mm)

Deforestation leads to increased runoff
(less water use by trees)

values=class
base

no data[]
0.05001
252.400

Change in Annual total net soil erosion {mm/yr)

And increased erosion mainly visible around
channels which leads to increased sedimentation
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Analyse, visualise and/or download GIS maps

140.700
200.800/
260.800,
920.900
380.900
441.000[] §
501.000
561.100!
621.100
681.200
741.200
801.300
861.300
921.400(]
981.400!
1,041
1,102
1,162/
1,222
1,282

]

anspiration (mm/yr)

View in Google maps and query map at points

200 400 600 800 1000 1200
baseline: Total annual actual evapo-transpiration (mm/yr) (mm/yr %)

Analyse map histogram

14

00

e

Overlay in Google Earth
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Shivapuri, Nepal — Deforestation of IBA

P == o S,
Cover of tree-covered ground.|

baseline: Cover of tree-covered ground scenario: Cover of tree-covered ground
Min: O Min: 0
Max: 100 May: 100
Mean: 32 Mean; 31
Sum: 46,000,000 Sum: 45,000,000
Count: 1,400,000 Count: 1,400,000

values=class

download+

E] o G @ » x 0 50 @ T
Eseine Coerel bee couttec aroure (oecertace) e 0 Do U ke Coverat 0w DTN B0E

Ix3 5

Deforested protected area and replaced with
herbaceous cover. Results in decreases in water on
the forested cloudy N slopes but increases in the
already sparse S slopes (towards Kathmandu).
Impacts on erosion also variable

South fmenca ¥] Gos Gos @ 1at[p7-77955 o B8 37812 ey |
d

W Change in Total annual runaff (ma3)

e
[sonanera] co> co> @ 1T on fFEaee [ [

R Change in annual total net sail erosion (mm/yr)
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Where to
e afforest with

values=class

E w1 0% woodlots

3081l 2
22:;:= to 1ncrease
2270 ﬂ
2010 water flows.
-14.60[]
-1.89[0]
9.19[]
-5.49=
378
-1.08[0]
1.62[0]
AMasimbu 320
7.03[]
9.73[]
1243[]
15.13
17.84
PIMorogoro 20540
2324
AssumminnsEr
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Limitations
* Provides estimates of hydrology per pixel, for erosion

especially, local (sub-pixel) level characteristics can have a
large impact

* Uses global datasets and assumptions which are not
calibrated locally

* If your catchment crosses two tiles you need to run both
separately and stitch a GIS software.

* You run on WaterWorld’s servers so only a limited number of
simulations can be stored. Download results and delete
simulation to start a new one
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Thank youl!

Xavier.DeLamo@unep-wcmc.org
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