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A pollutant has often
multiple effects on different scales
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An abatement measure has often
multiple effects
(Co-benefits/negative side-effects)

Abatement Main | Global | Regional Local
Target
Increased energy efficiency CO,
Fuel substitution: SO,,
Coal — Oil — Gas COy,
NOX
Removal of black carbon PM
emissions
Removal of SO, and/or particles SO,
Renewable energy- biomass CO,
Renewable energy- CO;

sun/wind/wave

Impact
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Most abatement actions "
have also negative side effects

* Many examples:
Freon in spaycans— Hole in the ozonlayer
Biofuel — food shortage

Windpower _ R4
— visual pollution, stakeholder conflicts Tonco, )

. . =2l f—
Removal of particles in fluegasses
— increased acidification AP Al-hydroxy complexes
Energy-saving light bulbs Toxic Non Toxic |

— emission of mercury

4 5 6 7 8 9

Electrical cars
— Increased g|0ba| COZ emISSIOn? Acidified Lakes Eutrophic Lakes

Reduced acid rain
— increased eutrophication

And so on..

ensinbil  Hybridbil E-bil
(kull)

El-bil El-bil
(LNG) (vannkraft)
£ g
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Holistic approach

» A necessary basis for good decision-making
and effective environmental policies on our
Increasingly complex and integrated

environmental challenges

e The researchers' role is to
provide such knowledge
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SEI 2007
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Sustainable
development

» Enable decision makers
to establish knowledge based abatement strategies
on environmental challenges
thereby ensuring a sustainable development

Sound
Economic
Production

Sustainability implies
positive solutions for all components

Needs for environmental protection Epgt'éga
are balanced against limitation
posed by social harmony and
economic production

> To obtain this knowledge, integrated assessment studies
of the ways pollution and inadequate resource management
affect the environment and humans are required.




Call for Trans-disciplinary environmental
knowledge assessment

Research




Types of Collaboration

« Multi- or pluridisciplinary Multi-Disciplinarity

o S no cooperation
- The combination of several disciplines i ﬁ h

that are concerned with one problem,

but without intentional integration Pluri-Disciplinarity

(cooperation without coordination)
e Interdisciplinary j !

o The integration of
two or more disciplines
to solve problems

Inter-Disciplinarity
(coordination from higher level concept)

o Transdisciplinary

- Development of integrated knowledge Trans-Disciplinarity
and theory among science and society  (cooperation across sciences)




Types of Collaboration

e Multi- or pluridisciplinary

o The combination of several disciplines
that are concerned with one problem,
but without intentional integration

» Interdisciplinary

° The integration of
two or more disciplines
to solve problems

» Transdisciplinary

- Development of integrated knowledge
and theory among science and society
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Society’s
response
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Improved policies
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Improved policy
implementation

e S

Improved technology

Bﬁz_;bjj Drivers

HEWHAEF"  Energy production
Tdk4®  Industrial production
Witk Urbanization

IR B Transportation

1Y I

FEJ3/MHE Pressures

BHiGY  Air pollution
B5{5Y  Water pollution
Bk Water scarcity
T35 H Soil pollution
EHBIE  Land degradation
SM%EA  Clinate forcing

LY 1

IRA State

s fih. o Air quality
AR Water quality
TIFIHRIKEI Water availability
TR Soil quality
EMEREME  Biodiversity
AR State of climate

[ ¥\

=W~ - Impacts

eI Health effects
HEMERPERER Loss of
biodiversity

KEEZE Lack of water

KESRH R B

Naturels
response

G/ E 2 6!

Changed biodiversity

HERO HIE S

Changed environmental
status

Drivers: Population growth,
consumption, energy, travel
Pressures: Side effects of drivers
(Emissions to air and water)

State: Resources, Pollution,
Chemical & Biological state of
Water, Air, Soil

Impacts: Climate change,
eutrophication, vegetation damage

Nature’s Response: Changed
biodiversity, change in eco-system
services, feedback mechanisms

Society’s Response: Adjustments,
environmental protection,
adaptation, environmental
technology, policy, legislations, taxes



Drivers for Interdisciplinary in environmental
knowledge development

—_— a2
AR

» Increased societal legitimacy and . i
improved research relevance Economics/social science

Environmental research must meet
societal challenges

* Problems discovered by knowledge
Need to be solved with knowledge

» Problems caused by knowledge,
"can't be solved by using the same kind

of thinking we used when we created them” _
Social

science

1

' %

» Generates opportunities for
scientific innovation
through cross-fertilisation and
knowledge integration
(the essence of inter-disciplinarity)
» Scientific curiosity is driven by scientific skeptici

- more prone to be held by outsiders than in the
of a disciplinary ‘hard core’
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Building bridges

 Bridging disciplines

» Bridging approaches: modeling and observations
— common research site

 Bridging spatial scales

» Bridging time scales and weather extremes

» Deterministic and probabilistic approaches
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Science to policy interaction

- Integrated assessment

I\/Ionltormg

“The deposition below which
significant harmful effects do not occur all
aCCOTdIng to present knOWIedge DECEMBER 1994

PRESS ENTER TO €
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Thel2th. Five year plan
Scientific development
Ecological progress

Chart 10. A road-map for the 12th Five-Year Plan (2011-15)

Accelerating transformation of China’s economic growth
madel te focus more on quality & sustainability of growth
{Likely to target lower GDP growth in 2011-2015)

Higher demastic demand Lower carbon Intensity
(esp. consumption) (40-45% reduction by 2020)
|
| | |
Table 35. The new Magic 7
Emerging strategic industries Main content
Energy-saving and environmental ~ Energy efficiency, advanced environmental protection, recycling
protection
Next generation information Next-generation communications networks, Intemnet of things, network convergence, new flat panel display,
technology high-performance integrated circuits and high-end software
Bio-technology Bio-medicine, bio-agriculture, bio-manufacturing
High-end manufacturing Aeronautics & astronautics, marine engineering equipment, high-speed rail, high-end smart equipment
New energy Nuclear, solar, wind, biomass
New materials Special function and high-performance composite materials
Clean-energy vehicles Plug-in hybrid vehicles and pure electric cars

Source: State Council (hittp://www.gov.enddhad2010-09/08/ content_1698604. htrm)
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Tidbits and experiences from
our interdisciplinary research

~ 3
» Acid rain e
> IMPACTS __
» Eutrophication BoB
> Eutropia —E—
- SinoTropia

* SINCIERE
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NIty S IMPACTS

Integrated
,.,;: Monitoring )
i Program on
' Acidification of
Chinese

Terrestrial (A
Systems
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Acid rain — An European success story

of interdisciplinary research
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1.6
1.4
1.2
1.0 1
0.8
0.6 -
04 -

0.2 - - . .
00 2 S-deposition in southern Norway Bk

1850 1870 1890 1910 1930 1950 1970 1990 2010 20307-

» Emission reduction protocols were developed

as more knowledge was acquired

from integrated monitoring programs
& % finalizing in the Gothenburg multi pollutant — multi effect
> protocol

S dep (g/m2)
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What about China

30 +
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SO, emission (million tons)
o

1930 1930 1970 1990 2010
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The IMPACT project: T
Integrated Acid rain research o
at 5 sensitive sites

Nin
China

LGS,
*Guizhou

-

TSP
ChongQing

Precipitation pH isolines
pH < 5.6

pH < 5.0
pH < 4.5

pH < 4.0

Area of acid rain control zone
Location of the IMPACTS monitoring sites Gu ang Don g

g

IMPACTS
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Integrated research
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A few major findings from IMPACTS

» Substantial reactive Nitrogen emission and deposition
> NOx contributes considerably to acidification

- NHj increases the pH of precipitation
though acidify the soil- and surface water

pH alone is not an indicator for acid rain

0.8 4

CalAlin soil solution

06 -

04 -

0.2 -+

Tie Shan Ping, plot C

Example: TSP 2003

40% reduction in S deposition
20% reduction in S deposition
Constant S deposition

Const. S, 20% reduction in Ca

1980

1990 2000

2010

2020

2030

2040

2050

Ca*"

osition



Processes governing leaching of
Phosphorus fractions to surface
waters and effects of changing

environment
RCN, Miljg2015 -Tvers
2009 - 2013
Ya
;;-‘:.' CIENS
&7 v(\ﬂ oo
M orosio Nl V1'-' /@ NINA ,1| NBR | ® ; ;!- B;%,Sk
T. Andersen, O. Rgyseth et D. Barton G. Orderud ‘ E. RomstadM. Beckman et H.
A. Engebretsen al.
R. Vogt et al.

al.

Gunnarsdottir


http://www.bioforsk.no/Main.aspx?viewLanguage=no&Global=true
http://www.nina.no/
http://www.ciens.no/
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The problem

@Eutrophication is the main cause for
poor water quality in agricultural districts

l._. I.- 'S -
"'!.-
'-“ -n- - e
I. R_ PN
- - :

Miljostatus.no
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Knowledge

— the key to collective action

 The low hanging  We now need to
fruits are already persuade the farmers
picked to step-up their
- Reduced fertilizing efforts on sub-optimal
> No fall tilling abatement actions

> Vegetative buffer strips
- Wetlands

This can only be §
Increased know
actions so far haE==t
any affect.. — thi
science kicks in..
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Sustainable management

* Abatement measures need to
be assessed in regards to
cost-effectiveness and an
analysis of land users’/farmers’ §
response to the these measures

- Especially an assessment of
probability of implementation
IS lacking from previous
assessments of measures




The cause for lack of effect of abatement
actions is a changing environment

» The effect of abatement actions are disguised
by the effect of changes In:

o Climate
o Decline in acid rain

Global surface warming (*C)
Lo 2N e a0 o
b = L] o L] L] L] L]

| | I | | | | |
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Changes in climate during the last 20+ years

» The amount of precipitation and the frequency of heavy precipitation events
have increased and been above the norm during the past 20 years

Generates more surface runoff and flooded soils

* Average winter temperature has been 2°C over the norm
during the last 25 years

Leads to more frequent thaw periods on barren and frozen soils

DrAaninitatinn in 04

Winter temperature S\ i e
. deviation from norm (P 1ip tatior
’| I|.|1!.J?1| LN AT
FRES | \—11 | 3 .\,-/i | I
201 ‘ | ! -0
| "‘\l\,,r-/ﬁ\ | /\h_.,.—f\ e el
10 [’ I i ! J \ _/ Temegmturan ranerel )
’ 201 ; 'r temf Fature
Y |
5\\ 2 1363 1530 138 . \//\ "
E:D_ e ' _ 4 . | |
it ‘ 25|years
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Met.no
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Increased surface runoff

Agriculture &

Horizon and depth

e Increased erosion

Ap1(0-10c
Ap2 (1020 ¢
Ap3(20-30 ¢

Bg (30-40¢c

Bg/BCg (40-50 cm
BCg (50-60 c
BCg (60-70 ¢

C (70-80 crnie
C (80-90 cmit:
C (90-100 cmix e

c(2

-+ Large amounts of PO, b
In the plough Iayer (Ap) and in the forest floor (0)

sodes

- . 60
L/s discharge

80

Paths of water from
‘*1 - v slopes fo streams:

1 1. Groundwater Flow
. “i 2. Shallow Throughflow
. '\l 3. Overland Flow
k(A3 a Saturated ground

i };?ected in Itratto
’ [unsaturate groun

. h jact SR Al
/ - Perenial Stream
~ Location where gmundwatar rises
to the surface to pmduce a saturated area

Bog

100
Desta, 2013



Effect of precipitation on P in Vans|g

Good inter annual co-variation
100 - DEtween precipitation amount and Total-P  _ 5

1200 IRT:
;;"mnn -
+ 20
E a0o0 =
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5 500 =
-
B 10
8 400 4 + precipitation
= TOTP
A . :
200 4 —_— PEr. Mow A T
— 2 DB MOy, A
I:I T T T T T T I:I
1975 1980 1985 1840 1945 2000 2005 2010
Year

T. Rohlack, NIVA
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Milder winters

» More frequent runoff periods during winter
> Increased surface runoff and erosion due to soil frost and fall tillage

Lo N

S

Total P at S

ol
o

]
=

P g/daa/day
8558

|_\
A &
Discharge (L/s),
Temperature (°C)

-D‘teﬁ" : R :
estimated tot P (g/daa/day) =~ Runoff (L/s) _ - . Temperature

Total P at Stgal duringvé relatively cold Winter,' 2009/2010

(¢

p g/daa/day
H
(@)
Discharge(L/s)
Temperature (°C)

o o

o Large flux of bioavailable PO, due to no assimilation Parekh, 2012
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Reduced S deposition
over the last 25+ years

» SO,%, which in acid lakes in
southern Norway constitutes the
dominant anion charges, has
decreased by about 70%

—This has led to a 66% decrease
In labile Al leaching

—and an doubling In
leaching of DNOM

16 - Sulphate deposition in southern Norway

0.2 4

0.0 T T T T T T T 1
1850 1870 1880 1910 1930 1950 1970 1990 2010

||||||

Skjelkvale et al., 2007
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AlP* is used to remove PO,

1.4Al3++ PO4_ 3_+ 1.20H™ - Al1_4p04(0H)1_2(S)

* In sewage treatment
plants

* In treatment of
eutrophic lakes

l_ DOLLAR LAKE
30
:

25} <
N o
4 ALUM APPLICATION o
=20} z
< '
R :
Ot - )
d -
x

10}

o
st * -
» vy .I.J ' o

MJJASONDJFMAMJJASONDJFMAMJ JASONDJFMAMJ JASOND JFMAMJ JASOND
1973 1974 1975 1976 1978
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Distribution of land-use

- Most watercourses drain forests areas and passes agricultural land
downstream before entering the lake

Google earth
C 4



100

Precipitation of PO, | M‘x

with Aluminium T e

20

ug L1

Skjelkvale et al., 2007

« Aluminium that was leached out of acid sensitive forests = = » = = = =
drained down into agricultural land where it mixed with PO,
rich seepage with higher pH

» AIl(OH), precipitated and co-precipitated PO,

» With the decline in acid rain
we have lost an important mechanism for PO, removal

1.2
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Transport of P 7
. o 30
with DNOM g
O 20
. of PO, accounts for 39% of the &
total P load ol
PO, is in natural systems transported with DNOM
» There has been a doubling in the concentrations of 0 ___RonVazetal, 1992
DNOM 0 0.1 0.2 03 04 05

DOP (mg P L™
» The background flux of PO, has

thus likely doubled

40 4 —* Skul.
—a— Oset

| ——Lang. )/1\\ 7\/ ToC ”,

22 —e—Alun. 7// | Lf.’
A AN TIT AN

e L N AN T

N OO/ \/NA/\/
\W

Farge, mg Pt/
N
o

Skjelkvale et al., 2007
O T T T T T T 1 T T T T ™ 0
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Important nature
science knowledge

» More precipitation and

milder winters have led to 16 -
greater flux of P: E
> By increased surface runoff 10 -
L N P
08 (o day”)

-0.5-0.4-0.3-0.2-0.1 0 0.1 02 03 04 05

through only P rich 06

surface soils 04 / —

S dep (9/m2)

0.0

» Decline in acid rain has led to: 1650 1670 1500
o That an important precipitator (Al) of bioavaila
> Increased background flux of DNOM-P

ble PO,

BB
S

BT T T T

-05-0.4-03-02-0.1 0 01020304 05

Conclusion: Without the abatement actions the
conditions would today have been much worse!




of Chemlstry
Umver31ty of Oslo

SinoTropia

Watershed Eutrophication management in China
through system oriented process modelling
of Pressures, Impacts and Abatement actions

« CAS/RCN Bilateral China — Norway
Project
2011 — 2014

£

‘ g‘ i couensmansmsmensy | QO 2 OF OSLO NIV3- 1l NIBR
HECCE Morwegian Institute for Water Research

Norsk institutt for by- og regionforskning

M. Yang P. Jiahua T. Andersen, K. Tominanga O. Rgyseth  G. Orderud
W. An L. Meng G. Wibetoe, C.W. Mohr J. Naustdalslid
B. Tian P. Qimin R. Vogt, B. Zhou

X. Lu
X. Deng




Ui0O ¢ Department of Chemistry
The main issue

e 60 - 70% of the surface water resources
In China have too poor guality

o Eutrophication is the main cause
for poor ecological quality

e e
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What Is the solution..?

o Can we deal with
eutrophication?

> Are the abatement actions
appropriate?
Are we targeting the right sources of nutrients
and form of nutrients?

Are the effects of our abatement actions disguised by
changes in other environmental pressures?

- Are the abatement actions
politically and/or socially feasible?

What barriers or thresholds in society hinder the
implementation of abatement actions?

Is there sufficient knowledge of stakeholder interests?
What motivates collective action?

- What can we do next, together?

We have already used the obvious abatement actions

What do we do next? How do we decide the best next
step?
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Thesis

» By adopting a trans-disciplinary approach
to the eutrophication challenge, i.e.
by integrating natural and social sciences
with policy - we will improve:
> Policy-making process
> implementation of relevant policies

In order to achieve water resource management

that meets society’s needs

Monodisciplinarity

.n 25

cross-disciplinarity
BIE!!!ﬂ-

multi- disciplina ri‘tgI

lnterA'.ils»cu.'.il||'|.a|'|t'||I

aaa
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Hypothesis - Processes

» The role of particle transport of nutrients is
likely overestimated. Most of this material is
mainly buried in the sediments

» More frequent and intensive rain episodes
enhance eutrophication due to increased
erosion and leaching of nutrients
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Hypothesis
- Models

» Models need to be adopted
to Chinese environments

> The main governing processes
may not be the same
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Hypothesis
— Societal response

» Knowledge -

- Of stakeholder interests
and learning processes
are essential for the success
of the public policies
abating eutrophication

- Constitute a necessary basis
for sound environmental
management through
facilitating collective action
and public policies

ry

Not Guilty ‘ Guilty

=
u
FS
Not Guilty

'-4..

oY)

2 Years

| # | |
-8

5 Years

e

Guilty

‘1l 1 Yr.

5 Years

IJ*

| ad

3 Years




Field Monitoring
Sampling
Data and analysis Data

Ui0O ¢ Department of Chemis

SinoTropi
p Analysis of P- Conceptual
fraction [ | process studies

Research Strategy [t ] [ = 7

Citizen
response

Nutrient
sources

guestion-
naire

» The hypotheses are tested through
iIntegrated works packages

Compliance
with science

4

Barriers and
thresholds

WP1 Field sampling and chemical analysis

against
. b
WP2 Catchment processes - the influence of land- et N
use and climate on nutrient fluxes into aquatic i responses to
SyStemS. changes in
Predicted societal pressures

responses to
abatement actions

Modelling of catchment and lake processes

WP4 Societal processes and
management procedures

Suggest abatement
measures

WP5 Nutrient management plan for

__Yugiao reservoir \\ML
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=
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S

P fractions

Large variation in soil water
Surpriced that P is not higher at high
flow, especially the particle bound P

8,0

Total P
mTotal P
Max
Min
=Median
Rain Soil water  River  River high

flow

Median Rain water

Organic P
7%

Particulate P
40 %

Median Soil water
Organic P

13 % I

Median River

Organic P
12 %

|

Particulate P

64 % ’

Median River high flow

Organic P
6 %

Free PO4
24 %

Particulate P
24 %
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P In soill water

Surprising high values in orchards

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0,000

Phosphorous in soil water

= Avg

max

min

-Med

& B0

Forest Farm Orchard  Vegetable

High Free PO, in Orchards
- Due to over-fertilization?

100 %

90 %

80 %

70 %

60 %

50 %

40 %

30 %

20%

10 %

0 %

Forest

Farm

Orchard Vegetable

u Free PO4
mOrg P
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2,0 -
1,8 -
16 -
1,4 -

512 -

210 -

Q08 -
06 -
04 -
02 -
0,0

P fractions: Large differences between streams

Beixinzhuang bridge

Free PO4
=4 Particualte P
=&—0rg-P

Surprising high
values from

mountain stream it Q

5.7.

10.7. 15.7. 20.7. 25.7. 30.7. 4.8.

Liuxiangying river

Free PO4
=¢=Particualte P

== Org-P

29.8.

2.0
18 -
16 -
14 -

512 -

21,0 -

208 -
06 -
04 -
02 -
0,0

Lin river bridge

Free PO4

Only P bound to
particles in large
stream

—¢=Particualte P

=&—0rg-P

9.7.

2,0 -
18 -
16 -
14 -

S1.2

£ 1,0 -

208 -
06 -
04 -
02 -

9.7. 9.7.

Xiaojugezhuang bridge

Free PO4
=9 Particualte P
== 0rg-P

0,0
20.6.

30.6. 10.7. 20.7. 30.7. 9.8.
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Liuxiangying river

9,50 -  When the Turbidity - 9,00
9,00 | Increases the pH, Alkalinity - 8,00
850 and TIC decreases | 700
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Planned output

» Nutrient management plan
for Yugiao reservolir

> Including a conceptual model for
pre-warning of algal blooms
and pollution control for blue-green algae
— pilot implementation in two villages

e Improve public awareness
regarding nutrient pollution
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Working together?

» Preservation of water resources
through precautionary principle
> Solving the problem up-stream

rather than end-of-pipe

» Partnership in a innovative and
Inclusive project with a trans-
disciplinary approach

e Contributing to the Tianjin goal
of scientific development and
social harmony

TEsGach

LR
i ¥

transdisciplinarity
ok 3

o lertal




SINCIERE

Sino-Norwegian
Centre for Interdisciplinary
Environmental Research

e Sponsored by:
ay

£ #9% UNIVERSITY
: 0P/ oFosLO

2 The Research Council of Norway


http://www.ciens.no/

Ui0O ¢ Department of Chemistry

Our SINCIERE Vision:

To act as a catalyst and mediator for cooperation

between China and Norway
within the field of environmental research

- Facilitate interdisciplinary and policy relevant research and
serve as a node for a broad network of associated institutions.
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Some experience

« Common goal Is necessary
for good cooperation

- Modeling promotes the interdisciplinary collaboration by
concretizing the common goal

 Important to have clear roles and respect for the
Individual's academic integrity and platform

- Respect for differences in approach:
Inductive — deductive

o Interdisciplinarity requires participation outside your
comfort zone

> Time to establish trust
» Polymath hampered by lack of polyglot
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Some experience cont.

» Cooperation is best achieved through
physical co-location

- Common research site make it possible to
generate sufficient data

o Easier to work together "out there" than in office
 Interdisciplinarity enables cross-fertilization
» Coupling Nature - Social Sciences and users:

o Leads to that we are better able to ask the right questions
and see the relevance of our studies

> Facilitates the practical work in the field through
collaboration with local stakeholders

- Enable us to indentify the relationship between land use /
activity and environmental parameters




Thank You
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