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1. A multi-scenario ensemble stream flow forecast method for Amu Darya River Basin

under considering climate and land-use changes®

Hydrological models have been widely used for simulating hydrological
processes and responses at various scales and regions, which use input parameters
and re fined mathematical models to simplify the natural hydrological processes
(Abbaspour et al. , 2015, Liu et al., 2017, Li et al., 2017, Woldesenbet et al. ,
2017). For most hydrological models, climate and land-use changes can greatly

affect the accuracy of parameters, and these changes are also the two most critical

in fluencing factors in the hydrological cycle (Ahiablame et al. , 2017, Mekonnen

et al. , 2018, Chenet al. , 2020). Climate change directly af fects evaporation and
stream flow recharge , and land-use change also balances the processes of intercep-
tion, surface streamflow and groundwater replenishment (Yira et al. . 2016,
TorabiHaghighi et al. , 2020). Complex interaction between climate and land-use
changes may accelerate or slow down the hydrological processes together or sepa-
rately » which makes streamflow simulation more dif ficult (Marhaento et al. .
2018). Therefore, assessing the impacts of land-use and climate changes on
hydrological processes is desired for identifying the potential magnitude of these

changes as well as improving stream flow simulation and /or forecast accuracy.

@® Xu, Z.P., etal., A multi-scenario ensemble streamflow forecast method for Amu Darya River Basin under consid-

ering climate and land-use changes. Journal of Hydrology. 2021. 598. p. 126276.
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WG IR . SOP R RIZ 3 o B S TR . IR XM S k.
Previously ., a number of research works were conducted for investigating the
impact of climate change on hydrological processes in a number of river basins,
such as Yangtze River Basin (Suet al. , 2017), multiple river basins in Cali fornia
(Grantham et al. , 2018, Mallakpour et al. , 2018), Indus Basin (Hassan et al. ,
2019), Ashuelot River Basin (Wang et al., 2020), and Qu River Basin (Gao et
al., 2020a). Inthese studies, global climate model (GCM) is useful for simula-
ting climate change (Vetter et al. » 2017, Kang et al. , 2019, Wang et al. , 2019a,
Lee et al. , 2019). Due to the complexities of GCM in terms of parameter estima-
tion and model structure, there are many uncertainties (e. g. , dif ferences caused
by wvarious boundary conditions and driving factors) in the processes of regional
climate simulation (Zhuang et al. , 2018, Mei et al. , 2020). The impacts of un-
certainties cannot be ignored when using a single GCM , while multiple GCMs can
provide a more reliable climate prediction and reduce the deviation between simu-
lation scenarios and actual conditions (Wang et al. , 2018, Noor et al. , 2019). A
number of studies have been undertaken to proof that muliiple GCMs can ef fec-

tively improve the accuracy of climate simulation and have achieved satisfactory

results (Zhuang et al., 2016, Zhang et al. , 2016a, Tegegne et al. , 2019).

55 BN Previously” — T AHER ) A BIT U T WF58 25 34 - A 43 Fi TR A 22 A %) 7K
SCHERERZ A 7 T E 58 B — 28 AR, 1 A BR AR L (GCMD 5 452 45 38 53 51 SCik . 95
GCM 455 IE AR T 5 GCM #LHl (a single GCM) , £ GCM 5 (multiple GCMs) £ ]
RO TG fe Ji — M) 0E T LA . RS = B R A5

Hydrological processes are af fected not only by climate change , but also by

land-use change. Overthe past decades, numerous research works have revealed the
ef fect of land-use change on hydrological processes (Zhang et al. , 2016b, Anand
etal., 2018, Liet al., 2019, Williamson and Claggett , 2019, Luo et al. , 2020).
Cellular Automata-Markov (CA-Markov) model is widely used for simulating the
land-use change scenarios . which is composed of Markov Chain model and Cellu-
lar Automata (Fuet al., 2018, Zhao et al. , 2019, Gomes et al. , 2020, Yulianto
et al. , 2020). Markov Chain model uses the starting and transferring probability
of each state to forecast land-use, but the prediction ability in the spatial dimen-
sion is weak (Gong et al. , 2019). Cellular Automata (CA) isa local grid dynamic
model which can decompose the research area spatially (Gao et al. , 20200). Com-
bining the two models, CA-Markov has advantages in quantitative prediction and

simulation of spatiotemporal change (Gong et al., 2019). Fu et al. (2018) cou-
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pled CA-Markov model with Multiple Criteria Evaluation (MCE) to simulate
land-use change, and the predicted results had a great fit with the measured da-
ta. Zhao et al. (2019) evaluated the impact of ecological engineering on carbon
storage in the upper reaches of the Heihe River by linking the CA-Markov model
and Integrated Valuation of Ecosystem Service and Tradeof fs (InVEST) model;
the results showed that the per formance of the method is satisfactory due to the
low relative error. Yulianto et al. (2020) used the CA-Markov model to accurately
predict future land-use change in the upper Citarum River Basin (Indonesia).
Through using land-use data predicted by CA-Markov model and climate data
simulated by GCMs as inputs , the future stream flow of the river basin can be pre-
cisely predicted based on Soil and Water Assessment Tool (SWAT) model. The
SWAT model is a typical process-based hydrological model , which can achieve the
reliable hydrological simulation and provide the physical description of hydro-
logical processes (Liu et al., 2020). Generally, most of previous studies ef fec-
tively considering individual impact of climate change or land-use change on
hydrological processes, where climate variation and human activities have been
studied as important influencing factors of the hydrological cycle (Villamizar et
al. , 2019, Aboelnour et al., 2020, Hung et al., 2020). Few studies integrated
CA-Markov model , multi-GCMs and SWAT into a general framework to simulate

land-use and climate conditions and to analyze hydrological response.

5 = B i >k FH “not only . but also” &) 58 i 17 IF 3 - AXLG] 55 —F B M P 3K “land
use change” , 5 %5 — B 1 “the two most critical influencing factors” 1% — B¢ 1 “climate change”
T AH I 32 8 7 5 O B s A B[R R F ST 25 0 H N B T 4 b ) 72 Ak 52 el T Y
LR, AMER I ABCR TR b — B[R 0 2 58 450 L 58 T SCERZR 3R AR T LA IR S R
X A AR A 2 A 72 A 52 Wi 1) 2% s ) IOk O 2 A BF AR AR 3 AR BL (B multi-
GCMs A Br CA-Markov K SWAT) £ pl 78 — AN HE 28 v 3 17 (9 20 A7 5 Fie Jm — /4 3% 3 ad >R
“Few studies” 7| H &4k,

O The Amu Darya River is located in Central Asia . originating from the Pa-
mirs and the Hindu Kush Mountains (Sun et al. , 2019). @ The river is mainly re-
plenished by the alpine glacial melt water and the rainfall. @) Climate change has
the obvious impacts on glaciers and precipitation, which can further af fect river
stream flow processes. @ The Amu Darya River flows through arid and semi-arid
climate regions , and water for irrigation and other purposes mainly comes from
the river. @With the development of economy and society, the trend of over-utili-
zing the water of the Amu Darya River is gradually deepening. © Several re-
searchers paid attentions to the factors af fecting water resources of the region and
separately studied the impacts of climate and irrigation activities on stream flow

changes (Baidya Roy et al., 2014, White et al. , 2014, Duan et al. , 2019, Su et

e 66



BLtH WEEHSIE

al., 2021). @Unfortunately , no previous study was reported on simultaneously

examining the ef fects of human activity and climate change on the river’s stream-
flow through integrating CA-Markov model , multi-GCMs and SWAT within a

general framework.

SE VU BLRE = A g 5 K () D) B HIEAFEAE (]~ ®) » X E IR M 5T AY knowledge gap
HO©~D)., Ho,mO B E®RFBFR XA M, 5 O©%5A I (several researchers) % X B
S PR M 32 F 0] {5 (separately studied) . 5 —), 7] @@ i % F “ Unfortunately” 713k , in |

“no previous study”X} knowledge gap #F1T T M45, MIRFE R “integrating CA-Markov model,
multi-GCMs and SWAT within a general framework” 5 | — B &G — " R4 HFEHEEE 2
“le” AR AL T AN A SR 3 ok E A AR R

D Therefore, this study aims to develop a multi-scenario ensemble stream flow
forecast (MESF) method for analyzing future streamflow of the upper Amu
Darya River Basin under considering land-use and climate changes. Q MESF will
incor porate CA-Markov model , multi-GCMs and SWAT within a general frame-
work. @ In MESF , CA-Markov model will be used for predicting land-use scenar-
tos » multiple GCMs will be used as future climate change scenarios, and SWAT
will be used to simulate the stream flow processes under various scenarios. @ Then,
the stream flow processes under each scenario will be compared and analyzed to e-
valuate the possible variation ranges and impact factors of future stream flow. ©
The advantages of MESF are. (i) it can simultaneously examine the ef fects of
land-use and climate changes on the river’s stream flow; (ii) based on multiple sce-
nario analysis and ensemble forecast, it can generate a range of possible stream-
flow that can reflect the trend of future streamflow change; (iii) by setting ex-
treme scenarios, it can assess the impact of key factors (e. g., glacier area) on
stream flow. ® The MESF method is applied to the upper reaches of the Amu
Darya River Basin in Central Asia where the impacts of human activities and cli-

mate changes are urgent to reveal.

Zl—‘f’i%%lmﬂi o AW T SCH TTER, BR 4R T MESF 271, ] @ ~ @ J2 X}
MESF # /1 () f- 44 , B j3J: Bt knowledge gap MR, 7] @& X MESF & BUL s 4. 4]
@ﬁﬂTﬁﬁ%E’] FHME .

2. Land use changes in the coastal zone of China’s Hebei Province and the correspond-

ing impacts on habitat quality®

The coastal zone is a transitional and interactive zone between the terrestrial
and marine ecosystems. It contains various natural resources, but its ecosystems are

relatively fragile (Chuai et al., 2015; Riedler and Lang ., 2017; Small and Ni-

@O Zhang X, et al. Land use changes in the coastal zone of China’s Hebei Province and the corresponding impacts on

habitat quality. Land Use Policy, 2020, 99. 104957.
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cholls, 2003; Yanes et al. , 2018). Since the 21st century, alongside the continuous
global extension of human activities from land to sea (Liu et al., 2014a; iu et
al., 2018; Pramanik, 2016), more than 40 % of the population has become con-
centrated in regions less than 100 km away from a coastline (Baoet al. , 2019; In-
tergovernmental Oceanographic Commission of UNESCO (IOC et al., 2011).
China’s coastal zone areas account for 15 7% of its total land area (Guo et al. ,
2011; Wang et al., 2014). With the intensification of human activities, the
strong aggregation of the chemical industry, and accelerating urbanization, the
land use patterns of the coastal zone have signi ficantly changed , with a deteriora-
tion in the ecological environment and biodiversity of the coastal zone (Ma et al. ,
2014; Long et al. , 2009; Song and Deng , 2017; Song et al. , 2015). Therefore,
itis of great significance to investigate land use changes and assess the corre-
sponding in fluences on habitat quality in China’s coastal zone. This would pro-
vide rational guidance for land use and development , and protect the ecological

environment of the coastal zone.

TX T R A VB A b R 7 A R G A B B S R B8 S A T SR L LU
i S SR HAE 4 BRI [ PN 9 B B O SR Dk A o R A A TP T T T M XX — SR
2o ) T R RS A A 2 B SR 1500, DA B - R RS R 1 B A A R A A
WESEMZ R, 25 B AF R R T ORS00 2 BRI A

D Because of the specific geographic location of coastal zones, with their
multiple interactive inter faces, land use changes in these areas have become a re-
search hot spot (Liuet al., 2018; Turner et al. , 1998). @ Remote sensing image
recognition can be used to investigate the spatio-temporal variation in land use
changes in the coastal zone (Han et al. , 2016). For example, Berlangarobles and
Ruizluna (2002) identified the land use changes in the coastal zone in Mexico
from 1970 to 1997 based on Landsat Multispectral Scanner (MSS) images and
Thematic Mapper (TM) images. Similarly, Rojas et al. (2019) identified the
land use changes in the Concepcion metropolitan area from 2004 to 2014 and ana-
lyzed the changes in wetland areas using TM images. It was found that urban ex-
pansion was the main reason for wetland loss in coastal zones. In addition, some
researchers have used high-resolution images to investigate land use changes in
coastal zones , including Tran et al. (2019), who extracted the land use changes
of the northeastern region of BinhThuan in the mid-southern coastal zone of Viet-
nam using WorldView?2 high-resolution remote sensing images from 2011 and Geo-
Evyel data for 2016. They found that the water area in the mid-southern coastal
zone of Vietnam had decreased considerably. Although many researchers have in-
vestigated land use changes in some coastal zones using medium-or high-resolution

remote sensing images ., these researches have generally considered short-term land
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use changes because of the lack of long-term remote sensing data.

FEIT 1) N EEIR I TR . B2 5 T A “For example” fR 4f B W] 13X — s5 . 841 Ll Although
TF3k  BA SR S 45 5] knowledge gap Z &%, I8 2 5843 B 4K L AE “ short-term” F1 “lack
of long-term” W /~n] /48515 [,
Land use change is an important impact factor threatening habitat quality (Kim et
al. s 20155 Mendoza-Gonzdlez et al. s 20125 Yu et al. , 20163 Liu, 2018; Chisholm et
al. s 2018; GuidaJohnson and Zuleta, 2013; Song and Pijanowski, 2014). Previous

studies have mainly investigated the influences of land use changes on habitat quality

Jrom micro and macro perspectives. At the micro-level , it is dif ficult to directly investi-

gate the influences of land use changes on habitat quality. Therefore, biodiversity is
considered to be the indicator that can best reflect habitat quality (Debano et al. , 2016;
Riedler et al. , 2015; Barragan and Andrés, 2015). Previous researchers have mainly
analyzed the influences of land use changes on the biodiversity of animals and plants
(such as spiders, bees, fishes and aquatic invertebrate) and plant communities (such as
vascular plant , liverwort and mosses) (Delalieux et al. , 20123 Grant et al. , 2018; Ja-
ntz et al. , 20155 Kyleet al. , 20165 Lammert and Allan, 1999). It has been found that
land use changes can a f fect the division and distribution of herb plant species and wood-
vy plant species (Hermy and Verheyen, 2007; Timet al. , 2015). Forexample , land use
changes can cause changes in the landsca pe structure and habitat quality , leading to
an alteration in plant species diversity (such as weed species and plant communi-
ties) (Baessler and Klotz, 2006; Etienne et al. s 2010). On the other hand . land
use changes can alter the adaptability of animals to a certain habitat; thus, af-
fecting animal diversity (Lienert, 2004; Nakahama et al., 2018; Uden et al. ,
2015; Xuet al. , 2018). For example, Otto et al. (2016) confirmed that certain
land use changes reduced the adaptability of bees to their habitat in North and
South Dakota , USA ; thus, af fecting the population number. Many of these stud-
ies have been based on field measurements, which are time-and labor-consuming

and can be dif ficult to conduct in large areas due to the lack of temporal and spa-

tial continuity.

5 BRI S0 YT — 3 b R R AR B TR S D) PR T LR IR . B ) IR AR SR X
A F ARSI AH S B 7 A SCHER AT 2012~ 2018 45 [ B[] 5 82, (] 22 461 i 1 AF 52
PORIX — I8 . AR IE A T “ Previous studies” 5| Hi 538 . xR L (HER M T — A E
= B . B “from micro and macro perspectives” (732%), H )5 'E 42 “At the micro-level” J 3k, 5
Ab L ESE DU BB B B 7 LI 7R 1) “ At the macro-level”, i B 2F = Bt F0 46 DU BL #F 2 48 & FE 51 5%
F I3 X P AR AT SCRRZR IR . AR B R A R B = A~ /4 i (difficult in large areas
FI due to the lack of) , fRUF-Hi X} “ At the micro-level” i ffi i) knowledge gap #47 T B 45,

At the macro-level , most studies have explored the impacts of changes in the
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spatial pattern of land use on the regional habitat quality. Researchers usually di-

rectly couple land use changes with habitat quality models to assess the influence
of land use changes on habitat quality (Chuet al. , 2018; Huet al. , 2017 ; Miguel
et al., 2018; Roman et al. , 2018; Svoray et al. , 2005; Xie et al. , 2018; Yan et
al., 2018). For example, Mushet et al. (2014) assessed the changes in amphibian
habitats under dif ferent land coverage conditions in the Prairie Pothole region of
North America. They found that the degradation of habitat quality in this region
was mainly due to the transition from grassland to cultivated land. Similarly,
Heet al. (2017) simulated the future habitat quality under dif ferent scenarios in
the Wanzhou District of Chongqing ., China. They found that habitat quality de-
generated under a scenario with rapid urbanization, while the op posite trend was

observed in a scenario in which ecological protection measures were taken.

T b A 5 DU B WU AR R SCHRER A . B R BELAY “most studies” | “ Researchers u-
sually” F1“For example” 35 i) iff W2 ik . H2 5% = BOAR 02 (e BRI B A & 2 45 1
WA . ISR R A 2 v DA A —A) S 45 A Y

Several studies have focused on land use changes in the coastal zone and on the
impacts of land use changes on habitat quality. However, two areas have not been
well investigated. First, due to the lack of long time-series remote sensing data ,
the long-term land use changes in coastal zones have largely been neglected. Sec-
ond, quantitative assessment methods have rarely been used to clarify the contribu-
tions of changes in land use to changes in habitat quality. We therefore coupled a
topographic map with remote sensing images to identify the land use changes in
the coastal zone of Hebei Province (CZHP) inthe past 70 years, and assessed the
influences of land use changes on habitat quality using the InVEST model. The
aims of the study were to: 1) reveal the land use spatio-temporal pattern in the
CZHP from 1950 to 20173 2) assessthe spatio-temporal change and degree of hab-
itat quality degradation in this region; and 3) determine the contribution of land

use changes in the coastal zone to changes in habitat quality.

o — Beh i R d i i < Several studies” JT iR TG 4Y ;s Bl S 8 ] However” 7 Sy 4 44 .
1 T P4 knowledge gaps . 3 I First” Fil* Second” ¥ M ) 1€ 5 th ok . 2 J 4 th 6 3 (1) F
FER A KT H B AR WE T H AR R R F 1) (2) §0 3) "B b s T SR T HE oK

A0 B 2 R B UL B SCIRTE — e FR B B A 220 . & 58, W) Journal of Hy-
drology(SCD 5 Land Use Policy (SSCD “# B A . H U, PR e SCARUBPEE . — Ml
AL TR 9 7 — R R R AN RS A B s L A AN 8 R 6 L A AT AR AR FT LA
KRG E BA Ao B A 2 58 A% SR e . B A 9E T R 4 10 R OGS Y B s L
AR AR R TS A EE R BT A B BE A0 DR B ) o TR R L R AT 5 IXC ) R i
PR . 4K, BRI L AR AR . T 2, 515 #80 OF Be A X 5E X AT A
T RTETE T35 — %84 (The study area and data sources) {7,
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The Introduction clearly identi fies the purpose and scope of the research presen-
) ted in the article , and details the scienti fic question being investigated. Any nec-
Science LA ., . ;
= 13.6 essary background information should provide context to readers in other disci-
Advances ) . o ) )
plines to ensure that the implications o f the experimental findings can be under-
stood by researchers outside the authors’ area of research.
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3. Quanti fication o f basin-scale multiple ecosystem services in ecologically fragile ar-

eas®

D The watershed ecosystem , which integrates the river and terrestrial ecosys-
tems, is a complex system with strong integrity and marked spatial heterogeneity
(Trimble, 2004, Ghermandi et al. , 2009, Theodoropoulos et al. , 2010, Cheng et
al., 2014). @In 1998, the World Resources Research Institute first evaluated the
value and vulnerability of the ecosystem services from the perspective of water-
sheds (Revenga et al., 1999). @ Since then, several research achievements hawve
considerably promoted the public’s understanding of ecosystem services, and its
concepts and methods have been gradually applied to the formulation of policies
for ecosystem management (de Groot et al. , 2010, Bateman et al. , 2013, Aschoni-
tiset al. , 2016, Cui et al. , 2019, Chen et al. , 2020). @ To quantify the water-

@ He S, et al. Quantification of basin-scale multiple ecosystem services in ecologically fragile areas. CATENA, 2021,
202. 105247.
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shed ecosystem services, several scholars (Locatelli et al., 2011, Zhongyuana and
Huaa , 2011, Trabucchi et al. , 2012, Costanza et al. , 2014, Wang et al. , 2014)
adopted the global ecosystem service value determined by Costanza et al. (Costanza
etal., 1997, Costanza et al., 2014) and the Chinese ecosystem service value 0b-
tained by Xie et al. (2015). ® Howewver, the results of these two methods are the
average values of the global and national scales, respectively. ©Such average val-
ues are , to some extent , dif ferent from that of the basin-scale, and this dif fer-
ence is magnified in ecologically fragile areas, owing to the notable spatial heter-
ogeneity. (D Therefore, to accurately evaluate the watershed scale ecosystem serv-
ices, it is necessary to modify the quantification of the ecosystem services by using

the downscaling method. (5] & % — &)

"D L “watershed ecosystem ”VE K RE8ER 5] A  BFOHR P 19 “basin-scale”, 0@~ LA
IR E S R GRS TEH Cevaluated) T7 82 W W58 R 1) N FH Cconce pts and methods) N K
Hat. R B EENE . oA 0 R ecosystem services il watersheds 5] OH H M
B watershed Fl ecosystem Z—E, @O BT LR B T 4L watershed Fl eco-
system services VAN, B T quanti fy 5 2Z 07 I H) evaluated .methods & 5 F WL . /)
O~O® U “However” J 3, B 1E £ ) knowledge gap, H o 3¢ # i7] basin-scale . ecologically
fragile areas 5 title —Z0, BN E M, ) OF5 Hh T LU e 19 B2 )@, SCHER) quanti fication
B ERR A @R
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4. Carbon emissions induced by land-use and land-cover change from 1970 to 2010 in
Zhejiang s China®

DGlobal warming is an international challenge facing humanity in the 21st
century (Wang et al. , 2017). @ Since the last century , the average global sur face
temperature has risen by 0. 74 °C (95% confidence interval ; 0. 56—0. 92 °C) (Cub-
aschet al. , 2013). @Atthe end of 2015, 195 nations adopted the Paris Agreement
under the United Nations Framework Convention on Climate Change (UNFCCC) ,
which focused on limiting the increase in the global temperature to less than 2 °C a-
bove pre-industrial temperatures (Talks, 2015). @Climate models indicate that it
is still possible to achieve, but ef ficient and sustainable policies relating to low-

carbon emissions are required (Talks, 2015). (5] & % —8&)

B A O LA ERAR R O K Sl AL R I R — A P NS A BR8] an
international challenge facing humanity” ™\ BB M . 4] @ F B 327 7 A1 O 09 0 55, BP

@ Zhu E, et al. Carbon emissions induced by land-use and land-cover change from 1970 to 2010 in Zhejiang, China.
Science of The Total Environment, 2019, 646 930-939.
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“HE R LT R ERIEAR BT, BEAR A BRAE MR — ANt P ] L IS 4 il % AR AR
M RO AR B IT“UNFCCC”, 548 ) 8l X N A A REARRESL B ? M DR
o BB AT SAT R CHE UM G BOR SRR, SR A DL bwe” R T B T A carbon emis-
sion”, R WFFERR AR EEE T AP Z A0 .

DGreenhouse gas emissions (GHG) , especially carbon dioxide (CO,) emis-
sions, are considered to be the main drivers of global warming (Bamminger et al. ,
2018; Cubasch et al. , 20135 Yu et al. , 2017). @ And the increase in atmospheric
CO; concentrations has reached 1.9 ppm per year (Wang et al. , 2016), which has
Sfurther exacerbated global warming. @ Land-use and land-cover change (LUCC)
is a crucial source of carbon emissions (Intergovernmental Panel on Climate
Change, 2006) and accounts for approximately one-third of the carbon emissions
caused by human activities since the industrial revolution ( Houghton et al. ,
2012). @ Due to the significant feedback of land systems to the atmosphere, an
insight ful evaluation of the interaction between LUCC and carbon emission is criti-

cal. (3| 5% = 8)

B — B, e BRI [a) B “ global warming "W S B “carbon emission” AH & , Bk HE K
KA I T T AR S WS, RIS B 4 /N B A SCR M b RIES Z Be b AT 7 I A S bR
A OFE IR TR HE RO R AR W2 ) = 2K ) ), 9 “ especially” 28 H T il HE BN AR 12
(IDTHR . F Q" further exacerbated” Bt — 2L 5 1T IF 58 Bk HE O 00 ZE A . ) D WU 3 3 ik H1E
FE H A SCHY 5 — S B R]“ Land-use and land-cover change” , $E ¥ BIF 58 10 [ 45 /N B “ Carbon
emissions induced by land-use and land-cover change” X1 . A @R T 8 3 81 & Bl 5= 1)
Bi“the interaction between LUCC and carbon emission” T B LL“Due to” JF 3k , ¥ “signi fi-
cant” Meritical” AN SRAL T WY B R B

5] 3 AN, ) 4 e 5ok 2 2 3k 0 1 O =X Bl AR R BIE 9 IR S . 3 o A AT T L
KB — BUR A R carbon emission s {H5S —BUE W) I A A carbon emission H)Z
LR 2 5 T B U 3 AU X A BRI R Y R . AR SR B K 1T 4 A B . H
ST IRANHEH L UF 0 T O E AR 22 2] o XA T — R SR W) 2 B 2 R AR R —
ok

XS b AR WS ST LUE B ST R AT S R T R A AR T IO . [HR RS 22 R i
T A E MOl KRR R BRLR AT E IR R s &M EERT.

() A IR &I knowledge gaps

ER A S5 B A B AR AR R A0 B JCESRONRE S i K K KR 2 8. AT LA A 2
90 B AR ARV RO A U A B K R s A AR i B R

— M L % o3 LA SRS f R T 50 2 R Ol R MR A BN BE X R ) R 28 58 Y T AR R
0G4 AT SR 5 AN Z 8 6 &R L 5 AR TR 1 BRBE AR A2 L B knowledge gaps.,
AT T G H AR B SE ( BB M . knowledge gaps 7T LA XF 5 A L BCHE L S206 7 58 L 0y 9k A0 AR Y 4%
HEAT BB B B 5 A TT DU X BT DR WAL B0 G R A R T A TR B BT R AZ AR

X — TR0 G AVEA W R BT — & T AT SCHR 25 3R 8 N IR 55 T B 5 1 5T . — S ] et
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WFERY D AN R E NMEARHESE . SCHRZE R I AN BB S W] 25 R 1 STk A D T A S . —J2 X
TR IR DT I B2 ORI AN BB T 58 Hh AT ST B (e T Mz AR N
T HAKAR LI 3 S 3 A 51 A = BRI DY B e I B B B AR T

DSeveral researches attempted to establish a model that could simulate and
predict the value o f the ecosystem services; such attempts included the basin hydro-
logical model , integrated valuation of ecosystem services and tradeo f f model (In-
VEST), artificial intelligence for ecosystem services model (ARIES), and social
values for ecosystem services model (SVESM) (Goldstein et al. , 2012, Bagstad et
al. » 2013). @In particular , the basin hydrological model applied to wetland loss
and restoration scenarios could provide local estimates with the ecosystem service
(ES) provisionrelated to flood control and nutrient removal (Pattison-Williams et
al. » 2018). @ Furthermore, several researchers focused on the function and service
method » which could simulate the ES function in a small area by establishing the
production equation between a single service function and the local ecological envi-
ronment variable (Kareiva et al. . 2003, Robertson et al. , 2005, Costanza et al. ,
2014). @ Howewver, this approach involves several input parameters (water sup-
ply, electrical supply, production, tourism, atmosphere regulating , water re-
serve and flood prevention, pollution reduction , and biological habitat function) ,
which complicates the calculation process. ©Moreover, it is dif ficult to unify the
parameter standards o f each service value, and thus, this method is not prefera-
ble. ®Although the abovementioned models make the quanti fication of the ecosys-
tem services at the basin-scale feasible, these models often reflect only the main
services , and because each method has a dif ferent emphasis, the limitations of the

parameter adjustment may lead to inaccurate results. (5| & % = B)

B A Several researches "B T X Je— B E B . WO~ MBI 1l (value of
the ecosystem services fllthe function and service) JBITHY . XA H T XA N A B4,
VIR N O A SR EE R g5 g . ) o il ] Several researches \In particular
Furthermore 558 , ik th — N2 23 EHCR . KR, WRIX BN A BB E
E. BD~OiE%—%, % H However,Moreover,Although =~id, i T 5i ¥ WF 55 £ 7E
B R FR PE Ccom plicates the calculation process dif ficult to unify the parameter standards L)
K dif ferent emphasis . limitations of the parameter adjustment), HEI A2, XL IR S
B “this method is not preferable” . “inaccurate results”%¢ knowledge gaps. iHF = . R R HR
PEEfE v e R T — S kR iR M I8 /4 AN di f ficult to” “only”  “limitations” %, REFELS
S — B b 4 2 0 e RUBE D7 IR AT Y i A A R G0 55 A WY I Y G I 2 R (BRI 2 Sl T R O
IF 5 it AR 8 T A 4 B e T I RUBE 5 12 B 9 18 e B AP L T T G 5 1 55 D B )

DOWith the development of ecosystem service research , the downscaling meth-
od with a correction factor was adopted to modify the value of the ecosystem serv-

ices in China and worldwide. @ For example, by examining the association be-
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tween ecosystem services intensity (ESI) and land use and land cover change
(LULCC) from a spatial perspective at the county level (Chen et al., 2019), and

“unit area of ecosystem services value of China’s terrestrial ecosys-

adjusting the
tem” by vegetation net primary productivity and the ability and willingness to pay
into the county level (Aschonitis et al., 2016). @ Additionally, the wvalues of
small-scale ecosystem services such as at the province-scale (Chen et al. , 2020) and
county-scale (Guo et al., 2001, Chen et al. , 2019, Cui et al. , 2019) were 0b-
tained . @ Howewver , neither of these values can accurately reflect the regional het-
erogeneity and the joint influence of the natural and anthropogenic factors
(Mengist et al. » 2020). @ In particular, inthe case of ecologically fragile areas ,
in which mountainous hazards occur frequently, there exists spatial and temporal
heterogeneity and dif ferences in the payment for the ecosystem services in dif fer-
ent regions and scales (Zhang et al., 2010, Chen et al., 2019, Mengist et al. ,
2020). ® Consequently, the valuation of watershed ecosystem services encounters
the challenges of reflecting the imbalance of the spatial distribution, modifying
the value equivalent factor in a unit area taking into account the regional vulnera-
bility indicators, and reflecting the synergistic impact of natural and human fac-

tors (Trabucchi et al. , 2012). (3] & % W&)

HOEZHE E XM P 7 —-B—RHBEREINEB LSRG R S R, O~
O@RLER . M@ XL however”TF 3k B MBS R R . W@ “ In particular” F LA FE
WX Gt — i /N E “ecologically fragile areas”  SEp T ZAN T . MO BEE T M A5
Hh T I B PR B knowledge gap . AT 2 M 1 52 A BB A

COWFFTRY F b J7 5 A e/ X

IR A3 A6 B AR B N A A R R R Bl MR MR 2 AR E S Ry B bR R L o (B AN
AN 5 TR

5. Ethnic and locational dif ferences in ecosystem service values: Insights from the

communities in forest islands in the desert®

@D The main objectives of this study were: (i) to determine i f ethnicity and lo-
cation (defined as spatially separated mountains) af fect ES identification and
ranking , and (ii) to assess if ethnicity and location af fect the selection of most
important plant species for different ecosystem services. @ As study area we se-
lected three forest islands in the arid lands of northern Kenya. @ These forest
islands are seasonal and dry-spell cattle grazing stations, and their conservation is
a challenge. @As already reported in 1961, ‘the problem [of protecting northern

Kenvya forests ] is not a small one; short of employing an army of forest guards,

@ Cuni-Sanchez A, et al. Ethnic and locational differences in ecosystem service values: Insights from the communities

in forest islands in the desert. Ecosystem Services, 2016, 19. 42-50.
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it would be impossible to protect these forests from damage or destruction by an
unwilling population” (KNA, 1961). ®For example, in one of the forest stud-
ted , which is an important elephant habitat in northern Kenya (Ngene et al. ,
2009) , ten plant species are red listed by IUCN and deforestation and forest deg-
radation are major problems, mainly linked to firewood harvesting and increased
demand for agricultural land for food production (Shibia, 2010; Githae et al. ,
2008). ® Through this case study in northern Kenya , we aim at highlighting gaps
in current ES research and show how one could address these gaps, not only in

northern Kenya , but elsewhere in the world. (3] T & 5E — &)

"] D“ The main objectives of this study "JF=W XSG H TR ZHBER. BIQ“As study
area we selected " 45 W] TWFFEIX . A Q) ~ © & X BF 5 X 38 B AR I FAFAE B B A fifi ik . ) ©
“Through+,we aim at "] THRAEIRZ HE. OIS 8T 5 % A — 22 3 Jg 4 K
Z

(4) R B AE Ot A

G FIRG S YR R E R A A, B RS WAEIE 25 RS 52
J& e EERBERG 5 SCH 2 5 R R — B TR AR IE S full text WURR S LiEE H bR R4 RS
Hi S ARG bR ) T8RS BOR X 51 5 kT — R 2 LR A FEIT .

= E=HEM

Ry ik — 2 IR 51 G5 R R0 2 2L B, SR IR T =R SO e R 51 R )l B
) 2 5 0 AT LU IR 22 2 X 51 F B AR AR X S — B R 0 i R R
6. Optimizing land use patterns for the grain for Green Project based on the ef ficien-

cy of ecosystem services under dif ferent objectives®

D Ecosystem services are the natural environmental conditions that form and
maintain an ecosystem as well as the ecological processes on which humans depend
for their survival (Daily, 1997). @ The conceptual framework of the Millennium
Ecosystem Assessment identifies the main component of ecosystems as human be-
ings, and human activities directly or indirectly change ecosystems, thereby fur-
ther impacting human well-being (Assessment, 2005). @) Since the implementation
of the western development policy, the economic and social development of the
Guanzhong-Tianshui Economic Zone has been rapid. @ However, with economic
growth and population ex pansion, a large amount of land has been occupied , car-
bon emissions have sharply increased , the demand for food production has in-
creased » and soil erosion has become more severe. © Human activities targeted at e-

conomic development have changed the structure and function of ecosystems, re-

@ Zeng L, et al. Optimizing land use patterns for the grain for Green Project based on the efficiency of ecosystem serv-

ices under different objectives. Ecological Indicators, 2020, 114. 106347.
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sulting in the weakening of ecosystem services. © To ef fectively control the scale
and intensity of human activities, it is essential to study the impact of human ac-
tivities on ecosystem services and the interactions among ecosystem services (ZLheng

et al. , 2003). (3| T % —H)

515 B/ B OMNZEH# LA E Con which human depend for their survival)” B iE A
Fo ATHRBCT ANRER ATIHAEZE, MORREHED WA ANLRESREN EEA
WAy NI B H A s B 4 R E S RS N N7, X —3, kM
2 RS T B S — 2D M T L BNV S R AR S R G A O AR AL,
HO~ONA T — 1R XA QLU R, NOZH FERQ ., WSHEH . I LU the

interactions among ecosystem services 55 & .

D The interaction among ecosystem services can be divided into trade-of fs and
synergies (Bennett et al. , 2009). @ Qin et al. considered that grain supply and
water production had a synergistic relationship , as did soil conservation and car-
bon sequestration, and that water conservation and grain supply had a strong
trade-of f relationship (Qin et al., 2015). @ Tian et al. found that water yield
and sediment yield were synergistic , while net primary productivity (NPP) had
a trade-of f relationship with water yield and with sediment yield in Karst areas
(Tian et al., 2016). @ Scenario simulation is an ef fective tool for exploring
trade-of fs and synergies among ecosystem services, and studying the relationship
between ecosystem services under dif ferent land use scenarios has become an impor-
tant research subject at home and abroad (Liuet al. , 2017; Wu et al. , 2018; But-
ler et al. , 2013; Grenet al. s 2009; Lautenbach et al. , 2017). (3] & % =)

5B Q LAY B R A AH R B 3R] 15 “the interactions among ecosystem services” FL T » X
EZ AR IR — oK B 5. MERE AT Bt Ayl a5 SCHER (Bennett et ¢l ,2009) IF
[T 0L L H 48 H “interactions” B WA G 5¢ 28 (trade-o f fs and synergies), A OWIEHE S K
I HROR R X — A3 R O P S B TS B B 1Y . ) Q) ~ O X ) O AU B[R] 56 &
(trade-of fs and synergies) W WEUE . BRI S H T A% SR “interactions” BEFE TP 1Y
AR T R

@D Howewver, the current research on land use scenarios primarily focuses on
the modeling and simulation of land use processes (Hu et al., 2007). @ These
studies generally hawve the limitation of a small number of land use scenarios as
well as uncertainty in the selection of land use impact factors, which makes it di f-
ficult to fully assess all potential land use scenarios. @ This limitation will there-
fore af fect subsequent research on the relationships among ecosystem services.
@ Furthermore, although the above studies analyzed the interaction among ecosys-
tem services and the impact of land use change on ecosystem services, they did not
optimize the spatial distribution of land use according to the ef ficiency of ecosys-

tem services under dif ferent objectives. © In other words, assuming that the eco-
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system services provided by the natural environment in a certain region are constant
and there are trade-of f’s and synergies relationship among ecosystem services s how to op-
timize the spatial distribution o[ land use to maximize the target ecosystem services under

= =

dif ferent ecosystem services is what we need to explore. (5] & % =)

5 =B However "1 A E A Sk A B B IriE L, RB N T H5E ZBEHNEAT
HAE B . “However”ffi M AE 47 AR TE H . Wl 4] h, “ primarily” M1*focuses on™ Jy Hif WA 5%
o JR PR M58 knowledge gap ¥EAT THIA . FL L, Q@ LAY limitation VE R R AL
e T BIRBEREMA A (imitation of) s 1838 1 F R B 52 W (makes it di f ficult to fully , £ 5]
FE fully XA . M) Q@ISR E I NPT AR B R T X — R R S X,
HO LA In other words” 3k ARG REEL AU NG, EAERNR? X281, 4
B F A DL what we need to explore” %5 2 W 8 SCHE Limitation A6 T re-
search question . X FEVEE IIAR(ELAF ) 2 B4

(D Bayesian belie f network (BBN) isa probabilistic knowledge representation
and reasoning model (Landuytet al. , 2013). @It visualizes abstract and pluralis-
tic knowledge through nodes and directed edges , and implies causality and condi-
tional correlation between nodes (Landuyt et al. , 2016). @ The structure of BBN
is flexible , which makes it possible to add or delete network nodes and modify the
network connection relationship according to actual cases. @ The features of BBN
make it applicable to the field of ecosystem service simulation, and provides deci-
sion support for policy formulation and evaluation (PérexMinana, 2016). ®Some
researchers have adopted the research model of combining BBN with ecosystem
service simulation (GonzalezRedin et al. , 2016; Dal Ferro et al. , 2018; Dang et
al. , 2018). ® Howewer, the breadth and depth of the future applications of this
research model need further exploration, forexample, applicationsin scenario a-

nalysis. (31 & % @ H)

S B AT IF 1T UL A A AR 3 P K 345 L BBN S —Fh model., 31X 2 ) 3 A
A 5T OB 2R MR — M50 7 ik iy 3R D7 20 X — B B B S Al = Bk bl .t R —Fh S
s prgred B e MOEE T4 T RX I kiR, iR OMA O Eil
Je— 2, B FE A T BBN, G FH IR it teab B ARG O — A TR A S AR
H T AT RN AR AR AR SR R E A AR A . O 4 T BBN S5 MR L AR R B B
B A A DG . AT @A 2 BBN 3 I AR adk f) () i s o a5 | P A A o 3R 2% 07 108
TAWGE . AIOBR T UESE S| FL S B[] e i 51 T =R SOk 322 IR F X Rl 7 1 69
P50 R B BERI Y . =BT SCRRAE h e — S . 5 s A B DR Ao R R IRERFTTE AT I . T
RX LS HTE - B 7R sR U8 I AE M 47 22 2 WA XX =R SCRRBIEFE N A AT TR 9T 0 0
K. Aamg? WA A O SR E However, ] © F 8% However” VE i A8 Bt % J5 — i
O SV e N E I O i 2 o/ VTP < (S VIR O S R ) TR 957 S R RS2 (O AL L
AL =0 B SCHR P A 2 T A A SRR R R AL R TR however” Z 5 SCH A AT
fuf i Je it K » EARAE T “breadeh” M“depth” PIA1a] . 1 Wi b £ Y BUWE R AFAERI A 2 . 1EAE
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W8 future” 1Y further” 53 B 58 AL T “applications” 1 “ex ploration” , 1R B &, fifi
“breadth” M “depth” . — 5 i &R T W51 2 0K 55— e B o e HEZR MM . A
EIFEUIFE N LR & R X N HEZR v, Bl A B 1Y for example , applications in scenario a-

-
nalysis”

D 1In this paper, BBN is introduced to simulate three ecosystem service proces-
ses: grain supply, carbon sequestration and soil conservation. @ Taking natural
environment , population change and policy planning as indicators, we designed
land use scenarios. @) Then, the probability distribution and the interactions among
dif ferent ecosystem services under dif ferent land use scenarios are predicted
through BBN. @ Finally, the spatial layout optimization scheme for land use is
formulated according to the ef ficiency of dif ferent ecosystem services objectives.

(Bl & — 8
T e — B — N 4 TR N EAR SR BT DL R AR R AL R TR R

7. Designing a network of green infrastructure for the EU®

D There is increasing global concern about the fast degradation of ecosystem
services (ESS) and the rapid decline o f biodiversity (MEA, 2005; WWEF, 2018).
@ The recent assessment on biodiversity and ESS by the Intergovernmental Panel
on Biodiversity and Ecosystem Services (IPBES) warns that nature across most of
the globe has been significantly altered by multiple human drivers, with the great
majority of indicators for ecosystems and biodiversity showing rapid decline
(IPBES, 2019). @ The deterioration of natural ecosystems threatens the persisi-
ence of more than 25% of all species, many in risk of extinction within decades ,
and the future maintenance of ESS they support (Duffy. Godwin, & Cardinale ,
2015)@AILL these changes also compromise future human wellbeing. ® In the EU,
Maes, Barbosa, and Baranzelli (2015) reported declines in ESS of 5. 2% delivery
compared to 2010. @Under these scenarios , thereis an urgent need for conservation
ef forts to halt the degradation of ecosystems and foster the sustainable use of
multi functional landscapes. (D) This requires adequate planning to help harmoni-
zing biodiversity conservation and maintenance of ESS with other legitimate socie-
tal objectives competing for limited space and resources (UN General Assembly ,
2015). (51 & % —B)

51 H B BE NS RGNS (ESS) MAY Z HEE (biodiversity) R#E B AL ( fast degra-
dation) X —ABRVERVEGIA T — A9 BT R 51 3224 M . 40 Q2 03B AL 1 B i #h
SV O~ @ R R BRI T AT R B A O F ) 2 RS R T

@ Hermoso V, et al. Designing a network of green infrastructure for the EU. Landscape and Urban Planning, 2020,
196 103732.
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M IXERE . A ©~ @8 W ] 8@ Ip ik — R BRI “ adequate planning” .38 W T B
KX, “planning” X N &8 B W H“ Designing”, BRH —B. BN RBREIFREFE
BLE AR 7 B AL ILTRINTRES B .

D1In response to the rapid decline of natural ecosystems, the EU has devel-
oped policies focused on securing sustainable provision of ESS, the protection of
natural capital and the development of strategies to cope with potentially chan-
ging conditions in the future (e.g. climate change; Maes, Barbosa, et al. .
2015). @ However, management o f natural ecosystems cannot be restricted to areas
within PAs’ borders. Q) Integrated planning for biodiversity and ESS beyond PA
boundaries seems unavoidable because species’ are ex pected to shift their distribu-
tion ranges under climate change, potentially reducing the ef fectiveness of cur-
rent conservation ef forts within PAs (Araujo, Alagador, Cabeza, NoguésBra-
vo s & Thuiller, 2011). @ In this line, the EU in 2013 laid the foundations to cre-
ate a network of Green Infrastructure (GI) (European Commission, 2013a). ®
This network of GI is viewed as a “strategically planned network of natural and
semi-natural areas designed and managed to deliver a wide range of ESS and stop
the loss of biodiversity” (European Commission, 2013a). ® Two key objectives
guide the designation of this network : i) to enhance connectivity between PAs to
allow species to thrive across their entire natural habitat , and adapt to ef fects of
climate change, and ii) to contribute to the maintenance of ESS delivery to socie-
ty. @D The Natura 2000, the network of PAs in the EU, isthe backbone of this net-
work of Green Infrastructure. @ New areas must now be strategically added to
connect PAs and foster landscape multi functionality ( European Commission ,
2013a). @Recognizing that the matrix in between protected areas also have conser-
vation value and managing it accordingly is key to achieve the aims of the EU
Biodiversity Strategy . of halting biodiversity loss (European Commission, 2011;
Hermosos MordanOrdénez , Canessa, & Brotons, 2019). (3] % —8&)

5 B OF8 L R A ARAR S RGBT E T — SE UK P TS — B4R K AR
i . AI@QLL" However” ¥k 48 T 21 H 8 5 G048 B P A 8 10 ) R, 3 b A L X J 45 A 1Y
FIEIRZE 2 5 | 3 3 I 47 A o0 s N2 cannot” B 1 3 52 3 — HR 98 T8 09 AR 58 4 BOOR ok
T QXA QR 8 AR RGEE BN RE IR TR X ey . X B
T —BEh R E IR “biodiversity” F1“ESS” AH 1545 — B i B W, MO % &
“biodiversity” F1“ESS” [{) 54 0 R 2 2 37 25 6 K il 15 it WX 2% (network of GI) W RTHE. DEsR
AR 220 AR SCWF 5 3 AT N biodiversity” Ml*“ ESS™ 1B Ak ik — — i P ] 3¢ £ 3] 1
“network of GI” BAKR L. A]©~©@H T W “network of GI” B HE & Ko Bt 9 45 1) /5 4>
HAR——hnsR O 4 X 22 (6] 3 2 f4E R A S R GRS AN . B 20k LI X I HERWe? H1 @D~
@zt 1725 BUHGIUE i DX SO i 4 O 4 XOF S TH SO 2 DRk . A2 @b, nl L& 3Rk
WATE 2013 4EBE 5 B FEAl & Natura 20007, )@ 4 T AP Z R R 97 19 55— A G Rec-
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ognizing that the matrix in between protected areas” , W J&— 1L JEA],

DGiven potential con flicts between dif ferent interests on a highly populated
landscape where there is high competition for land between dif ferent uses (e. g.
urban, agriculture, conservation) , strategic decisions are unavoidable (Verhagen ,
van der Zanden , Strauch, van Teef felen& Verburg , 2018). 2 The integration of
these multiple objectives can be ex plicitly addressed through spatial planning tools
to minimise potential their conflicts and enhance co-benefits (Howe, Suich. Vira,
& Mace, 2014). ®Inthe EU, large scale planning exercises have been carried out
to identify priority areas for biodiversity conservation (e.g., Kark, Levin,
Grantham, & Possingham., 2009; Kukkala et al. , 2016) or securing access to ESS
Ce. g. » Vallecillo et al. , 2018; Maes, Paracchini, Zulian, Dunbar, & Alkemade
2012). @ Howewver, the integration of these two objectives simultaneously in a sin-
gle planning exercise has only been carried out at smaller scales (Ce. g. , Domisch et
al. , 2019; Lanzas. Hermoso, & de-Miguel, S., Bota, G. , & Brotons. LL.
2019; Barbosa et al. , 2019). @ Therefore, thereis still a knowledge gap on how to
design this strategic network of GI that pursues ESS and biodiversity conservation

objectives at the EU level. (5] % Z8&)

=B QAR &SI R, 5 H “strategic decisions are unavoidable” ,
XH, S S AR T E—B PR E N matria” 0] WL BN SR B R R, A Q38 1L A ]
MRIBER L L HARBE S 3 wh 5 TF 4 i L W R 45 3 LAY spatial planning tools B 1/
B strategic decisions , ]Q~@ & CHREEIR . AIQH & T RO AE R IEE 43 5 JF & T DAsE
AR ESE ARG MRS A BARR R . B T A @ Mo However” JF 3k, I8 LA

“only”$i& Y HAIT S JRy BRAE L RIVR] i 45 53X P H AR 0 B R R AE /N ROBETF S Y . ik T 115 S
A QEEFR T knowledge gap. BV E KK 2 1] I % 11 R B % & biodiversity Fil ESS
i network of GI ,

D Here, we demonstrate how a spatial planning tool - based on the identi fica-
tion of clear conservation and ESS objectives - can be used to design a comprehen-
sive s, multi-objective network of GI across the EU to enhance connectivity among
PAs and warrant the provision of ESS. @We assess the implications of the setting
GI priorities at dif ferent policy scales (national vs continental). @) For this, we
tested two alternative scenarios for planning this network of GI . an EU-based sce-
nario , where the full GI network is planned at the continental level , and a coun-
trybased scenario, where separate Gl planning exercises are carried out for each
EU member state. ®We evaluate the pros and cons of each scenario and provide
guidance on how systematic planning could be used to design a future network of
GI in the EU. ®With this exercise we intend to provide tools to future integrated
planning for multi functional landscapes, which has been long demanded in EUs
policy (EEA, 2014). ®We used the best available data on distribution of wverte-

. 82



BLtH WEEHSIE

brates , habitats and ESS at the continental scale and integrated them in a prioriti-
sation exercise to identify new management areas outside the current N2000 net-
work that could help achieve the two-tiered objective of the EU GI network. (3] &
% w3 )

SV EBAE 51 F B — B A SRS B ST ORISR VBESE DT TR IS BB L R

8. Enhancing ecosystem restoration ef ficiency through spatial and temporal coordina-

tion®

(D Habitat loss and fragmentation are leading drivers of declining biodiversi-
ty and ecosystem services worldwide (1—3). @ Landscape corridors and dam re-
movals are popular and ef fective strategies for mitigating fragmentation (4, 5).
@ To implement these projects ef ficiently . societies around the world are develo-
ping regional and even continental-scale plans for restoring ecosystem connectivity
(6). DThese plans set ecosystem-Llevel conservation objectives and identify priority
regions for investment , but individual project selection (e. g. , a specific dam re-
moval or habitat corridor) is generally dictated by opportunism and politics.
®When poorly coordinated , these piecemeal mitigation ef forts may be an inef fi-
cient means of achieving ecosystem-level objectives. © Transboundary coordination
is known to increase the cost-ef fectiveness of nature reserve networks (7—9), but
the bene fits of coordination are likely to be even greater for connectivity ef forts in
rivers because the dendritic nature of drainage basins makes them highly suscepti-
ble to fragmentation (10—12). DMigratory fishes, which support major fisher-
tes and ecosystem processes, are particularly vulnerable to life cycle disruption by
the millions of dams and road crossings that fragment the world’s rivers (13,
1. G F 5 — 8O

S5 B @ B 38, EA TS A B 0 LR AR A R GRS R AR W 2 R e 1
FEIKEh T, I “worldwide” 5 1 T 0@ (1 HEE 2R TR . MOQBEEESAL TS
fifk AL B A TR W o 32 m) 1Y R SCAE TR I Y L BR G TE ¢ Land scape corridors” Hl
“dam removals”, F]Q~ @4 T YA F 00 BRI 3% 88 P ) — 2o ik SO R FR M. X
but AV SCHRIR) R S 1 0 15 0 1Y 07 2098 0 3R FL R AE AE 0 0] 8, ik 2 R AR AT 2
B —FSAER TS . ) © ] when” JT Sk AE AR 9 V81 P 90 9 F 22 1 F 5 R RaE — 2B W8I
@ Transboundary coordination” X —HE &, WER T 58 H W ) “spatial coordination” , [d)
IHEWF SRS R IR E B T “rivers”, A @M “which” 51 1 “Migratory fishes” , BE4& W] T 0F 5% &
BEOYRE AN LS T IR RRAR A

(D Here, we investigate the value of coordinating restoration ef forts in space

@® Neeson T M, et al. Enhancing ecosystem restoration efficiency through spatial and temporal coordina-

tion. Proceedings of the National Academy of Sciences of the United States of America, 2015, 112(19): 6236-6241.
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and time to maximize ecological connectivity between the Laurentian Great Lakes
and their tributaries. @ The Great Lakes Basin (GLB) contains 217 of the world’s
surface freshwater and is home to more than 33.5 million people (15). @ High so-
cietal dependence on lake-derived ecosystem services includes US $ 7 billion annual-
Ly in economic activity related to recreational fishing (16). @ Historically, breed-
ing migrations of dozens of native fish species formed an important ecological
link between the Great Lakes and their tributaries (17). @ Today, hundreds of
thousands of dams and road culverts partially or fully block historical fish mi-
gration routes (18). ® There is growing investment in removing or modifying
these structures , but project selection has been largely opportunistic and driven by

local priorities. (5] T % —F%)

5 T B A O AR o, [ERE et 2 W E (coordinating +++ in space and time) 3k — 55,
FHAEH TARCWIFR X, RO ~ONF T HF5 X W FEAFRIE Kk B4k 3 . M@ FRik T KT
WA IR AR IR & . X B priorities” 5B i) “tem poral coordination” %f R .

D Barrier removal projects to restore tributary connectivity are selected and
funded by a diverse set of actors operating independently at dif ferent spatial
scales across the GLB. @ Most road crossings are managed by counties or states,
whereas impacts of dams are addressed at the watershed , state, federal, or even
international level. Q) Funding to restore connectivity is often disbursed as small ,
one-time investments , but large pulses of public investment are occasionally availa-
ble, as within the $ 1.2 billion Great Lakes Restoration Initiative (19). @ Al-
though connectivity restoration ef forts have been piecemeal . the GLB has a long
history of collaborative management of shared resources, including binational
treaties regarding fisheries, invasive species, and water quality (20). ® The suc-
cess of these initiatives demonstrates that large-scale coordination is feasible and

= =

that large pulses of spending can be arranged when justified. (3] & % = &)

5 Z BONIE 23 A RS2 fp 1 W IX RIS B TARRBL . A O @7 T B e a3 (] b i) 3 3%
TP Y AR S R AR B R R AR DL . A O M EE A A i ] B R BT A B, A1 @
O 18 3 2 9130 W RO 3 18] P el e 2 T A7 Y

DOWe used a return-on-investment framework to analyze potential ef ficiency
gains from coordinating barrier removals at a range of spatial scales (county,
tributary, state, lake, nation, or GLB-wide) and temporal scales (a single
“pulse” of investment vs. the same amount allocated as a series of 2, 5, or 10
“trickle” investments). @ Returmon-investment approaches are known to outper-
form alternative strategies such as purely minimizing cost » and maximizing bene-
fit irrespective of cost (21). @Our mathematical optimization model identi fies the
portfolioof barrier removal projects that provides the greatest increase in total

tributary channel length (hereafter “habitat”) accessible to migratory fishes for a
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given budget. @ Channel length serves as a surrogate for gains in spawning habitat
across the entire fish community and is widely used in restoration planning in lieu

of high-resolution spawning habitat maps for individual species. (5] & % v 5&)

EUBEXT IR TR A M ORET L —B R EZE, b T A SO it
. BOQNA T “return-on-investment framework” I F L RERE . B 5 A R A
5T R B AR AL ) K BUE I

DOWe applied this model to a comprehensive barrier inventory for the GLB,
encompassing 6,692 dams and 232,068 road crossings georeferenced within the
661 largest tributary watersheds (18). @ For each of these structures , we estimated
the direct economic cost of restoring full passability (removal of dams or retro fit-
ting road culverts) and the net upstream habitat that would become available . and
we used estimates of the current passability of each culvert (22). Q) Barrier pas-
sability is defined as the proportion of fish able to pass through or over a barrier
to migrate upstream. @ Because dozens of partially passable structures o ften sepa-
rate headwater spawning grounds from the Great Lakes, we calculated the net
probability that a migratory fish could reach the area upstream of a particular
barrier as the product of that barrier’s passability and the passability of all
downstream barriers (hereafter, the “cumulative passability” of a barrier).
®Similarly, the net benefit of any barrier removal includes not only full access to
the unobstructed area immediately upstream but also partial access to areas above

successive upstream barriers until cumulative passability declines to zero. (3] & &

J& — B0

G e a — B BB G T B AW 58 A B R O
JE I 8] &
JIE B IR A E R S IR R BUE B A R A R A TR 5] L

R«

(L) A3 T B0 A 5 A E 5 B 2 5 T AT A {FLJR: A U 90 0 4 i N A 18 18R O T
AR (2)FI S SCRR sl 5 MR TH e R f 2> sl it )55 A 57 . %0 Rl o oh -7
B SCBRAS BN B R SCER B et AN 2 . (3) KB A SCRR I A 045, 5 T K Ik =
B G R B R B i i

F=T BEE54%3

—RERF

Lo 51 &2 full text eSS 0 —A8 0. AR MR SR 0], 70 8 85 515w W1 E
AR R S A L B SE 3 1812 5 AEAR 20 D p e B R I T 200 M R0 R P A B AR

o« 85



M X EETTE TN

AMEE AR IR B X B F B EM RN R WL RS T 3RS ATk,

) 2 5 B3 o R ) e AN B T SO R i — A B AR T SO B R Y
3 logic flow J& e, Fx A,

2. ARPRHEBE I RO E 22 R KRS KB B L85 F A AL/ R IT, T —Bils . M At
A HERREEZESBERNEIER? JRRRZ A W A Z 0. B 305 FE Ak, % 05
PR A2 25 1 i R AN i 22 R 25 08 7 SIS0 A AT A e B2 L FHO A1

HW ) 2= E T LA A O RSk B v, 2230 TR — 20 [ O B 00 SO S K B B
B U I B A0 42 - R DL A AR SCE PR R Ay

3. RV T ARG F AN EEN ., #I e AR RE — T B RS R TS
Mt st, A0SE8M AR EZWE AT SEEF L ARFES ACHEERLLT,

B2 AT AT 2T L ORI B . 1 55 AT 8 SR B R 11
ANEAE— 5 B 75 Z AW 1Y) edit,edit,and more edit,

—REES]

Lo ROIPET . 2 bloR A UFIT IR S 01 0 A 09 07 05 e JLRE A “2 Bk st 7 s A top ]
Tl BB R RIS A HGF B2 AT B AT o — D iR S E B AR AR R TR

2. SERA CIESCHIH B S 51 WA S B 5 AR OCRR PR AR =
SRV AR 2 i BRI 3 TR 57 S R L I — i B S R ok . B A TR R TE
Y SRt L e A T B

MRAFFERE%5] 5 784G BIFR 55 SRS %A TR IR L ik
AIRKRIETE =S (8 B M T7 - I 20 T OB M 58 3 . ELE — i : edit, edit.and more edit.,

e 86



