Valentina Krysanova
Frank Wechsung
Jeff Arnold

Ragavan Srinivasan
Jimmy Williams

5

Wik WEEks BEW 7 K
wE BE MK &8 FBe
B

QS & &k de

=>c= (China Meteorological Press



SWIM BRI

( /&) Valentina Krysanova, Frank Wechsung =

( £)Jeff Armmold, Ragavan Srinivasan, Jimmy Williams
FAE WA REE 5 R R R g
FOR KA 7 B FHO

O X LY ¥

=== China Meteorological Press



BRI

SWIM R Z7E SWAT FI MATSALU BERIEERE b oF A (AL TR, 256 1 B RUBE AR 7K 3C AR 8
BRI FBLR, Brh KRERASOKEER G TR T A R REN LA LR, NITRK
FRERRAL T A 0 TR, e A B TP R AR AR A A i R A/ 2 2 A R oK B R IR A 52 g K
XEROFF o A5 IR, MBLRIBEAR (2 AR AU 4518 BIME & 24T, RiE 2 WA 4 T SWIM i)
FA TR LA BRI, W AT B L A G L AR A RS

EH7ERRS% B (CIP) #iE

SWIM I FHIE R/ (£2) 5235 & FL(Krysanona, V. ) 3 A IA 57315
Jbm . KSR Rt ,2011.3
ISBN 978-7-5029-5185-6

1@ 1.0 . OKCKE - FEHR
V. DP339-62

H [ AR 51 CIP B+ (2011 ) %5 038611 =5

SWIM #= B {E RS
Valentina Krysanova, Frank Wechsung, Jeff Amold, Ragavan Srinivasan and Jimmy Williams 3

HARZST: KR HRAE

H b JEEEHEGE X OCRTR K 46 5 MBE[ 4R A5 : 100081

B 4 =: 010-68407112 & 17 #: 010-68406961

R HE: http://www. cmp. cma. gov. cn E-mail . gxcbs@ cma. gov. cn
RERE: Ketst EXF % B B

HERT: HHReLR) RiERE: ZeF

RERR: & #

BN Rl Jbsteas DA 4T IR A E

FF A: 787 mm x1092 mm 1/16 Bl 3. 12

¥ ¥ 314 TF

R k2011 4E4 51 4R ED R 2011 A4 BAS 1 RER
£ #r:35007C

ZRAQITFAE ST AT U E1 L BT B DT B 5%, 3 oAk AT ¥R 2 e



20 A LISk, £OKBEEEVLH 3R H . KFRESLL ARGt
REFT A TR B VIR R, 2 ok 25 8 5% Al Rpd &k J S 1 19 8 4 [A)
o AMRAE G E 3 S BORR B G K BER AL, TSR AR X K B TR A
M B0R 2 A=A 2 A TR 5 ) B o (] T, 0 2K SR B VR B 9 IO B R TR R, oA
T 3E SRR TS SR I R MK SOK BRI S 2 57 A e BE 5 TR
DL HEME B RGE GE RS DA MAR TR, LAY BRSO BB 434 2K X
FRRUEAS T AR K8 , SWAT (Soil and Water Assessment Tool ) 25 7E N IH)— &
B K SCHEAIFR R IZ M A . SWIM(Soil and Water Integrated Model ) BiBI4E Ky
53 AT 2 oA FOK SR — A R R, R T SWAT Al MATSALU AL
FMR, — 8 7K A HIBRMAM BT R T Bk 3h )22 Ry
H ROBER A R

SWIM A7 2l 3R FE 7R WK SCAT FR AL , B 58 S AR AR TS i p)-—
M REEE , BRIV AW KSR E SN EE TR, HTALR
AR X KGR A T 52 F 2 X (B R il X A 3+ X
(R RIRE) FEAT K BT BRI 5T , LA B 24 0 9 R e AR AL A - o A 1/ 78 o5
AR BRI K SOK BRI 7T BE R A 5T . BRI Y 2R SRR T
JKBEPRIT AR R e e R RUE (BJLE JLT s8JLT 7 T2k) B
FAK G B H AR A R B RARAE T A T K, B, Hirs i — 4t
Yy Pl i1 %] (IGBP) HEZR{A 2 v (1) /K SCHEER ¥ 2 4 B 18T ( BAHC) 95 1 I —
AT RBRAR , 2 %o AN Ta] ROBE (A0 A /K SO A 253 8 22 1] 8 2 i AH LA
PEAT A I8 AR AR A, . SWIM 557 B8 8 1R 17 485 3R B AR 1) A 25K St
Fe., I, 27 2] SWIM BRI T RIFFE 048 K S0 AR S5 4 2L A J 8 (0 7



Mo SWIM AR B 7 1 5 b T B U 22 23R A5 2 B B WA, S
BRI K SC A K R R R R A AR AT T ARG L, SRR E B b AR
T 100 F3CHk. H TR E A T3 AT T IR EOK RO 1
I FH A 0] RS 5, B L o A0 280 I 18 4 A 2 A X 7K SR 5% T 1Y) 52 1) 2
i H , HREEPEAL TASUK 3 BE IR0 A I 2 R AT A A AR A o 2K SO 34 1 2
W], 38 U 7 R M A A8 K 28 4 A R T Bl K B 4k 2 28 T A R R R o A 4
(B

FE KA DRSO T X URAE AL WPl BUR AT & B AR
{57k U B RN SE R EAG 7 15, A B N AN A= 3 J TG LA R L 55
N3 BB AR T B0 S IR R KRB B SR B AL sE i P Ak By
B, IR T — RN URASA 2 255 PRA Jr v O N T 51, £ 4 2009 471
SWAT A v [ i B5 I BE, 5 78 B A% i A 52 i ( PTIK) SWIM B & &
YERFFE A AR A Xof ] T g 3P 32 e 4 o SWIML A 2 — 437 ) 7K SCASE 4
TR, BHj7E T E SRR Dl 25 B R E1ED , BB A S 2,
PR AR AV AN Z5 M B B iz W B 26 . ZHZURIE SWIM {88 AT 45 F 5 %o
BEITE T e R, R B RAFAE T o A< 4552 SWIM BEARLTE il A fu A
HIKATFHRUELT

ABIAEF A PEE BRI R Z W A58 BT Valentina Krysanova {8 4= I
Frank Wechsung 181, 3& [{ &\l %F Jeff Amold 18 1, Ragavan Srinivasan {8 |-
Al Jimmy Williams {1 A5 f i 2009 4 i ) S5 m S AR AR 4k L 5 v
F IR AR S X K B R e DAL B G Y FR R RN E K A
WF9E A TR0 H SRR 3 (] A 5 2 KUK i M AR (A S5 /K B8 U8 42 4 1Y
M SOERNXT R BB . EER P OZ AR RAA T, s ER T
RERF T R R BB X R 6 X A B T, R SO I A
ik CEH AR EEE , LRBUTE R e BN A TR, B ER LT
B AR RN BRSO XUMIAR LA e 8 R 500 B AR TR T
Bl EL,

B T iE 2, JUHEAR B A B i & e, ZE AR B0 BR P AR
FEZAL, B REE A A b BRI, DME T3 — 2P S e

Pt
2010 £ 10 H 8 H

2 | swIM BRI RT#STE



Preface 1

Development of integrated modelling tools for hydrological and water quality modelling at
the river basin scale is needed for supporting water resources management. This is especially
required in regions dominated by intensive agriculture (problem of water quality) , in densely
populated areas with intensive land and water use ( problems of water supply and water quali-
ty), in arid and semi-arid regions ( droughts and water scarcity) , and in areas subjected to
floods (flood protection). Despite all the uncertainties involved in hydrological and water quali-
ty modelling with often limited input data, such tools are very important for supporting water
managers and policy makers. It would be impossible to evaluate the effectiveness of land mana-
gement measures, impacts of changes in land use and climate on water quantity and quality
without using the integrated hydrological and water quality models. The dynamic river basin
models driven by climate conditions and land use provide functional and useful tools for creating
river basin management plans and for evaluation of possible effects of changing conditions.

Depending on the objectives of model application and availability of observed data,
hydrological and water quality models of different complexity are used; from conceptual mo-
dels based on statistical and empirical relationships to process-based and physically-based mo-
dels derived from physical and physicochemical laws. The latter ones often include some equa-
tions based on empirical knowledge. The simplified conceptual hydrological models suffer from
a lack of description of important physical processes, e. g. representation of soil column and
water movement through soil layers. As a result, it is difficult or even impossible to integrate
biogeochemical processes, which are necessary for describing water quality relationships, in
such models. The dynamic process-based models have many advantages compared to the con-
ceptual models. The ability to provide projections for scenario conditions based on preliminary
calibration and validation is one of the most important features.

The modelling system SWIM ( Soil and Water Integrated Model) is a continuous-time



spatially semi-distributed model, integrating hydrological processes, vegetation growth (agri-
cultural crops and natural vegetation) , nutrient cycling ( nitrogen, N and phosphorus, P),
and sediment transport at the river basin scale. In addition, the modelling system includes in-
terfaces to the Geographic Information System GRASS and MAPWINDOW , which allow to ex-
tract spatially distributed parameters of elevation, land use, soil and vegetation, and to create
input files describing the hydrotope structure, and the routing structure for the basin under
study. SWIM can be assigned to the ecohydrological process-based modelling tools of interme-
diate complexity.

SWIM is based on two previously developed tools—SWAT and MATSALU. SWAT was
developed in USA to evaluate the effects of alternative management decisions on water re-
sources, sediments and agricultural pollutants (nutrients, pesticides, bacteria and pathogens )
in mesoscale and large river basins. SWAT is a public domain tool, and there are numerous
SWAT applications worldwide for hydrological assessment and water quality assessment reported
in the literature. The MATSALU model was developed in Estonia for the basin of the Matsalu
Bay and the bay ecosystem to evaluate management scenarios for eutrophication control.

SWIM was developed first of all for climate and land use change impact assessment in
Germany and Europe. Many processes are described identically in SWIM and SWAT, though
there are some differences. One of the most important features of SWIM is a more advanced
spatial disaggregation scheme, namely: hydrotopes (or hydrologic response units) are spatially
identified in the model code, and there is a version of SWIM, where also the distance from the
hydrotope to the subbasin outlet can be considered. However, SWIM has also some simplifica-
tions compared to SWAT: e.g. it does not include modules for pesticides, bacteria, reservoirs
and lake water quality, which are considered in SWAT. Recently, several model extensions
were added to SWIM: for wetland processes, carbon dynamics, and forest processes.

The SWIM model was extensively tested and validated in mesoscale and large catch-
ments, mostly located in the Elbe River basin in Germany. The validation was performed for
hydrological processes ( water discharge, groundwater dynamics, evapotranspiration) , nitro-
gen dynamics (N and P concentrations and loads) , crop yield and erosion. A special test of
the model transferability was performed using a Monte-Carlo technique. Recently, SWIM
application was extended to the whole German territory (about 357000 km®) divided into five
large river basins. It was proven that after extensive validation the model can be applied for
impact assessment at the large regional scale in the temperate zone.

However, the model application in other geographical and climatic conditions, like Chi-
na, may require additional model adjustments. Also, different data availability should be ac-
counted for. It concerns especially input climate data and soil parametrization.

The climate stations density and climate data quality are especially important. Scaling

issues considering the river basin area, the average subbasin and hydrotope areas, and the
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Preface I 3

number of climate and precipitation stations, and how they may influence the modelling re-
sults, should be investigated for new regional applications outside Europe.

As proven in the previous model applications and tests, soil parametrization is also very
essential for SWIM outputs. Therefore, additional efforts may be needed if soil map is too
coarse, soil parametrization is poor, or some parameters are missing. Using of global soil maps
for the regional scale is not recommended. Application of global (i. e. basin-wide) correction
factors for estimated soil parameters is possible in such cases.

Besides, a special attention should be paid to crop scheduling, which may be quite dif-
ferent from that in Europe. Previously the model was tested and validated for several major
crops, which are common for German conditions, such as winter wheat, winter and summer
barley, rape, potatoes, mais, etc. Therefore, the model should be tested in advance for new
crops (e. g. rice), translating specific regional crop scheduling and practices in the code,
and using crop yield data for calibration and validation. Usually, only one major crop and a
catch crop are applied annually on arable land in Germany, and the SWIM model includes in-
put files for that. However, if two crops per year should be included, the corresponding input
file has to be modified.

In general, the potential users should keep in mind that the SWIM model is quite compli-
cated, and it cannot be used as a black box. Understanding of the model code is a prerequi-
site for successful applications.

Moreover, the modeller should remember that uncertainty is always included in the mod-
-elling results. There are different sources of uncertainty, which should be analysed and used
for the interpretation of modelling results; in input data, in model parameters, and in the
measurements used for the comparison with the model outputs. Therefore, the modelling re-
sults should be interpreted within the uncertainty ranges related to uncertain model parameters
and input data.

The SWIM User Manual includes a short overview of the model history and model compo-
nents (Chapter 1) and mathematical description of hydrological processes, vegetation growth,
nutrient turnover, erosion and river routing ( Chapter 2). The structure of SWIM code and in-
put parameters are described in Chapter 3, and Chapter 4 is devoted to data preparation for
the model run. The User Manual and, to some extent, the code have to be carefully studied
by new users in advance. The current User Manual does not include description of several new
modules of SWIM and description of the MAPWINDOW interface , which will be included in

the updated version of the User Manual.
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