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Abstract ; The simulation model described in the first part of this paper is extrapolated into the whole study
area in combination with the water balance data. Total nutrient input and output can be calculated from
the model. Validation against field data indicated that the preliminary model is robust enough to simulate
the nutrient distribution in the system (correlation coefficiency Rrn= 0. 717; Rsgp= 0. 821, higher than
the significant value 0. 708).

But the process model used for the reed field is much too simple compared to the model used for the
canal system. A more sophisticated linear regression model based on Mander and Mauring’s work (1994)
was finally adopted for the reed system.

Nitrogen

Y = — 0.005 + 0.61X R* = 0.84, n = 41
Phosphorous

Y = — 0.013 + 0.85X R* = 0.98, n = 35
Where Y is retention and X is load, both in g/m* « d for N and mg/m* « d for P.

Compared to the field data based model, Mander-&-Mauring’s model is less accurate in predicting the
nutrient reduction at specific points, but good enough for estimating the total removal by the reed-canal
system. It is also more general and can be easily adopted for other wetlands with similar situations. More-
over, it avoids the water data, which used to be a big pitfall in the former field data based model.

According to the simulation results, about 3200~4000t of TN (total nitrogen), and 80 tons of SRP

(soluble reactive phosphorous) can be removed by the 80,000 hm?* reed-canal system during the irrigation
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period in 1998. But the reduction capacity is 10 times higher than this value, according to the simulation
based on the highest input concentration at the pumping station. Therefore, there is a great potential for
the wetlands to remove nutrients. The limitation factor in the Liaohe delta is water, not the wetland’s a-
bility to remove nutrients.

The simulation model also indicated a “mutual compensation” for the nutrient reduction in the reed
system and canal system, so that the total reduction rate remains relatively stable in spite of the input con-
centration change at the pumping station. It is 66% for total nitrogen and 90% for soluble reactive phos-
phorus, respectively.

There was no big change between the nutrient removal in 1988 and 1998, provided that the input wa-
ter and nutrient load at the pumping station is the same. The main reason is that the total reed area did not
change so much during the 10 years, though the area of each small irrigation plot changed differently.

According to the estimated nutrient balance between input from irrigation water and output from reed
cutting, the input is far lower than the output annually. Therefore, accumulation problem can be ignored
from this irrigation system. The extensive reed marsh can be used for nutrient removal before the polluted
water running directly into the sea. Thus eutrophication problem can be avoided to a large extent.

Key words : Spatial Modeling; nutrient reduction; estuary wetland; Mander-Mauring model
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) . 1 11 .
0.1% Table 1 Water balance and total amount of TN (total nitro-
0 s
gen), SRP (soluble reactive phosphorus) input during each
° time of irrigation, in the irrigation area No. 11
(3) 03/10~ 04/20~ 06/01~
Irrigation period 03/30 05/10 06/15
’ + Qpump. (m?) 36288000 36288000 27216000
’ + Qrain (mm) 5 28 30
80mm , —Qep. (mm) 160 100
. — Quanal (%0) 0.1 0.1
(4) 7Qs()i\(mm) 80 80
TN (mg/D) 7.33 3.22
. 15~ 20d £
SRP (mg/1) 0.14 0.235
° TN [€9) 266. 0 87.7
o SRP () 5.0 6.4
o s Qout ( ) (m?) 8687910 — 1448457 514136
Qout/Qpump (%0 —3.99 1.89
* : 170 km?; +Q: ; —Q:
s 1998 } ’ °
1 9 b
) ’ o
2 1, , (Qou) s
2,
2
Table 2 The water input and output in the irrigation areas of Liaohe Delta (m®)
03/10~03/30 (20d) 04/20~05/10 (20d) 06/01~06/15 (15d)
id
Input Output Input Output Input Output
11 36288000 8687909 36288000 — 1448457 27216000 514136
12 3628800 — 716077 3628800 — 2312536 2721600 — 1482329
21 18144000 15568083 18144000 14627482 13608000 11119128
22 51148800 20112669 51148800 8718191 38361600 8337772
23 21600000 14416158 21600000 11782301 16200000 9252598
24 34560000 25799136 34560000 22590108 25920000 17449270
31 10368000 8568083 10368000 7909991 7776000 6036402
32 23500800 17245204 23500800 14953401 17625600 11576915
33 6220800 —541722 6220800 — 3026297 4665600 — 1877422
41 7776000 5649649 7776000 4870560 5832000 3775934
42 8467200 7319226 8467200 6900182 6350400 5241302
; , [1], 3
2 s 12 33 )
9’ ’ o
(TND (SRP) s 3.
80cm

hm?
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4000t , 8ot 4), , 80% 90%
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Table 3 The nutrient input in the irrigation areas of Liao- Table 4 The total input and calculated output for TN and
he Delta SRP in the reed fields
03/10~03/30 04/20~05/10 06/01~06/15
i (20d) (20d) asd) Irrigation Input Reduction  output
TN SRP TN SRP TN SRP period /L) (O ® % ®
. t t t
11 450. 6 3.0 266.0 5.0 87.7 6.4 me ’
12 45.1 0.3 26.6 0.5 8.8 0.6 TN 03/10~03/30 12.42 2741.0 2154.7 78.6 586.3
2l 2253 L5 18LLO 2.5 43.9 3.2 04/20~05/10 7.33 1627.4 1387.9 85.3 239.4
22 635. 1 4.2 375.0 7.0 123.7 9.0 06/01~06/15 3.22 542.7 478.8 88.2 63. 9
23 268.2 1.8  158.3 2.9  52.2 3.8 : one ‘ : o
24 429. 1 2.8 253. 3 4.7 83.6 6.1 Total 4911.1 4021.4 81.9 889.6
31 128.7 0.9 76.0 1.4 25.1 1.8 SRP03/10~03/30 0.08 18.2 16.7 91.8 1.5
32 291. 1.9 172.3 3.2 56. 4.1
8 7 )E_j 8 04/20~05/10 0.14 30. 3 27.8 91.7 2.5
33 77.2 0.5 45.6 0.8 15.0 1.1
41 96. 6 0.6 57.0 1.1 18.8 1.4 06/01~06/15 0.235 39.1 35.1 89.8 4.0
42 105. 1 0.7 62.1 1.2 20.5 1.5 Total 87.6 79.6 90.9 8.0
4 , s , s
b 9 o
1.2
[2]
b b o
b
5
b
« ” Table 5 The comparison of experimental results and non-lin-
b .
early simulated results for total nitrogen (TN) and soluble re-
‘ ’ active phosphorous (SRP) in the Liaohe Delta
’ ° TN SRP
5 o
n=12, 0.005 . Sample points Field data 51mula11110n Field data Slmu}allllon
0.708", (mg/Ly Y (mg/Ly
i & (mg/L) & (mg/L)
° ’ 50m  5.100 1. 834 0.170 0.161
4 1 500m  4.130 4. 255 0.100 0.132
(R>0.7, n=12), Data 2000m  4.590 3. 697 0. 094 0. 104
R 3 set 6000m  5.019 3. 257 0. 060 0. 082
one  Ocm 1.530 2.958 0.043 0. 069
9
80cm 2. 289 2.059 0.028 0. 045
’ 50m 3. 387 3. 145 0. 082 0.073
2 500m 4. 797 2.713 0. 066 0. 059
80cm o Data 2000m  3.402 2.297 0. 089 0. 046
s set 6000m  1.500 1. 968 0.072 0.035
two  Ocm 3.129 1.703 0.038 0.023
b
80cm 1. 255 1. 185 0. 046 0. 015
, 30. 4%,
, * 1) Rrn= 0.717; Rsgp= 0. 821.2) 1
-
34. 80% o ’ 2 .3
s 50, 500, 2000, 6000m

80cm .
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Fig.1 The modified program flow chart based on Mander-&-Mauring’s regression model
The left side shows the logical steps while the right side provides the Arc/Info commands
6 Mander  Mauring
Table 6 The total reduction of TN and SRP in the irrigated reed fields, based on Mander-&-Mauring’s regression model
Irrig. period (mg/1) (1) (1) %) (1) %) (1) (%) (t)

TN 03/10~03/30 12.42 2741.0 824.6 30.1 988. 6 36.1 1813. 2 66. 2 927.8
04/20~05/10 7.33 1627.4 550.0 33.8 532.0 32.7 1082. 0 66.5 545.4
06/01~06/15 3.22 542.7 242.5 44. 7 122.6 22.6 365.2 67.3 177.5
Total 4911.1  1617.1 32.9 1643. 2 33.5 3260. 3 66. 3 1650. 8
SRP 03/10~03/30 0. 08 18.2 10.7 58.8 5.5 30. 2 16. 2 89.0 2.0
04/20~05/10 0.14 30. 3 16.5 54.5 10.2 33.7 26.7 88.1 3.6
06/01~06/15 0.235 39.1 20. 4 52.2 14.0 35.8 34.4 88.0 4.7
Total 87.6 47.6 54.3 29.7 33.9 77.3 88. 2 10. 3
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Fig. 2 The relative nutrient reduction rate of the reed/

o
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canal system at different input concentration levels

]]O (mg/
L) ,  Mander Mauring (g/(m*+d) mg/(m*+d)) .
Mander  Mauring s 80cm
. , (mg/L) (g/(m*«d) m/(m?+d)),
( 10mm/d), . 08,
i ., 8

7 Mander-Mauring

Table 7 Comparison between field data and simulated data from different models (g/(m? « d))

TN SRP
- Mander- - Mander-
Field data Li model Mander model Field data Li model Mander model
Surface 0,082 0,086 0,094
Outlet ELV EL 0,042
Surface 0,108 0,086 0,080 EL EL EL
Outlet EL EL 0,036 EL EL EL
Surface 0,023 0,016 0,020 EL EL EL
Outlet EL EL 0,013 EL EL EL
Surface 0,108 0,062 0,068 EL EL EL
Outlet EL EL 0,032 EL EL EL
Surface 0,033 0,017 0,019 0,001 0,001 0,001
Outlet EL EL 0,012 EL EL EL
Surface 0,016 0,030 0,035 0,001 0,001 0,001
Outlet EL EL 0,019 EL EL EL
1 EL: . s s
s (R=0.941, 8), Man-
der-Mauring . (R=0.836),
(R=0.904), 7 o

s N s o 4 6
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Table 8

and simulated data sets

(n=12)V

Correlation coefficiency (n=12) between field

- Mander
Li model Mander model
h TN Field data 0. 941 0. 836
- Li model 1. 000 0. 904
o SRP Field data  0.047 0.047
- Li model 1. 000 —
1 n= 12 0. 780
( Q = 0.0005)%]
s C 9,
1998 s 3731t 234t o
s o
(87.6t) ,
: s . N N
o 9 10 s
9 10l
s Table 9 Nutrient output with reed harvesting in winter in
s the Liaohe Delta
Concentration . Total Nutrient
6 production (t) output ()
1988 Stem 0. 415 5200 2158
N Leaf 1.210 1300 1573
Stem 0. 045 5200 234
° P Leal 0.121 1300 157
’ D 80,000 hm?, 10
’ 10 )
Table 10 Global budget of nutrient elements in the reed
’ system (t)
° TN SRP
Input in spring 4911.1 87.6
Lo, Output in winter 3731.0  391.3
. s o
bzl 3 5,10,15cm .
3 s
s 12,

2.92 t 716t

o
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Table 11 Ten years change of the wetland reduction for Table 12 The maximum nutrient removal capacity for the
nitrogen and phosphorous irrigation water in spring
1988 1998
Input . . . . .
Lericati od Reduction  Reduction Lericati od Nutrient input Water input  Reduction
rrigation period (/) (o S 5 rrigation period (/) (0 (em) (10°mY) (O
TN 03/10~03/3012.42 2741.0 1801. 4 1813. 2 TN  03/10~03/30 12.42 7763.9 5 625.3  5022.9
04/20~05/10 7.331627.4 1069.7 1082. 0 04/20~05/10 12.42 15527.8 10 1250.5 12786.7
06/01~06/15 3.22 542.7 353.0 365. 2 06/01~06/15 12.42 17468.7 15  1406.8 11393.3
Total 4911.1  3224.1 3260. 3 Total 40760. 4 3282.6 29202.8
SRP 03/10~03/30 0.08 18.2 16.1 16.2 SRP  03/10~03/30 0.235  146.9 5 625.3 128.6
04/20~05/10 0.14 30.3 26.6 28.2 04/20~05/10 0.235 293.9 10  1250.5 275.5
06/01~06/15 0.235 39.1 34.3 34.4 06/01~06/15 0.235 330.6 15  1406.8 312.2
Total 87.6 77.0 78.8 Total 771. 4 3282.6 716. 3
¢ 12 ) - C 6 o
o ’
N b o
4
b .,
, . ;,Mander = Mauring
b o 13 b b
13
Table 13 Comparison of advantages and disadvantages of the two models
Mander-Mauring
Field data based model Mander-Mauring model
+) ) ()
Accuracy More accurate Less accurate but significant enough
(—) More specific for s
Generality the study area (+) More general and can be applied to

Water data dependency

Output value dependency

Field data dependency

Flexibi-

lity on input concentration

other areas
s (+)
(—) Depend on Not depend on water data
water data, which may cause more prob-

lems

(—) The

reduction is dependent on the calculation (+) The reduction in the reed field can
result of output from reed field be obtained directly

(—) Totally de- s
pendent on field data (+) Less dependent on field data once
the needed parameters are settled

+)

Flexible

(+)
Flexible

1 + ;
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