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Appendix A. Supplementary data
The inputs of the SMM algorithm are the time-variant pumping rate (), groundwater head (), in the observation wells adjacent to the Salt Lake recharge rate ( and initial  length at the beginning of each stress period and output are the net  length and  at the end of the stress period. 
To increase SMM model efficiency by using a dimensionless form of input parameters, pumping rates were sampled in an allowed range [0, 6450 ], and divided to  
. Regarding the large number of inputs (extraction rate), the domain is divided into 5 clusters, and a single SMM model is assigned to each cluster. 
The criteria for assigning wells to each cluster are based on the sensitivity analysis presented in Fig. S1a. The distance of the well screen from the Salt Lake boundary and the well pumping rate are demonstrated with vertical and horizontal error bars in Fig. S1a, respectively. As shown,  is affected by a high pumping rate from wells located in the middle of the region, whereas wells located near the lake boundary have a low pumping rate.  
Thus, the main SMM is assigned to the input parameters of 5 (cluster)×4 (season)+ 5 () + 4 () making the total number of inputs and outputs equal to 1728 (25 (years)×69 (wells)+3 (recharge and initial condition)) and 2 outputs, respectively. 
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Fig. S1. The sensitivity of each well on SWI rate and clustering zone for the surrogate model) vertical and horizontal error bars indicate the distance of the wells screen from Salt Lake boundary and the wells pumping rate, respectively, b) Domain geometry and different agricultural zone based. , , , ,  are the representative of pumping wells in the different agricultural zone including Serajeh,  Dolatabad, Malekan, Noran, and Mohamadabad, respectively. 

Approximately 1600 samples of pumping rate and TDS concentration were generated by the OLHSM and then used for training 6 MDT models. The lower and upper bounds of the 8 input samples in the SMM model, corresponding to , , , ,  ,   ,  , and  are between (1900, 68500 ), (550, 22000 ), (300, 7600 ), (460, 16100 ), (850, 33110 ), (688, 806 ), (105, 608), and (), respectively.  Fig. S2 shows time-variant groundwater head and TDS concentration along the sampling point (Fig. S2f) for 200 databases over a 2472-day stress period.  
	
	

	
	

	
	
f





Fig. S2. Time series of TDS concentration over 5 databases (Each database includes 50 samples).

Fig. S2d shows the cells exposed to saltwater intrusion; thus, the TDS concentration increases with time whereas, the other sampling points are far from the salinity sources and the TDS concentration is reduced. Therefore, 155 sampling points are located around point D where the TDS concentration is higher than   Based on the dashed line demonstrated in Fig. S2a..e, after a range of times, the TDS concentration can be fitted using nonlinear regression models.  In other words, the TDS concentration simulated by SEAWAT is more likely to follow a regression relationship rather than sinusoidal behavior. As a result, the interval regression generated by the MDT was in good agreement with the simulated dataset.   To eliminate the effect of the dimensions of the input parameters, the natural logarithm of the extraction rate and original recharge rates were used for training the SMM model. Compared to the original input parameters, the non-dimensional parameters led to a 15 % improvement in the prediction efficiency.  
The best topology of a pruned tree after optimizing the nodes and leaves provides 22 regression models (see Fig. s3) which is summarized as follows: 
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Fig. S3. The structure of SMM algorithm. 
The generated regression relation (RR) indicates the local sensitivity of the input parameter to SWI. RR1 shows that if  and  < 4622   is the most affected by  and . The negative coefficient of  for all relationships, proves the inverse relationship between SWI and groundwater head near the Salt Lake boundary. Additionally,  is influenced by pumping from  and which are located adjacent to the lake boundary. However, in comparison to a large number of wells is located in  zone and hence  coefficient is smaller than Fig. s3 implies that,  is most effective parameters controlling , and thus, for the upper limit of  , the impact of , … rates on  length is negligible. Among the extraction rates from the 5 zones,  and   have minimum and maximum effects on  length, respectively.  
[bookmark: _Hlk183951500]Fig. S4 illustrates the trend of the 2 salinity indexes (TDS and Cl) at the beginning of the 6-years operation period. As shown, there is good agreement between Cl and TDS levels at 18 observation points (Fig. 5c) hence, TDS concentration is considered as the salinity indicator in this study. 
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Fig. S4. b) The salinity distribution considering to indexes such as a) TDS, b) Cl throughout the study area. c) The location of the observation points and their distribution d) The scatter plot of the observed TDS versus Cl level.

The observed salinity data (TDS concentration) are recorded in a monthly time step for one year before the operation horizon (6 years). These salinity data in 3 observation wells near Salt Lake (k74, k75, k77) are used to calibrate the SEAWAT model parameters. The graph of the simulated TDS by SEAWAT m and MDT model versus the observed values at the Observation well k77 is illustrated in Fig. S5. As seen, the RMSE value of the predicted TDS (250 ) by SEAWAT and MDT for validation step is less than 2 % of the maximum TDS values (12500 ), and thus the MDT results are in good agreement with the observed values. 
	
	




Fig. S5. The predicted TDS concentration by SEAWAT and MDT models versus observed values in Observation well k75.
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TDS(mg/l)



50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	6829.9170000000004	6828.0510000000004	6825.9279999999999	6823.7309999999998	6821.4769999999999	6819.1610000000001	6816.7879999999996	6814.3280000000004	6811.76	6809.1310000000003	6806.4560000000001	6803.7349999999997	6800.9740000000002	6798.18	6795.357	6792.5039999999999	6789.625	6786.7219999999998	6783.8029999999999	6780.8670000000002	6777.9139999999998	6774.9480000000003	6771.9679999999998	6768.9780000000001	6765.9750000000004	6762.9639999999999	6759.942	6756.9160000000002	6753.8860000000004	6750.8429999999998	6747.8010000000004	6744.7520000000004	6741.701	6738.6490000000003	6735.6019999999999	6732.5569999999998	6729.5129999999999	6726.4769999999999	6723.4489999999996	6720.4250000000002	6717.4059999999999	6714.3909999999996	6711.3860000000004	6708.393	6705.3990000000003	6702.4189999999999	6699.4489999999996	6696.4859999999999	6693.53	6690.5829999999996	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	6792.6090000000004	6790.5	6788.5129999999999	6786.65	6784.9229999999998	6783.3239999999996	6781.8339999999998	6780.4350000000004	6779.1239999999998	6777.8810000000003	6776.7089999999998	6775.5839999999998	6774.4979999999996	6773.4350000000004	6772.4	6771.3850000000002	6770.393	6769.424	6768.4759999999997	6767.5450000000001	6766.634	6765.74	6764.8609999999999	6763.9939999999997	6763.1419999999998	6762.2979999999998	6761.4690000000001	6760.6480000000001	6759.8370000000004	6759.0429999999997	6758.1059999999998	6757.0919999999996	6756.0690000000004	6755.0330000000004	6753.9870000000001	6752.9210000000003	6751.8459999999995	6750.76	6749.66	6748.5479999999998	6747.42	6746.28	6745.125	6743.9589999999998	6742.78	6741.585	6740.3760000000002	6739.1610000000001	6737.933	6736.6790000000001	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	6825.8580000000002	6823.6719999999996	6821.3950000000004	6819.098	6816.8059999999996	6814.5219999999999	6812.2520000000004	6809.9960000000001	6807.7520000000004	6805.5119999999997	6803.2730000000001	6801.0370000000003	6798.7979999999998	6796.5609999999997	6794.3230000000003	6792.0860000000002	6789.8410000000003	6787.5839999999998	6785.317	6783.0379999999996	6780.7460000000001	6778.4440000000004	6776.1279999999997	6773.7979999999998	6771.4579999999996	6769.098	6766.7269999999999	6764.3419999999996	6761.9409999999998	6759.53	6757.1090000000004	6754.6890000000003	6752.27	6749.8580000000002	6747.4480000000003	6745.0469999999996	6742.6440000000002	6740.2489999999998	6737.8549999999996	6735.4660000000003	6733.0789999999997	6730.6949999999997	6728.32	6725.9489999999996	6723.5810000000001	6721.2160000000003	6718.8540000000003	6716.4960000000001	6714.1459999999997	6711.7979999999998	Time (day)


TDS(mg/ll)



50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	10541.58	10594.15	10640.39	10683.81	10726.03	10772.33	10805.59	10833.81	10860.75	10886.4	10910.74	10933.77	10955.5	10975.99	10995.36	11013.62	11030.76	11046.81	11059.24	11068.16	11077.13	11086.16	11095.24	11104.17	11112.61	11120.49	11127.74	11134.33	11140.15	11145.11	11149.15	11152.2	11154.18	11155.02	11154.68	11153.06	11150.1	11145.77	11140.02	11132.79	11124.06	11113.8	11102.02	11089.86	11076.58	11061.7	11045.06	11026.36	11005.61	10982.85	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	10700.57	10717.18	10732.54	10747.34	10761.88	10776.24	10790.77	10805.27	10819.59	10833.71	10847.62	10861.32	10874.78	10888.01	10901.02	10916.36	10931.48	10945.96	10959.81	10973.05	10985.71	10997.79	11009.34	11020.34	11030.82	11040.8	11050.25	11059.12	11067.39	11075.04	11082.06	11088.37	11093.97	11098.84	11101.42	11101.17	11100.9	11100.63	11100.34	11100.05	11099.76	11099.44	11099.15	11098.82	11098.07	11096.76	11094.92	11092.54	11089.66	11086.31	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	10615.74	10628.33	10639.8	10650.99	10662.24	10673.68	10685.06	10696.52	10708.19	10720.05	10732.1	10744.29	10756.61	10769.04	10781.58	10794.17	10806.84	10819.54	10832.26	10847.63	10863.81	10879.53	10894.81	10909.66	10924.08	10938.1	10951.73	10964.97	10977.76	10990.08	11001.9	11013.25	11024.15	11034.63	11044.69	11054.3	11063.49	11072.25	11080.58	11088.5	11096.02	11102.14	11106.21	11110.02	11113.6	11116.95	11120.07	11122.97	11125.65	11128.11	Time(day)


TDS(mg/l)



50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5049.8689999999997	5058.3810000000003	5060.375	5055.8469999999998	5045.4040000000005	5030.4390000000003	5014.4089999999997	4996.4369999999999	4974.6670000000004	4948.4970000000003	4917.4679999999998	4881.8599999999997	4842.9930000000004	4801.3059999999996	4757.0789999999997	4710.5439999999999	4661.8940000000002	4611.2629999999999	4558.7669999999998	4504.5069999999996	4448.5889999999999	4391.1450000000004	4332.3180000000002	4272.2560000000003	4211.1149999999998	4149.0730000000003	4086.3380000000002	4023.1379999999999	3959.6869999999999	3896.2	3832.864	3769.85	3707.3020000000001	3645.3330000000001	3584.0030000000002	3523.346	3463.3719999999998	3404.1019999999999	3345.5509999999999	3287.7559999999999	3230.777	3174.5520000000001	3119.241	3065.0929999999998	3012.366	2961.3420000000001	2912.306	2865.5309999999999	2821.25	2779.654	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5040.6670000000004	5033.4740000000002	5026.6779999999999	5020.6040000000003	5014.4179999999997	5008.2950000000001	4999.9859999999999	4989.674	4977.3720000000003	4963.5739999999996	4948.8760000000002	4932.9939999999997	4914.8649999999998	4894.232	4870.9359999999997	4844.8379999999997	4815.9650000000001	4784.5590000000002	4750.6869999999999	4714.41	4675.79	4634.8879999999999	4591.7740000000003	4546.53	4499.2380000000003	4450	4398.933	4346.1750000000002	4291.8890000000001	4236.2550000000001	4179.4719999999998	4121.7470000000003	4063.2910000000002	4004.31	3945.0010000000002	3885.5369999999998	3826.07	3766.7260000000001	3707.605	3648.7869999999998	3590.3290000000002	3532.2640000000001	3474.598	3417.357	3360.6010000000001	3304.3890000000001	3248.7510000000002	3193.8870000000002	3140.0160000000001	3087.364	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5168.8779999999997	5136.4449999999997	5108.29	5083.567	5061.3919999999998	5041.1930000000002	5022.5749999999998	5005.0709999999999	4988.25	4972.0060000000003	4956.067	4940.3119999999999	4924.4369999999999	4908.3090000000002	4891.8289999999997	4874.9650000000001	4857.5529999999999	4839.2330000000002	4819.8530000000001	4799.259	4777.3239999999996	4753.942	4729.0209999999997	4702.4780000000001	4674.232	4644.2179999999998	4612.3850000000002	4578.6940000000004	4543.12	4505.6620000000003	4466.3410000000003	4425.201	4382.308	4337.7539999999999	4291.6499999999996	4244.12	4195.308	4145.3620000000001	4094.4349999999999	4042.6779999999999	3990.2370000000001	3937.2539999999999	3883.855	3830.152	3776.2350000000001	3722.192	3668.0859999999998	3613.9740000000002	3559.924	3506.0189999999998	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5090.6989999999996	5079.9799999999996	5069.8779999999997	5058.7920000000004	5046.5730000000003	5033.3519999999999	5019.3509999999997	5004.7780000000002	4989.8019999999997	4974.7139999999999	4959.5020000000004	4944.2349999999997	4928.9610000000002	4913.7179999999998	4898.5370000000003	4883.4030000000002	4868.3090000000002	4853.2049999999999	4838.0029999999997	4822.6360000000004	4807.04	4791.1210000000001	4774.7749999999996	4757.8950000000004	4740.3710000000001	4722.1030000000001	4702.973	4682.8770000000004	4661.6989999999996	4639.3130000000001	4615.6049999999996	4590.46	4563.7830000000004	4535.4979999999996	4505.5550000000003	4473.92	4440.5780000000004	4405.5360000000001	4368.826	4330.4920000000002	4290.6009999999997	4249.2359999999999	4206.4939999999997	4162.4790000000003	4117.3029999999999	4071.0819999999999	4023.931	3975.962	3927.2730000000001	3877.962	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5073.5209999999997	5058.6260000000002	5048.049	5039.1729999999998	5030.848	5022.5290000000005	5013.95	5004.9830000000002	4994.3119999999999	4982.7579999999998	4970.7079999999996	4958.1809999999996	4945.2089999999998	4931.84	4918.1289999999999	4904.1270000000004	4889.8850000000002	4875.4549999999999	4860.8999999999996	4846.2579999999998	4831.5450000000001	4816.7839999999997	4801.9799999999996	4787.1289999999999	4772.2160000000003	4757.21	4742.0770000000002	4726.7640000000001	4711.223	4695.3890000000001	4679.183	4662.518	4645.3	4627.4179999999997	4608.7700000000004	4589.2309999999998	4568.701	4547.0770000000002	4524.2579999999998	4500.1679999999997	4474.7250000000004	4447.8689999999997	4419.5550000000003	4389.7560000000003	4358.4579999999996	4325.665	4291.3980000000001	4255.692	4218.5910000000003	4180.1499999999996	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	5165.8469999999998	5138.0150000000003	5117.0169999999998	5099.7380000000003	5084.9470000000001	5071.933	5060.2430000000004	5049.54	5040.8329999999996	5032.7449999999999	5024.7920000000004	5016.8509999999997	5008.8059999999996	5000.5590000000002	4992.0249999999996	4983.1440000000002	4973.8609999999999	4964.1459999999997	4953.9780000000001	4943.3459999999995	4932.2539999999999	4920.7139999999999	4908.7389999999996	4896.3500000000004	4883.5770000000002	4870.4690000000001	4857.0600000000004	4843.3779999999997	4829.4459999999999	4815.29	4800.9229999999998	4786.3530000000001	4771.5829999999996	4756.6019999999999	4741.3869999999997	4725.9110000000001	4710.1239999999998	4693.9750000000004	4677.402	4660.3329999999996	4642.6859999999997	4624.3819999999996	4605.3389999999999	4585.4650000000001	4564.6729999999998	4542.8810000000003	4520.0129999999999	4495.9960000000001	4470.7669999999998	4444.2740000000003	Time(day)


TDS(mg/l)



CL (mg/l)	
6316	5598	3925	2864	5811	5832	3905	2014	6279	846	3448	8415	6269	3977	1865	6674	7695	11129	2029	1612	984	846	1717	1682	1275	422	2004	140	946	2958	2103	1331	389	2218	2814	3792	TDS (mg/l)


CL (mg/l)



Observed	1	2	3	4	5	6	7	8	9	10	11	12	7916	7976	7993	8023	8088	8130	8157	8230	8249	8295	8337	8357	MDT	1	2	3	4	5	6	7	8	9	10	11	12	8125	7919	8086	8045	8379	8003	8249	7955	8329	8205	8167	8289	SEAWAT	1	2	3	4	5	6	7	8	9	10	11	12	7890	7935	7972	8050	8095	8184	8197	8285	8345	8376	8393	8425	Time (Month)


TDS Level (mg/l)




0	132.4	0	55.1	103.6	0	148.30000000000001	0	244.5	178.4	71.900000000000006	0	127.4	126.2	0	0	124.5	205.6	83.6	146.30000000000001	260.89999999999998	183	100.7	100.7	127.4	0	48.4	263.7	302.10000000000002	89	165.9	112	149.5	103.6	110.7	123.4	83.6	65.599999999999994	142.1	146.19999999999999	64.7	59.3	242.4	98.6	25	92.7	49.3	58.5	0	0	0	10	27.5	1	357.31870927786582	257.40369072723104	610.30865961413326	560.59491613820398	216.32535681237187	169.07590011589471	62.901987250006655	519.42916745211755	470.74054424916494	374.40173610708592	155.32758930724444	112.72382179468543	120.4020763940556	438.33395944188487	304.14907529039112	194.61926934401947	172.24012308402476	187.18082166717829	596.25217819308637	549.82420827024339	296.72657447555991	264.26626723817782	237.96356864024375	220.03786037861755	216.78713061434252	231.9195119001418	615.84629575893371	527.11162005783933	443.20047382646152	513.2121004029425	349.76657930682859	583.39237225044349	475.09647441335539	395.07804292316729	615.7082588369268	514.2632205398321	461.56977804011387	441.40305843978922	426.17679430020587	416.43325995890382	724.06260779023796	650.26660686213927	584.31725971427545	506.75108287994806	720.97618545968635	654.51253616718452	597.46686937436129	536.0379277625791	827.633167532573	791.68596046664868	791.68596046664868	694.36061236219325	584.02624941007571	1	514219	514219	513719	513719	513719	513719	513719	513219	513219	513219	513219	513219	513219	512719	512719	512719	512719	512719	512219	512219	512219	512219	512219	512219	512219	512219	511719	511719	511719	511219	511219	510719	510719	510719	510219	510219	510219	510219	510219	510219	509719	509719	509719	509719	509219	509219	509219	509219	508719	508719	508719	508719	508719	3830768	3829768	3833268	3832768	3829268	3828768	3827268	3832268	3831768	3830768	3828268	3827268	3826768	3831268	3829768	3828268	3827768	3826268	3832768	3832268	3829268	3828768	3828268	3827768	3826768	3826268	3832768	3831768	3830768	3831268	3828768	3831768	3830268	3828768	3831768	3830268	3829268	3828768	3828268	3827768	3832768	3831768	3830768	3829268	3832268	3831268	3830268	3828768	3833268	3832768	3832768	3831268	3828768	X-direction


Y-direction
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