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Appendix B: Additional Results   

 

Figures B1-B3 

 

Tables B1-B18 
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Figure B1: Total Acres Transacted and Farmland Prices by District Membership, 2000-‘19: 

(a) Total Acres Transacted; (b) Mean Farmland Price (2001 prices) 
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Figure B2: District Water Transfer Trends, 2000-‘19: (a) Volume of Water transferred; (b) 

Number of Districts Participating in Water Transfers 

  
 

Panel (a) shows that volume of water transferred increases in dry years. Panel (b) shows that the 

number of districts participating in the market increases in drought years.    
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Figure B3: Trends in Depth-to-Groundwater, 2000-‘19 by (a) District Membership, (b) GWS-

Permit Requirement  

  

 

Figure B3 in Appendix B shows trends depth-to-groundwater in the study area disaggregated by 

district membership and GWS-permit requirement. Panel (a) shows that, in general, as expected, 

both inside and outside districts, pumping increases to supplement surface water supply 

shortages, and recovers in wetter periods. as Panel (b) shows that trends in depth-to groundwater 

disaggregated by the presence of county-level GWS-permit requirement. GWS-permit counties 

tend to have greater depth-to-groundwater.  
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Table B1: Land Values and Transfers at the County Level (Model (4) for k = 4, 5) 

 

Dep var: Natural log of real land price per acre 

  (1) (2) (3) (4) (5) (6) 

VARIABLES All parcels 

Outside 

Districts 

Inside 

Districts 

All 

parcels 

Outside 

Districts 

Inside 

Districts 

           

Water transferred from all 

districts in county in t-4 

(𝑊𝑇𝑐(𝑡−4)) -6.04e-08 -6.34e-07 1.72e-07 

   

 (9.06e-07) (2.00e-06) (9.93e-07)    

Water transferred from all 

districts in county in t-4 

(𝑊𝑇𝑐(𝑡−5))    3.06e-07 -7.08e-07 1.14e-06 

    (1.01e-06) (2.61e-06) (9.31e-07) 

Depth-to-groundwater in Spring 

in t-1 (feet below land surface) -0.00257* -0.00331** -0.00195 -0.00258* -0.00332** -0.00194 

 (0.00133) (0.00121) (0.00167) (0.00133) (0.00121) (0.00168) 

Coefficient of variation in Spring 

depth-to-groundwater in previous 

5 years. 0.00671 0.00782 0.00360 0.00684 0.00778 0.00392 

 (0.00543) (0.00627) (0.00319) (0.00553) (0.00625) (0.00329) 

County has a permit requirement 

for GWS-based transfer  

(𝐺𝑊𝑆𝑐 = 1) -0.386*** -0.171 -0.228* -0.381*** -0.169 -0.217* 

 (0.0730) (0.0975) (0.105) (0.0705) (0.0938) (0.102) 

Constant 9.601*** 9.492*** 9.291*** 9.593*** 9.489*** 9.271*** 

 (0.191) (0.168) (0.147) (0.185) (0.155) (0.136) 

       

Parcel controls x x x x x x 

Year  x x x x x x 

County  x x x x x x 

       

Observations 10,200 5,730 4,470 10,200 5,730 4,470 

Adj. R-squared 0.366 0.383 0.390 0.366 0.383 0.390 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * 

p<0.1 

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B2:  Estimated Marginal Effect of Water Transferred from home District (Model (5) for 

k = 1, 2, 3) 

 
 Inside districts parcels  

Estimated coefficient of: 
 

Water transferred from home district in year 

prior to sale (𝑊𝑇𝑑(𝑡−1)) 
  

   

 (𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.174* ($3292.5) 

 (0.0869) 

Water transferred from home district in 2 

years prior to sale (𝑊𝑇𝑑(𝑡−2)) 
-0.402** (-7606.8) 

 (0.155) 

𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2 0.385** (7285.1) 

 (0.145) 

Water transferred from home district in 2 

years prior to sale (𝑊𝑇𝑑(𝑡−3)) 
  

   

𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3   

   

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at 

county.*** p<0.01, ** p<0.05, * p<0.1   
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Table B3: Land Values and Water Transfers at the County Level (Model (4) for 2000-‘09) 

 

Dep var: Natural log of real land price per acre 
  (1) (2) (3) 

VARIABLES All Data Outside 

Districts 

Inside 

Districts 

        

Water transferred from all districts in county in 

t-1 (𝑊𝑇𝑐(𝑡−1)) 
0.0104** 0.0352*** 0.00208 

 
(0.00392) (0.00733) (0.00720) 

Depth-to-groundwater in Spring in t-1 (feet 

below land surface) 

-0.00118 -0.00163 -0.00204 

 
(0.00113) (0.00101) (0.00356) 

County has a permit requirement for GWS-

based transfer  (𝐺𝑊𝑆𝑐 = 1) 

-0.400*** 0.241*** -0.448** 

 
(0.0715) (0.0698) (0.134) 

Coefficient of variation in Spring depth-to-

groundwater in previous 5 years. 

0.000836 0.000889 -0.00472 

 (0.0109) (0.0107) (0.0115) 

Constant 9.464*** 8.892*** 9.388*** 

 (0.176) (0.135) (0.204) 

    

Parcel controls x x x 

Year  x x x 

County  x x x 

    

Observations 5,694 3,236 2,458 

Adj. R-squared 0.370 0.388 0.418 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at county. 

Parcel controls include Elevation, Slope, River frontage, Distance to paved roads, travel time to major 

cities, distance to urbanized area (population greater than 50,000), distance urban cluster (population 

larger than 2,500 and less than 50,000), total population within 25 square miles, % building footprint 

500 and 5000 m, building square-foot, and soil quality. 
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Table B4: Land Values and Mode of Water Transfers at the District Level (Model (5) for 2008-

’19) 

 

Dep var: Natural log of real land price per acre.  
  (1) (2) (3) 

VARIABLES Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

        

Water transferred from home district in year prior to parcel sale via 

GWS (𝑊𝑇𝑑(𝑡−1)
𝐺𝑊𝑆 )  

0.103 
  

 
(0.118) 

  

Year t-1 was drought year (𝐷𝑡−1 = 1) -0.244** 
  

 
(0.0836) 

  

 𝑊𝑇𝑑(𝑡−1)
𝐺𝑊𝑆 × 𝐷𝑡−1 -0.232 

  

 
(0.238) 

  

Water transferred from home district in year prior to parcel sale via 

crop-idling (𝑊𝑇𝑑(𝑡−1)
𝐶𝐼 )   

-0.359*** 
  

 
(0.0347) 

  

 𝑊𝑇𝑑(𝑡−1)
𝐶𝐼 × 𝐷𝑡−1 0.316** 

  

 
(0.111) 

  

Water transferred from home district in year prior to parcel sale via a 

combination of GWS and CI (𝑊𝑇𝑑(𝑡−1)
𝐺𝑊𝑆,𝐶𝐼

)   

-0.0598 
  

 
(0.139) 

  

𝑊𝑇𝑑(𝑡−1)
𝐺𝑊𝑆,𝐶𝐼 × 𝐷𝑡−1 0.193 

  

 
(0.127) 

  

Water transferred from home district in 2 years prior to parcel sale via 

GWS (𝑊𝑇𝑑(𝑡−2)
𝐺𝑊𝑆 )  

 
-0.843 

 

  
(0.766) 

 

Year t-2 was drought year (𝐷𝑡−2 = 1) 
 

0.120 
 

  
(0.0812) 

 

 𝑊𝑇𝑑(𝑡−2)
𝐺𝑊𝑆 × 𝐷𝑡−2 

 
0.612 

 

  
(0.724) 

 

Water transferred from home district in 2 years prior to parcel sale via 

crop-idling (𝑊𝑇𝑑(𝑡−2)
𝐶𝐼 )   

 
-0.586*** 

 

  
(0.0524) 

 

 𝑊𝑇𝑑(𝑡−2)
𝐶𝐼 × 𝐷𝑡−2 

 
0.585*** 

 

  
(0.0850) 

 

Water transferred from home district in 2 years prior to parcel sale via a 

combination of GWS and CI (𝑊𝑇𝑑(𝑡−2)
𝐺𝑊𝑆,𝐶𝐼

)   

 
-0.0381 

 

  
(0.147) 

 

𝑊𝑇𝑑(𝑡−2)
𝐺𝑊𝑆,𝐶𝐼 × 𝐷𝑡−2 

 
0.104 

 

  
(0.134) 

 

Water transferred from home district in 3 years prior to parcel sale via 

GWS (𝑊𝑇𝑑(𝑡−3)
𝐺𝑊𝑆 )  

  
-1.054** 

   
(0.345) 
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Year t-3 was drought year (𝐷𝑡−3 = 1) 
  

0.219** 
   

(0.0790) 

 𝑊𝑇𝑑(𝑡−3)
𝐺𝑊𝑆 × 𝐷𝑡−3 

  
0.757 

   
(0.706) 

Water transferred from home district in 3 years prior to parcel sale via 

crop-idling (𝑊𝑇𝑑(𝑡−3)
𝐶𝐼 )   

  
-0.285* 

   
(0.149) 

 𝑊𝑇𝑑(𝑡−3)
𝐶𝐼 × 𝐷𝑡−3 

  
0.289 

   
(0.165) 

Water transferred from home district in year prior to parcel sale via a 

combination of GWS and CI (𝑊𝑇𝑑(𝑡−3)
𝐺𝑊𝑆,𝐶𝐼

)   

  
-0.261** 

   
(0.0999) 

𝑊𝑇𝑑(𝑡−3)
𝐺𝑊𝑆,𝐶𝐼 × 𝐷𝑡−3 

  
0.340*** 

   
(0.0554) 

Depth-to-groundwater in Spring in t-1 (feet below land surface) -0.000887 -0.000652 -0.000821 
 

(0.00157) (0.00156) (0.00146) 

Coefficient of variation in Spring depth-to-groundwater in previous 5 

years. 

-0.000162 0.000453 0.000817 

 
(0.00624) (0.00570) (0.00622) 

County has a permit reqmt for GWS-based transfer   0.0698 0.0252 0.0138 
 

(0.104) (0.124) (0.103) 

Area of District (1000 acres) 0.00230*** 0.00227*** 0.00225*** 
 

(0.000364) (0.000362) (0.000361) 

District type 1 (State Water Project), Omitted category, 0 

(independent/other) 

0.0181 0.00160 -0.00746 

 
(0.0659) (0.0687) (0.0769) 

District type 2 (Central Valley Project) ), Omitted category, 0 

(independent/other) 

0.00849 -0.0136 -0.00973 

 
(0.122) (0.133) (0.120) 

District area lies in more than 1 County   -0.0399 -0.0263 -0.00970 
 

(0.131) (0.128) (0.128) 

Constant 9.658*** 9.403*** 9.372*** 
 

(0.166) (0.165) (0.155) 
    

Parcel controls x x x 

Year  x x x 

Observations 2,267 2,267 2,267 

Adj. R-squared 0.399 0.400 0.402 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at county.  

WTd(t−1)
GWS  denotes volume of water transferred from districts d in year t-1 via groundwater substitution, WTd(t−1)

CI  

denotes volume of water transferred from districts d in year t-1 via crop idling, and WTd(t−1)
GWS,CI

 denotes volume of 

water transferred from districts d in year t-1 via crop idling and groundwater substitution.  

Parcel controls include Elevation, Slope, River frontage, Distance to paved roads, travel time to major 

cities, distance to urbanized area (population greater than 50,000), distance urban cluster (population larger than 

2,500 and less than 50,000), total population within 25 square miles, % building footprint 500 and 5000 m, building 

square-foot, and soil quality.  
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Table B5: Estimated Marginal Effect of Water Transferred (10,000 acre-feet) from all Districts in County (Model (4) While 

Dropping Parcels Farther Away from Urban Boundary) 

 
 dropping urban_dist <= 2500 m   dropping urban_dist <= 5000 m dropping urban_dist <= 10,000 m 
 

All Data Outside 

Districts 

Inside 

Districts 

All Data Outside 

Districts 

Inside 

Districts 

All Data Outside 

Districts 

Inside Districts 

Estimated coefficient of: 
   

      

Water transferred from all 

districts in county in t-1 

(𝑊𝑇𝑐(𝑡−1)) 

0.00960**   0.0175** 0.00994***  0.0202*** 0.0130***  0.0253*** 

 (0.00369)   (0.00559) (0.00301)  (0.00463) (0.00309)  (0.00282) 

Water transferred from all 

districts in county in t-2 

(𝑊𝑇𝑐(𝑡−2)) 

0.0121*   0.0209**   0.0234**   0.0281*** 

 (0.00576)   (0.00834)   (0.00835)   (0.00728) 

Water transferred from all 

districts in county in t-3 

(𝑊𝑇𝑐(𝑡−3)) 

    0.0192**   0.0188**   0.0212* 

     (0.00669)   (0.00799)   (0.0100) 

Water transferred from all 

districts in county in t-4 

(𝑊𝑇𝑐(𝑡−4)) 

            

             

Water transferred from all 

districts in county in t-5 

(𝑊𝑇𝑐(𝑡−5)) 

        2.33e-06*    

         (1.23e-06)    

Observations 8,920 5,009 3,911 7,229 3,986 3,243 5,183 2,630 2,553 

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at county. *** p<0.01, ** p<0.05, * p<0.1.  Full 

results for 𝑊𝑇𝑐(𝑡−1) and 𝑊𝑇𝑐(𝑡−2) are shown in Tables B11, B12, B13 
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Table B6: Estimated Marginal Effect of Depth-to-Groundwater (feet) from all Districts in County (Model (4) While Dropping 

Parcels Farther Away from Urban Boundary) 
 dropping urban_dist <= 2500 m   dropping urban_dist <= 5000 m dropping urban_dist <= 10,000 m 

 All Data Outside 

Districts 

Inside 

Districts 

All Data Outside 

Districts 

Inside 

Districts 

All Data Outside 

Districts 

Inside 

Districts 

In model with: 
   

      

Water transferred from all 

districts in county in t-1 

(𝑊𝑇𝑐(𝑡−1)) 

-0.00250 -0.00281** -0.00308 -0.00341** -0.00378** -0.00291 -0.00403* -0.00458*** -0.00297 

 (0.00140) (0.00120) (0.00202) (0.00138) (0.00130) (0.00221) (0.00190) (0.00139) (0.00247) 

Water transferred from all 

districts in county in t-2 

(𝑊𝑇𝑐(𝑡−2)) 

-0.00254 -0.00279** -0.00316 -0.00346** -0.00375** -0.00295 -0.00406* -0.00455*** -0.00300 

 (0.00140) (0.00118) (0.00203) (0.00137) (0.00131) (0.00219) (0.00189) (0.00138) (0.00243) 

Water transferred from all 

districts in county in t-3 

(𝑊𝑇𝑐(𝑡−3)) 

-0.00253* -0.00278** -0.00308 -0.00341** -0.00376** -0.00286 -0.00401* -0.00457** -0.00288 

 (0.00137) (0.00120) (0.00205) (0.00137) (0.00130) (0.00223) (0.00188) (0.00142) (0.00252) 

Water transferred from all 

districts in county in t-4 

(𝑊𝑇𝑐(𝑡−4)) 

-0.00254* -0.00278** -0.00313 -0.00341** -0.00376** -0.00290 -0.00403* -0.00458*** -0.00294 

 (0.00136) (0.00121) (0.00206) (0.00137) (0.00131) (0.00224) (0.00189) (0.00136) (0.00256) 

Water transferred from all 

districts in county in t-5 

(𝑊𝑇𝑐(𝑡−5)) 

-0.00255* -0.00278** -0.00309 -0.00342** -0.00376** -0.00280 -0.00402* -0.00453** -0.00281 

 (0.00136) (0.00121) (0.00204) (0.00136) (0.00130) (0.00222) (0.00187) (0.00145) (0.00251) 

Observations 8,920 5,009 3,911 7,229 3,986 3,243 5,183 2,630 2,553 

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at county. *** p<0.01, ** p<0.05, * p<0.1.  Full results for 

𝑊𝑇𝑐(𝑡−1) and 𝑊𝑇𝑐(𝑡−2) are shown in Tables B11, B12, B13
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Table B7: Estimated Marginal Effect of Water transferred (10,000 acre-feet) from home 

District  (Model (5) While Dropping Parcels Farther Away from Urban Boundary) 

 
 dropping urban_dist 

<= 2500 m 

dropping urban_dist 

<= 5000 m 

dropping urban_dist 

<= 10,000 m 

 Inside districts parcels Inside districts parcels Inside districts parcels 

Estimated coefficient of: 
 

  

Water transferred from home 

district in year prior to sale 

(𝑊𝑇𝑑(𝑡−1)) 

-0.0387 -0.0385 -0.0394 

 (0.0511) (0.0583) (0.0691) 

 (𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.170 0.193 0.237** 

 (0.112) (0.118) (0.0868) 

Water transferred from home 

district in 2 years prior to sale 

(𝑊𝑇𝑑(𝑡−2)) 

-0.372** -0.371** -0.391*** 

 (0.121) (0.118) (0.116) 

𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2 0.375*** 0.386*** 0.409*** 

 (0.107) (0.0921) (0.0896) 

Water transferred from home 

district in 2 years prior to sale 

(𝑊𝑇𝑑(𝑡−3)) 

-0.194 -0.136 -0.146 

 (0.121) (0.113) (0.150) 

𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3 0.209 0.157 0.179 

 (0.139) (0.125) (0.195) 

Observations 3,909 3,243 2,553 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at 

county.  Full Results are shown in Tables B14 and B15 
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Table B8: Estimated Marginal Effect of Water Transferred (10,000 acre-feet) from all districts 

in County (Model (4) with Zip-code Fixed Effects) 

  
All Data Outside Districts Inside Districts 

Estimated coefficient of: 
   

Water transferred from all districts in county in 

t-1 (𝑊𝑇𝑐(𝑡−1)) 
0.0108*** 0.00758 0.0142** 

 (0.00319) (0.0165) (0.00588) 

Water transferred from all districts in county in 

t-2 (𝑊𝑇𝑐(𝑡−2)) 
0.00961 -0.0179** 0.0189** 

 (0.00555) (0.00655) (0.00816) 

Water transferred from all districts in county in 

t-3 (𝑊𝑇𝑐(𝑡−3)) 
0.00653 -0.00730 0.0199** 

 (0.00575) (0.0142) (0.00622) 

Water transferred from all districts in county in 

t-4 (𝑊𝑇𝑐(𝑡−4)) 
-9.62e-08 4.45e-07 2.23e-07 

 (8.74e-07) (1.52e-06) (9.75e-07) 

Water transferred from all districts in county in 

t-5 (𝑊𝑇𝑐(𝑡−5)) 
4.20e-07 6.01e-07 1.27e-06 

 (1.02e-06) (1.94e-06) (9.61e-07) 

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at 

county. *** p<0.01, ** p<0.05, * p<0.1. Full results are shown in Tables B16 and B17.  
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Table B9: Estimated Marginal Effect of Depth-to-Groundwater (feet) (Model (4) with Zip-code 

Fixed Effects) 

 
 All Data Outside Districts Inside Districts 

In model with: 
   

Water transferred from all districts in county in 

t-1 (𝑊𝑇𝑐(𝑡−1)) 
-0.00225 -0.00252 -0.00299 

 (0.00136) (0.00152) (0.00172) 

Water transferred from all districts in county in 

t-2 (𝑊𝑇𝑐(𝑡−2)) 
-0.00232 -0.00247 -0.00315 

 (0.00136) (0.00149) (0.00171) 

Water transferred from all districts in county in 

t-3 (𝑊𝑇𝑐(𝑡−3)) 
-0.00232 -0.00250 -0.00320* 

 (0.00132) (0.00152) (0.00171) 

Water transferred from all districts in county in 

t-4 (𝑊𝑇𝑐(𝑡−4)) 
-0.00229 -0.00254 -0.00308 

 (0.00134) (0.00151) (0.00170) 

Water transferred from all districts in county in 

t-5 (𝑊𝑇𝑐(𝑡−5)) 
-0.00231 -0.00254 -0.00307 

 (0.00133) (0.00151) (0.00173) 

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at 

county.*** p<0.01, ** p<0.05, * p<0.1. Full results are shown in Tables B16 and B17. 
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Table B10:  Estimated Marginal Effect of Water Transferred (10,000 acre-feet) from home 

District (Model (5) with Zip-Code Fixed Effects) 

 
 Inside districts parcels  

Estimated coefficient of: 
 

Water transferred from home district in year prior to sale 

(𝑊𝑇𝑑(𝑡−1)) 
-0.0279 

 (0.0494) 

 (𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.135* 

 (0.0601) 

Water transferred from home district in 2 years prior to sale 

(𝑊𝑇𝑑(𝑡−2)) 
-0.376** 

 (0.126) 

𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2 0.355** 

 (0.124) 

Water transferred from home district in 2 years prior to sale 

(𝑊𝑇𝑑(𝑡−3)) 
-0.154 

 (0.108) 

𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3 0.176 

 (0.130) 

Robust standard errors in parentheses below estimate; $ values calculated at means. Errors clustered at 

county.*** p<0.01, ** p<0.05, * p<0.1  Full results for are shown in Table B15.  
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Table B11: Land Values and Transfers at the County Level (Model (4) for k = 1, 2 While 

Dropping urban_dist <= 2500 meters) 

 

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

VARIABLES All parcels Outside 

Districts 

Inside 

Districts 

All parcels Outside 

Districts 

Inside 

Districts 

              

Water transferred from all 

districts in county in t-1 

(𝑊𝑇𝑐(𝑡−1)) 

0.00960** 0.00865 0.0175** 
   

 
(0.00369) (0.0150) (0.00559) 

   

Water transferred from all 

districts in county in t-2 

(𝑊𝑇𝑐(𝑡−2)) 

   
0.0121* -0.00793 0.0209** 

    
(0.00576) (0.0110) (0.00834) 

Depth-to-groundwater in 

Spring in t-1 (feet below 

land surface) 

-0.00250 -0.00281** -0.00308 -0.00254 -0.00279** -0.00316 

 
(0.00140) (0.00120) (0.00202) (0.00140) (0.00118) (0.00203) 

Coefficient of variation in 

Spring depth-to-

groundwater in previous 5 

years. 

0.00169 -0.00119 0.00627 0.00169 -0.00118 0.00560 

 
(0.00466) (0.00518) (0.00450) (0.00467) (0.00511) (0.00383) 

County has a permit 

requirement for GWS-based 

transfer  (𝐺𝑊𝑆𝑐 = 1) 

-0.411*** -0.294*** -0.183 -0.414*** -0.342*** -0.195 

 
(0.0775) (0.0666) (0.107) (0.0802) (0.0721) (0.110) 

Constant 9.297*** 9.179*** 9.113*** 9.299*** 9.244*** 9.119*** 

       
 

(0.206) (0.135) (0.210) (0.212) (0.162) (0.216) 

Parcel controls x x x x x x 

Year  x x x x x x 

County  x x x x x x 

       

Observations 8,920 5,009 3,911 8,920 5,009 3,911 

R-squared 0.378 0.404 0.389 0.378 0.404 0.390 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * 

p<0.1 

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B12: Land Values and Transfers at the County Level (Model (4) for k = 1, 2 dropping 

urban_dist <= 5000 meters) 

  

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

VARIABLES All parcels Outside 

Districts 

Inside 

Districts 

All parcels Outside 

Districts 

Inside 

Districts 

              

Water transferred from all 

districts in county in t-1 

(𝑊𝑇𝑐(𝑡−1)) 

0.00994*** -0.00330 0.0202*** 
   

 
(0.00301) (0.0103) (0.00463) 

   

Water transferred from all 

districts in county in t-2 

(𝑊𝑇𝑐(𝑡−2)) 

   
0.0124 -0.0169 0.0234** 

    
(0.00686) (0.0122) (0.00835) 

Depth-to-groundwater in 

Spring in t-1 (feet below land 

surface) 

-0.00341** -0.00378** -0.00291 -0.00346** -0.00375** -0.00295 

 
(0.00138) (0.00130) (0.00221) (0.00137) (0.00131) (0.00219) 

Coefficient of variation in 

Spring depth-to-groundwater 

in previous 5 years. 

0.00470 -0.00396 0.00875 0.00466 -0.00415 0.00778 

 
(0.00514) (0.00735) (0.00690) (0.00507) (0.00735) (0.00585) 

County has a permit 

requirement for GWS-based 

transfer  (𝐺𝑊𝑆𝑐 = 1) 

-0.370*** -0.216** -0.0810 -0.374*** -0.252** -0.0973 

 
(0.0929) (0.0686) (0.100) (0.0953) (0.0789) (0.106) 

Constant 9.165*** 9.162*** 8.784*** 9.170*** 9.208*** 8.797*** 
 

(0.240) (0.161) (0.203) (0.244) (0.182) (0.212) 

       

Parcel controls x x x x x x 

Year  x x x x x x 

County  x x x x x x 
       

Observations 7,229 3,986 3,243 7,229 3,986 3,243 

R-squared 0.368 0.395 0.383 0.368 0.395 0.384 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * 

p<0.1 

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B13: Land Values and Transfers at the County Level (Model (4) for k = 1, 2 dropping 

urban_dist <= 10,000 meters) 

  

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

VARIABLES All 

parcels 

Outside 

Districts 

Inside 

Districts 

All parcels Outside 

Districts 

Inside 

Districts 

              

Water transferred from all 

districts in county in t-1 

(𝑊𝑇𝑐(𝑡−1)) 

0.0130*** -0.00740 0.0253*** 
   

 
(0.00309) (0.0104) (0.00282) 

   

Water transferred from all 

districts in county in t-2 

(𝑊𝑇𝑐(𝑡−2)) 

   
0.0148* -0.0196 0.0281*** 

    
(0.00733) (0.0110) (0.00728) 

Depth-to-groundwater in 

Spring in t-1 (feet below land 

surface) 

-0.00403* -0.00458*** -0.00297 -0.00406* -0.00455*** -0.00300 

 
(0.00190) (0.00139) (0.00247) (0.00189) (0.00138) (0.00243) 

Coefficient of variation in 

Spring depth-to-groundwater in 

previous 5 years. 

0.0115* 0.000662 0.0143 0.0112* 0.000387 0.0132 

 
(0.00617) (0.00886) (0.00908) (0.00589) (0.00906) (0.00798) 

County has a permit 

requirement for GWS-based 

transfer  (𝐺𝑊𝑆𝑐 = 1) 

-0.382*** -0.144* -0.0685 -0.392*** -0.181* -0.0955 

 
(0.104) (0.0691) (0.0838) (0.111) (0.0892) (0.0888) 

Constant 9.178*** 9.171*** 8.744*** 9.188*** 9.214*** 8.766*** 
 

(0.266) (0.202) (0.251) (0.275) (0.220) (0.257) 

Parcel controls  x x x x x x 

Year  x x x x x x 

County  x x x x x x 
       

Observations 5,183 2,630 2,553 5,183 2,630 2,553 

R-squared 0.340 0.343 0.364 0.340 0.344 0.364 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * 

p<0.1  

Parcel controls  include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B14: Land Value and Transfers at the District level (Model (5) While Dropping 

urban_dist < 5000m) 

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

 dropping urban_dist < 2500 m dropping urban_dist < 5000 m 

VARIABLES Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

              

Water transferred from home 

district in year prior to parcel 

sale (𝑊𝑇𝑑(𝑡−1)) 

-0.0387 
  

-0.0385 
  

 
(0.0511) 

  
(0.0583) 

  

Year t-1 was drought year ( 

𝐷𝑡−1 = 1) 
0.566*** 

  
0.540** 

  

 
(0.166) 

  
(0.199) 

  

(𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.170 
  

0.193 
  

 
(0.112) 

  
(0.118) 

  

Water transferred from home 

district in 2 years prior to parcel 

sale (𝑊𝑇𝑑(𝑡−2)) 

 
-0.372** 

  
-0.371** 

 

  
(0.121) 

  
(0.118) 

 

Year t-2 was drought year ( 

𝐷𝑡−2 = 1) 

 
0.509*** 

  
0.534** 

 

  
(0.144) 

  
(0.177) 

 

(𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2) 
 

0.375*** 
  

0.386*** 
 

  
(0.107) 

  
(0.0921) 

 

Water transferred from home 

district in 3 years prior to parcel 

sale (𝑊𝑇𝑑(𝑡−3)) 

  
-0.194 

  
-0.136 

   
(0.121) 

  
(0.113) 

Year t-3  was drought year ( 

𝐷𝑡−3 = 1) 

  
0.664*** 

  
0.662*** 

   
(0.174) 

  
(0.195) 

(𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3) 
  

0.209 
  

0.157 
   

(0.139) 
  

(0.125) 

Depth-to-groundwater in Spring 

in t-1 (feet below land surface) 

-0.000863 -0.000859 -0.000988 -0.000586 -0.000576 -0.000727 

 
(0.00125) (0.00123) (0.00129) (0.00120) (0.00118) (0.00127) 

Coefficient of variation in 

Spring depth-to-groundwater in 

previous 5 years 

0.00131 0.00183 0.00192 0.00439 0.00532 0.00545 

 
(0.00392) (0.00457) (0.00466) (0.00568) (0.00675) (0.00668) 

County has a permit reqmt for 

GWS-based transfer = 1 

-0.261** -0.242** -0.243** -0.170 -0.157 -0.160 

 
(0.0939) (0.0925) (0.0950) (0.102) (0.103) (0.0987) 

Area of District (1000 acres) 0.00161*** 0.00174*** 0.00172*** 0.00158*** 0.00172*** 0.00168*** 
 

(0.000275) (0.000318) (0.000293) (0.000302) (0.000307) (0.000287) 

District Type = 1 (CVP district, 

base case independent/other) 

-0.0527 -0.0574 -0.0536 -0.108*** -0.115*** -0.109** 
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(0.0477) (0.0481) (0.0480) (0.0315) (0.0328) (0.0335) 

Districts Type = 2 (SWP 

district, base case 

independent/other) 

-0.0767 -0.0594 -0.0542 -0.0374 -0.0234 -0.0144 

 
(0.0803) (0.0747) (0.0739) (0.0650) (0.0657) (0.0647) 

District area lies in more than 1 

County = 1 

-0.0152 0.00514 0.00560 -0.0189 0.00506 -0.000229 

 
(0.0644) (0.0637) (0.0646) (0.0543) (0.0551) (0.0584) 

Constant 9.193*** 9.156*** 9.161*** 8.832*** 8.791*** 8.804*** 
 

(0.201) (0.202) (0.203) (0.186) (0.174) (0.176) 

       

Parcel controls x x x x x x 

Year  x x x x x x 
       

Observations 3,909 3,909 3,909 3,243 3,243 3,243 

Adj. R-squared 0.390 0.392 0.390 0.384 0.387 0.383 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at county.  

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B15: Land Value and Transfers at the District level (Model (5) While Dropping 

urban_dist < 10,000 m)  

 
  (1) (2) (3) 

 dropping urban_dist < 10,000 meters 

VARIABLES Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

        

Water transferred from home district in year prior to parcel sale 

(𝑊𝑇𝑑(𝑡−1)) 
-0.0394 

  

 
(0.0691) 

  

Year t-1 was drought year ( 𝐷𝑡−1 = 1) 0.542*** 
  

 
(0.122) 

  

(𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.237** 
  

 
(0.0868) 

  

Water transferred from home district in 2 years prior to parcel sale 

(𝑊𝑇𝑑(𝑡−2)) 

 
-0.391*** 

 

  
(0.116) 

 

Year t-2 was drought year ( 𝐷𝑡−2 = 1) 
 

0.496*** 
 

  
(0.139) 

 

(𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2) 
 

0.409*** 
 

  
(0.0896) 

 

Water transferred from home district in 3 years prior to parcel sale 

(𝑊𝑇𝑑(𝑡−3)) 

  
-0.146 

   
(0.150) 

Year t-3  was drought year ( 𝐷𝑡−3 = 1) 
  

0.561*** 
   

(0.162) 

(𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3) 
  

0.179 
   

(0.195) 

Depth-to-groundwater in Spring in t-1 (feet below land surface) -0.000462 -0.000524 -0.000655 
 

(0.00142) (0.00142) (0.00153) 

Coefficient of variation in Spring depth-to-groundwater in previous 5 

years 

0.00896 0.0110 0.0109 

 
(0.00716) (0.00839) (0.00835) 

County has a permit reqmt for GWS-based transfer = 1 -0.182* -0.172 -0.163* 
 

(0.0966) (0.106) (0.0873) 

Area of District (1000 acres) 0.00224*** 0.00242*** 0.00241*** 
 

(0.000454) (0.000472) (0.000443) 

District Type = 1 (CVP district, base case independent/other) -0.128*** -0.134*** -0.124*** 
 

(0.0293) (0.0320) (0.0339) 

Districts Type = 2 (SWP district, base case independent/other) -0.000410 0.0242 0.0392 
 

(0.0750) (0.0904) (0.0841) 

District area lies in more than 1 County = 1 -0.00425 0.0141 0.0104 
 

(0.0838) (0.0935) (0.0873) 

Constant 8.722*** 8.664*** 8.677*** 
 

(0.219) (0.208) (0.189) 
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Parcel controls x x x 

Year  x x x 

Observations 2,553 2,553 2,553 

Adj. R-squared 0.365 0.368 0.364 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at county. 

Parcel controls include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % 

building footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B16: Land Values and Transfers at the County Level (Model (4) with k = 1, 2 with Zip-

code Fixed Effects) 

 

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

VARIABLES All 

parcels 

Outside 

Districts 

Inside 

Districts 

All parcels Outside 

Districts 

Inside 

Districts 

              

Water transferred from all districts in 

county in t-1 (𝑊𝑇𝑐(𝑡−1)) 
0.0108*** 0.00758 0.0142** 

   

 
(0.00319) (0.0165) (0.00588) 

   

Water transferred from all districts in 

county in t-2 (𝑊𝑇𝑐(𝑡−2)) 

   
0.00961 -0.0179** 0.0189** 

    
(0.00555) (0.00655) (0.00816) 

Depth-to-groundwater in Spring in t-1 

(feet below land surface) 

-0.00225 -0.00252 -0.00299 -0.00232 -0.00247 -0.00315 

 
(0.00136) (0.00152) (0.00172) (0.00136) (0.00149) (0.00171) 

Coefficient of variation in Spring 

depth-to-groundwater in previous 5 

years.  

0.00236 0.00482 0.000776 0.00253 0.00477 0.000280 

 
(0.00555) (0.00506) (0.00290) (0.00559) (0.00513) (0.00186) 

County has a permit requirement for 

GWS-based transfer  (𝐺𝑊𝑆𝑐 = 1) 

-0.376*** -0.517*** -0.0245 -0.375*** -0.534*** -0.0171 

 
(0.110) (0.143) (0.143) (0.109) (0.141) (0.133) 

Constant 10.65*** 11.08*** 9.945*** 10.65*** 11.07*** 9.978*** 
 

(0.313) (0.134) (0.281) (0.309) (0.140) (0.267) 

       

Parcel controls x x x x x x 

Year  x x x x x x 

Zip-code  x x x x x x 

       

Observations 10,200 5,730 4,470 10,200 5,730 4,470 

Adj. R-squared 0.400 0.434 0.409 0.400 0.435 0.409 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * 

p<0.1  

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % building 

footprint 500 and 5000 m, building square-foot, and soil quality.  
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Table B17: Land Values and Transfers at the County Level (Model (4) with k = 3, 4 with Zip-

code Fixed Effects) 

 

Dep var: Natural log of real land price per acre  
  (1) (2) (3) (4) (5) (6) 

VARIABLES All 

parcels 

Outside 

Districts 

Inside 

Districts 

All parcels Outside 

Districts 

Inside 

Districts 

              

Water transferred from all 

districts in county in t-3 

(𝑊𝑇𝑐(𝑡−3)) 

0.00653 -0.00730 0.0199** 
   

 
(0.00575) (0.0142) (0.00622) 

   

Water transferred from all 

districts in county in t-4 

(𝑊𝑇𝑐(𝑡−4)) 

   
-9.62e-08 4.45e-07 2.23e-07 

    
(8.74e-07) (1.52e-06) (9.75e-07) 

Depth-to-groundwater in Spring 

in t-1 (feet below land surface) 

-0.00232 -0.00250 -0.00320* -0.00229 -0.00254 -0.00308 

 
(0.00132) (0.00152) (0.00171) (0.00134) (0.00151) (0.00170) 

Coefficient of variation in 

Spring depth-to-groundwater in 

previous 5 years. 

0.00267 0.00480 8.13e-05 0.00278 0.00499 0.00195 

 
(0.00570) (0.00511) (0.00213) (0.00565) (0.00520) (0.00355) 

County has a permit requirement 

for GWS-based transfer  

(𝐺𝑊𝑆𝑐 = 1) 

-

0.377*** 

-0.530*** -0.0176 -0.383*** -0.517*** -0.0307 

 
(0.111) (0.146) (0.138) (0.114) (0.144) (0.142) 

Constant 10.64*** 11.08*** 9.929*** 10.64*** 11.08*** 9.915*** 
 

(0.317) (0.136) (0.293) (0.316) (0.133) (0.297) 

       

Parcel controls x x x x x x 

Year  x x x x x x 

Zip-code  x x x x x x 
       

Observations 10,200 5,730 4,470 10,200 5,730 4,470 

Adj. R-squared 0.400 0.434 0.409 0.400 0.434 0.407 

Robust standard errors in parentheses. Errors clustered at the County. *** p<0.01, ** p<0.05, * p<0.1 

Parcel controls include Elevation, Slope, River frontage, Distance to paved roads, travel time to major 

cities, distance to urbanized area (population greater than 50,000), distance urban cluster (population 

larger than 2,500 and less than 50,000), total population within 25 square miles, % building footprint 500 

and 5000 m, building square-foot, and soil quality.  

 

  



Land Economics 100 (1), February 2024 
“Water Market Participation and Agricultural Land Values” 
by Anita M. Chaudhry, Dean H. K. Fairbanks, and Christoph Nolte 

 

 

 25 

Table B18: Transfers at the District Level and Land Values (Model (5) with Zip-code Fixed 

Effects) 

Dep var: Natural log of real land price per acre  
  (1) (2) (3) 

VARIABLES Inside 

Districts 

Inside 

Districts 

Inside 

Districts 

        

Water transferred from home district in year prior to parcel sale 

(𝑊𝑇𝑑(𝑡−1)) 
-0.0279 

  

 
(0.0494) 

  

Year t-1 was drought year ( 𝐷𝑡−1 = 1) 0.497*** 
  

 
(0.119) 

  

(𝑊𝑇𝑑(𝑡−1) × 𝐷𝑡−1) 0.135* 
  

 
(0.0601) 

  

Water transferred from home district in 2 years prior to parcel sale 

(𝑊𝑇𝑑(𝑡−2)) 

 
-0.376** 

 

  
(0.126) 

 

Year t-2 was drought year ( 𝐷𝑡−2 = 1) 
 

0.433*** 
 

  
(0.105) 

 

(𝑊𝑇𝑑(𝑡−2) × 𝐷𝑡−2) 
 

0.355** 
 

  
(0.124) 

 

Water transferred from home district in 3 years prior to parcel sale 

(𝑊𝑇𝑑(𝑡−3)) 

  
-0.154 

   
(0.108) 

Year t-3  was drought year ( 𝐷𝑡−3 = 1) 
  

0.559*** 
   

(0.149) 

(𝑊𝑇𝑑(𝑡−3) × 𝐷𝑡−3) 
  

0.176 
   

(0.130) 

Depth-to-groundwater in Spring in t-1 (feet below land surface) -0.00147 -0.00117 -0.00151 
 

(0.00157) (0.00155) (0.00157) 

Coefficient of variation in Spring depth-to-groundwater in previous 5 

years  

-0.00212 -0.00162 -0.00214 

 
(0.00395) (0.00452) (0.00425) 

County has a permit reqmt for GWS-based transfer = 1 -0.00651 -0.00866 -0.0252 
 

(0.169) (0.165) (0.161) 

Area of District (1000 acres) 0.000938 0.00107* 0.000995* 
 

(0.000552) (0.000565) (0.000509) 

District type 1 (State Water Project), Omitted category, 0 

(independent/other) 

-0.0234 -0.0301 -0.0293 

 (0.126) (0.125) (0.125) 

District type 2 (Central Valley Project) ), Omitted category, 0 

(independent/other) 

-0.0911 -0.0633 -0.0773 

 (0.146) (0.139) (0.141) 

District area lies in more than 1 County = 1 -0.0157 0.00837 -0.00433 
 

(0.157) (0.158) (0.158) 

Constant 9.799*** 9.790*** 9.787*** 
 

(0.346) (0.347) (0.346) 
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Parcel controls x x x 

Zip-code  x x x 

Years x x x 

    

Observations 4,459 4,459 4,459 

R-squared 0.406 0.409 0.407 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Errors clustered at county. 

Parcel controls@ include Elevation, Slope, River frontage, Distance to paved roads, travel time to 

major cities, distance to urbanized area (population greater than 50,000), distance urban cluster 

(population larger than 2,500 and less than 50,000), total population within 25 square miles, % 

building footprint 500 and 5000 m, building square-foot, and soil quality.  

 


